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PREFACE

For some time the Netherlands has had a problem with water quality,
particularly salinity, eutrophication, and thermal pollution. Moreover,
the future demand for fresh water is expected to exceed the supply. The
growing demand for the limited supply of groundwater is leading to
increased competition among its users: agriculture, industry, nature
preserves, and companies that supply drinking water. The supply of
surface water is sufficient except in dry years, when there is competition

not only among such users as agriculture, power plants, and shipping, but
also among different regions,

Facing such water management problems, the Dutch government wanted an
analysis to help draft the first national water management law and to
select the overall water management policy for the Netherlands. It
established the Policy Analysis for the Water Management of the
Netherlands (PAWN) Project in August 1976 as a joint research project of
Rand (a nonprofit corporation),® the Rijkswaterstaat (the government
agency responsible for water control and public works),? and the Delft
Hydraulics Laboratory (a leading Dutch research organizaticn).?

The primary tasks of the PAWN project were to:

1. Develop a methodology for assessing the multiple consequences
of water management policies.

2. Apply it to develop alternative water management policies“
for the Netherlands and to assess and compare their conse-
guences.

3. Create a Dutch capability for further such analyses by training
Dutch analysts and by documenting and transferring methodelogy
developed at Rand to the Netherlands.

The methodology and results of the PAWN project are described in a series
of publications entitled Policy Analysis of Water Management for the
Netherlands. The series contains the following volumes:

. Volume I, Summary Report (Rand R-2500/1)

Volume II, Screening of Technical and Managerial Tactics
(Rand N-1500/2)

Volume III, Screening of Eutreophication Control Tactics
(Rand N-1500G/3)

Volume IV, Design of Long-Run Pricing and Regulation
Strategies (Rand N-1500/4)

Volume V, Design of Managerial Strategies (Rand N-1500/5)
Volume VA, Methodological Appendixes to Vol. V (Rand N-1500/5A)
Volume VI, Design of Eutrophication Control Strategies
(Rand N-1500/6)
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. Volume VII, Assessment of Impacts on Drinking-Water Companies
and Their Customers (Rand N-1500/7)
* Volume VIII, Assessment of Impacts on Industrial Firms
(Rand N-1500/8)
. Volume IX, Assessment of Impacts on Shipping and Lock
Operation (Rand N-1500/9)
* Volume X, Distribution of Monetary Benefits and Costs
(Rand N-1500/10)
Volume XI, Water Distribution Medel (Rand N-1500/11)
Volume XII, Model for Regional Hydrology, Agricultural Water
Demands and Damages from Drought and Salinity (Rand N-1500/12)
*  Volume XIII, Models for Sprinkler Irrigation System Design,
Cost, and Operation (Rand N-1500/13)
*  Volume XIV, Optimal Distribution of Agricultural Irrigation
Systems (Rand N-1500/14)
. Volume XV, Electric Power Reallocation and Cost Model
(Rand N-1500/15)
Volume XVI, Costs for Infrastructure Tactics (Rand N-1500/16)}
*  Velume XVII, Flocd Safety Model for the IJssel lLakes
(Rand N-1500/17)
. Volume XVIII, Sedimentation and Dredging Cost Models
(Rand N-1500/18}
. Volume XIX, Models for Salt Intrusion in the Rhine Delta
(Rand N-1500/19)
*  Volume XX, Industry Response Simulation Model (Rand N-1500/20)

Four comments about this series of publications seem appropriate. First,
the series represents a joint Rand/Rijkswaterstaat/Delft Hydraulics
Laboratory research effort. Whereas only some of the volumes list Dutch
coauthors, all have Dutch contributors, as can be seen from the
acknowledgments pages.

Second, except where noted, these publications describe the methodclogy
and results presented at the final PAWN briefing at Delft on December 11
and 12, 1979. For Rand, this briefing marked the beginning of the
documentation phase of the project and the end of the analysis phase.
Rand and the Rijkswaterstaat (RWS) considered the results to be
tentative because (1) some of the methodology had not become available
until late in the analysis phase, and (2) the RWS planned to do
additional analysis.

Third, the RWS is preparing its Nota Waterhuishouding, the new policy
document on water management scheduled for publication in 1982, by
combining some of the PAWN results from December 1979 with the results
of considerable additional analysis dene in the Netheriands with the
PAWN methodology. Because the understanding gained in the originail
analysis led to improvements in the data--and, in some instances, the
models--used to represent the water management system in the additional
analysis, the reader is hereby cautioned that the numerical results and
conclusions presented in the PAWN volumes will not always agree with
those presented in the Nota Waterhuishouding or its companion reports.
(It has not been possible to indicate such differences in the volumes
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since they are being written before the Nota is published.) Thus, the
present series of publications puts primary emphasis on documenting the
methodology rather than on describing the policy results.

Fourth, Vols. II through XX are not intended to stand alone, and should
be read in conjunction with the Summary Report (Vol. I), which contains
most of the contextuwal and evaluative material.

The present volume describes the District Hydrologic and Agriculture
Model (DISTAG). DISTAG computes water demands by agriculture, the
most important user of water in the Netherlands. Twe other volumes
are particularly closely related. Volume XI describes the Water
Distribution Model, which uses DISTAG as a subroutine. Volume XITI
describes various sprinkler models, some of which are used as
subroutines by DISTAG.

Parts of this veolume (Chaps. 1, 2, and 7) should be wvaiuable for
pelicymakers and others who are mainly interested in the results of the
PAWN study and want to get an impression of the modeling effort behind
the results. Chapters 3, 4, and 6 are directed toward readers more
specifically interested in water management and hydrclogy. Details of
the computer implementation of the model are given in Chap. 5.

NOTES

1. Rand had had extensive experience with similar kinds of analysis
and had been working with the Rijkswaterstaat for several years
on other problems.

2. The Rand contract was officially with the Rijkswaterstaat,
Directie Waterhuishouding en Waterbeweging (Directorate for Water
Management and Water Movement), but numerous other parts of the
Rijkswaterstaat contributed tec the analysis.

3. Delft Hydraulics Laboratory research was performed under project
number R1230, sponsored by the Netherlands Rijkswaterstaat.

4. Each water management policy involved a2 mix of tactics, each a
particular action to affect water management, such as building a
particular canal or taxing a particular use. TFour kinds of tactics
were considered: building new water management facilities
(infrastructure) or applying various treatments te the water
(called technical tacties); using managerial measures (called
managerial tactics) to change the distribution of water among
competing regions and users; and imposing taxes or quotas to affect
the quantity or quality of water extracted or discharged by
different users (called price and regulation tactics,
respectively). A mix of tactics of the same kind is called a
strategy. Thus, the overall policy could be conceived as a
combination of technical, managerial, pricing, and regulation
strategies.
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SUMMARY

This volume describes the District Hydrologic and Agriculture Model
(DISTAG). It describes methodology only, and contains no results or
conclusions about water management for the Netherlands--such results
appear in other volumes.

DISTAG simulates the hydrologic cycle. It assumes that the amount of
rain and conditions determining evaporation are known, as are
hydrologic conditions (e.g., quantity of water stored in the soil) at
the beginning of a time interval. It then determines:

. How much water actually evaporates, both directly and
in the form of transpiration from plants.

. How much water and salt remain in the soil.

. How much water and salt drain out of the soil into the
surface water system.

. The groundwater level.

In addition to these strictly hydrelogic quantities, the model also
computes:

. Quantity of water and operating cost of sprinkling.
. Drought and salt damage to crops.

This volume gives an overview of the problems to which DISTAG is
applied, describes the model in detail, and shows how it is used by
PAWN. It also describes the data used by DISTAG for the agricultural
analysis and explains where they were obtained. Finally, it shows
that the model gives results that are of adequate accuracy for PAWN.
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Chapter 1

THE CONTEXT

This chapter explains why agriculture causes water management problems
and what some of the problems are. Then it outlines very briefly how
the subject of this volume, the District Hydrologic and Agriculture
Model, is used to analyze these problems.

The chapter is intended primarily for readers who are unfamiliar with
water management in the Netherlands or with PAWN. A more complete
discussion of PAWN is given in Vol. I.

1.1. THE MAJOR ELEMENTS OF THE WATER MANAGEMENT SYSTEM

The surface water system of the Netherlands, taken as a whole, is large
and complicated. It includes the deltas of two large European rivers
(the Rijn and the Maas), a large freshwater lake (the IJsselmeer), many
smaller rivers, streams and canals, and a huge network cf small ditches.
If all of the details of the entire surface water system were contained
in a single model, that model would be hopelessly complicated. For any
modeling effort a distinction has to be made between that part of the
surface water system whose details should be included, and that part
that shonld be modeled in a much more aggregate way. We will call that
part of the surface water system that we model in detail the
distribution system. The distribution system is controlled by national
and regional governments, while the rest is largely controlled by local
authorities. The major elements of the distributicn system are:

. The Rijn River and its distributaries--the Waal, the IJssel,
etc.

. The Maas River.

a

The Noordzeekanaal, the Amsterdam-Rijnkanaal, and other
man-made waterways.

. The IJsselmeer and other big lakes.

Agriculture is the single most important "user” of water in the
Netherlands. To get some idea of how much water is used by agriculture,
we note that in the Netherlands there are more than 20,000 km*® of land
containing cultivated cash crops.? 1In an average summer month,
approximately 100 mm of water will be transpired from each point on the
surface of the cultivated area. Therefore, in that month, more than
2,000 million m*® of water are transpired by this cropland (expressed

as a flow, this amounts to 770 m®/s). We can get an idea of how much
water this is by comparing it with other large volumes:



. The Ijsselmeer has a surface area of approximately 2000 km?,
and an average depth of about 4 m. If the 2000 million
m® required by agriculture in an average summer month
were to be supplied from the IJsselmeer alone, it would
draw down the level by at least a meter.

. A typical low summer discharge of the Rijn River is about 1000
m’/s. At this rate, nearly the total discharge of the Rijn
would be required to supply the needs of agriculture.

. The total production of all drinking water companies in the
Netherlands is about 1000 million m® per year.

In addition to being the biggest user of water, agriculture suffers more
damage than other users when water is scarce. Our models indicate that,
one year in twenty, on the average, a drought will cause crop damage on
the order of 1000 Dflm, whereas the costs to shipping are around 50
Dflm, and to power plants, 30 Dflm.

1.2. THE PROBLEM

The high consumption of water by agriculture deoes not usually pose

a national water management problem because, most of the time, water
needed by agriculture is supplied directly by rain or from meisture
stored in the soil. Moreover, only a small fraction of the
agricultural area can currently meet its demand by extracting water
from the distribution system or from groundwater. First, not all
areas have access to surface water or good quality groundwater. More
importantly, the extent to which farmers have sprinkling equipment is
5till quite limited (only about 13 percent of the total agricultural

area could be sprinkled from either surface water or groundwater in
1976).

However, the use of sprinkling has been rapidly increasing. If this
growth continues, then agriculture will begin to experience new
problems, and cause problems for other users of water. Increased
extractions from surface water cause:

. Competition for water among farmers, and between farmers and
other users.
. Increased salinity damage because of saline sprinkling water.

Water extracted from the ground for sprinkling can also become a
problem. For example, in the Netherlands there are places where a
lowering of the groundwater table could lead to the destruction of
certain unique environmental areas.

There are a number of ways a nation can control the way in which water
is allocated among various competing users. It can control water
physically by building a canal or a sluice or other physical
structure, or by managing an existing element of the system to favor



one group or another. It can control water administratively by
taxing a use, setting a price, or prohibiting an activity. In the
present study, we call any combination of such options a water
management policy.?

The problem addressed by PAWN is to determine the impacts of any
proposed policy. By impacts, we mean the benefits or disbenefits to
every "user" affected by the policy, as well as the costs of the
policy itself.

1.3. THE MODEL

The District Hydrologic and Agriculture Model (DISTAG) is a model
performs three functions. First, it estimates water and salt

flows between the distribution system and the land. Second, it
determines groundwater ievels. TFinally, it calculates agricultural
costs and benefits affected by the availability or lack of water. To
be explicit, it assumes that the amount of rain and conditions
determining evaporation are known, as are hydrologic conditions (e.g.,
quantity of water stored in the soil), at the beginning of a time
interval and then determines:

. How much water is actually evaporated, both directly and in
the form of transpiration from plants.

. How much water and salt are retained in the soil.

. How much water and salt are drained out of the soil into the
surface water system.

. The groundwater level,

In addition to these strictly hydrologic quantities, DISTAG also
computes :

. Quantity and cost of sprinkling.
. Drought and salt damage to crops.

DISTAG is used by the principal tool of the PAWN analysis, the
Distribution Mcdel (DM), described in Vol. XI. DM simulates the
majer surface water system of the Netherlands. It computes water
flows in the major rivers, canals, and lakes, the concentration of salt
and some other pollutants in these waters, and what the impacts are
for a number of user categories: shipping, power plants, agriculture,
etc. In order to make these computations, DM needs to know how much
water enters the country from rivers and from rain. It alsc needs

to know how much water is extracted and/or discharged by the various
user groups. DISTAG is used by DM to perform three functions. First,
DISTAG computes:




. How much water and salt are discharged into and/or extracted
from the distribution system.

. How much water is extracted by agriculture for sprinkling.

. Costs and benefits of sprinkling for agriculture.

. Crop damage.

Second, DM uses DISTAG's estimates of extractions and discharges, along
with a specified management plan, to estimate water flows for the rivers,
canals, and lakes of the national distribution system. Finally, it uses
DISTAG's estimates of sprinkling costs and crop damage to compute the
costs and benefits of the management plan.

NOTES

1. The Statistisch Zakboek of the Centraal Bureau voor de Statistiek
reports over 25,000 km® of "cultured ground." In PAWN about
20,000 km? of land contained cash crops. The discrepancy is
partly due to definitional differences, but also due to the fact
that PAWN did not include the entire country (e.g., the islands in
the North Sea were omitted from the analysis).

2. The term policy is defined more precisely in Veol. I.




Chapter 2

DEFINITIONS AND GENERAL DESCRIPTION OF THE MODEL

This chapter describes what DISTAG computes, and explains in some
detail how it is related to DM. It begins by explaining a little of
the specific hydrology of the Netherlands, and then continues with
discussions of the hydrologic features that are included in the model.

The chapter is intended for readers who wish to get a general idea of
what the model is, but may not need to know specifically how the model
works., It is also used to define a large number of terms needed in
subsequent chapters, and in other volumes.

2.1. THE HYDROLOGY OF THE NETHERLANDS

DISTAG is a general model, and could be used for many problems in many
regions. For example, it could be used to study the benefits to
agriculture and effects on groundwater levels of increased

groundwater extractions in California. It could also be used to
estimate the optimal size of & reservoir in a Nebraskan watershed.
Nevertheless, we had only one problem in mind: water

management in the Netherlands. We will begin our discussion by
explaining general features of climate and geography of the
Netherlands that dominated our thinking as the model was developed.

2.1.1. Rain and Evaporation

The Netherlands has a moderate climate, with approximately 750 mm of
rain per year, of which about 500 mm is evaporated by plants. Neither
rain ner evaporation is uniform over the year. Rain varies somewhat
over the year, but evapotranspiration varies widely. As Fig. 2.1 shows,
higher levels of precipitation occur in the autumn and winter, compared
with spring and early summer. (The term "decade" used in Fig. 2.1 and
elsewhere is defined in Sec., 2.4.) But the highest precipitation occurs
in July and August. The level of evapotranspiration is very high in
summer. In average years, evapotranspiration is greater than
precipitation from April through September by about 100 mm [2.1]. The
deficit is usually made up by drawing on water stored in the soil.

Although the Netherlands is a small country, there is a considerable
variation in climate from one place to the next. ' Generally, there is
less rain and more evapotranspiration aleng the coast than inland.
For example, in the province of Zeeland, in the southwest corner of
the country, about 320 mm of rain usually falls from April through
September, while in the province of South Limburg, in the southeast,
about 380 mm falls. Normal open water evaporation from April through

September is 590 mm in Zeeland and 570 mm in the southern part of the
province of Brabant.
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Fig. 2.1--Average rain and evapotranspiration per decade at
De Bilt, 1911-1975

In a dry year, the discrepancy between rain and evaporation becomes
much larger than in normal years. Whereas the normal discrepancy
during the growing. season, averaged over the whole country, is only
around 100 mm, the discrepancy was closer to 375 mm during the drought
year of 1976. During droughts, the moisture stored in the soil is
inadequate, and crops are damaged. Because of regional differences,
this damage can be quite different in different parts of the country.

2.1.2. Surface and Groundwater Systems

About 7 percent of the surface area® of the Netherlands consists of
roads, buildings, and other hard surfaces that are impervious teo
moisture. Most of the rain that falls on such surfaces runs into the
surface water system {a small fraction evaporates). Another 4 percent
of the surface area consists of water that is not contained in the
distribution system: ditches, small brooks, and the like. The
remaining surface area is covered with vegetation. Except for a small
part that evaporates immediately, rain falling on the vegetation-
covered surfaces enters the soil, resides either in the root zone for a
while before being evaporated by plants, infiltrates deeper into

the groundwater (the saturated zone), or drains out into the surface
water system. The hydrology of these vegetation-covered areas is
complicated. Tt is necessary to distinguish two different landforms,
called the lowlands and the highlands.



That part of the Netherlands where the elevation of the ground surface
is less than 2 m above mean sea level is called the lowlands. The
complement is called the highlands. These two regions are shown in

Fig. 2.2. The lowlands contain about 60 percent of the total surface
area of the country and lie largely in the northwestern part of the
country. The terms highlands and lowlands need clarification in the
context of the Netherlands, where the higher areas rarely exceed
elevations of 30 to 40 m. The use of this terminology merely emphasizes
the differences in hydrology between higher and lower parts of the
country. These two landforms are discussed separately below,

The Hydrology of the Lowlands. Much of the lowlands lies below sea
level-~-some parts even more than 6 m--and so excess water does

not drain out naturally. To get rid of excess water, a system of
ditches, polders, and boezems is used.

Ditches are straight and relatively shallow channels for water, which
slice up the land into rectangunlar fields 50 to a& few hundred meters
on a side.

Polders are land areas surrounded by dikes. In polders the water

level of the ditches is controlled independently of neighboring
polders.

A beoezem is a system of interconnected drainage canals and lakes
surrounding the polders, having a single, controllable water level.
When the water level in a polder gets too high, water is pumped into
the beoezem, which then drains it into the national distribution system
(rivers, major canals, etc.), or temporarily stores it. In dry
periods, the polders can be supplied with water from the boezem. In
most places a considerable number of polders are connected to the same
boezem. The water level in the boezem is generally substantially
higher than those in the ditches of the connected polders. Water

levels of both boezems and polders are normally maintained at a
specified constant level.

In poclders lying below sea level the considerable head difference
between the ditches and the sea can cause a deep groundwater flow of
saline water that penetrates the land and reaches the surface water.
This phenomenon is called seepage. The rate of seepage and its salt
content vary considerably from one area to amother. In those places
where the salinity of the seepage is very high, it is necessary to
flush the ditches and boezems with fresh water to reduce the salinity
and thus avoid crop damage.

Since the groundwater level in the lowlands is close to the surface,
water can rise directly from the groundwater table to the root zone
where it can be used by plants. This process is called capillary rise.

The Hydrology of the Highlands. Typically the elevatiecn of the
highlands ranges from 10 to 30 or 40 m above sea level. In most
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Fig. 2.2--Lowlands and highlands of the Natherlands



places, the land surface is slightly sloped. Most of the rain falling
ot the land reaches the groundwater table, where it flows from places
with higher groundwater levels to places with lower groundwater levels
and eventually ends up in brooks or small rivers. We call the
phencmenon of water flowing out of the groundwater table because of
gravitational forces basic drainage.

The natural drainage capacity of the highlands is generally not
sufficient to prevent problems associated with high groundwater levels
and flooding in wet periods. To combat these problems, the Dutch have
dug an extensive network of ditches in many places that drains water more
quickly into the bigger brooks and streams, where it eventually flows
into the main distribution system. These ditches do not usually

centain water in dry periocds.

Seepage, similar to that in the lowlands and caused by basic drainage
from higher surrounding areas, may occur in some places. But as this
seepage i1s not influenced by the sea, it is not saline, and causes no
crop damage.

The groundwater level in the highlands typically ranges from somewhat
less than a meter to a couple of meters below the surface. The

shallow groundwater levels are found in those parts of the highlands

of relatively low altitude and near beds of rivers and streams. In
these places, the capillary action can cause some water to rise from the
groundwater table to the root zone. Where the groundwater level is
deeper, capillary rise supplies no significant quantities of water,
especially during the growing season.

2.1.3. Districts

We can view the hydrologic system of the Netherlands from many levels
of detail. At a breoad level, we could think of one or two rivers, and
rain and evaporation averaged over the entire surface area. At a
detailed level, we could consider every ditch, and different rain and
evaporation measurements for every square meter of land. But this
broad picture is too crude to give useful insight into water
management problems, and the detailed picture would be hopelessly
complicated. We need to strike a compromise.

On the basis of geography and surface water hydrology, we have
partitioned the Netherlands into 77? regions that we call districts.
Every district contains some urban area, some surface water, and some
vegetation-covered area. Some of the vegetation-covered area may be in
the lowlands, and some may be in the highlands. We assume that within
each district:

. There is a single, connected surface water system, with a
constant level everywhere.
There is no variation of rain and open water evaporatiomn.
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* All parts discharge into and extract from the surface water
system in the same way.
hd Salt wixes perfectly in the surface water.

Districts are the basic hydrologic entities of PAWN. The division of
the country inte districts is shown in Fig. 2.3.

2.1.4. Perspective on the Main Water Management Problem

Historically, the main water management problem in the Netherlands has
been too much water in both lowlands and highlands. Throughout the
years many improvements to the drainage systems have been made, such
as digging ditches and building pumping stations. Due to these
improvements, the problem of excess water is essentially under
control. Because of increases in the demand for water, and the
occurrence of some dry summers in recent years (most recently, 1976),
attention has gradually shifted to problems associated with water
shortages. Thus, PAWN focuses on water shortage problems and their
possible solutions rather than problems of excess water. Of course it
also pays major attention to problems of water quality.

2.2. THE HYDROLOGIC CYCLE IN GENERAL

The term hvdrologic c¢vele can be applied to the simple notion that
water falls to the earth in some form of precipitation (rain, snow)
and eventually evaporates back into the atmosphere. The term can also
be applied to a much more complicated process, containing many
pathways along which water moves in solid, liquid, and vapor forms.
Large flows can be distinguished, such as major ocean and atmospheric
currents, and major rivers. But there are alsc many small-scale
processes involved, such as rain dripping from the leaves of a tree,
leakage from ditches, etc. In additicon to the water pathways to be
included in a hydrologic model, the geographic features of the real
world play an important role.

Generally, various dissclved or suspended substances are carried with
water (when it is in a liquid phase). This process is sometimes called
the geochemical cycle. In this volume, we are concerned with only

one such substance: chloride, for which we will simply use the term
salt. A discussion of the movement of salt through the hydreclogic
system concludes this section.

2.2.1. Geographic Features

Districts, introduced in Sec. 2.1.3, are regions small enocugh that
internal details of surface water movement can be regarded as
unimportant from a water management standpoint. A district consists
of three parts: surface water, urban areas, and vegetation-covered
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areas. We discuss each part in turn. Table 2.1 shows the total area
of each of these three regions in the Netherlands.

The Surface Water System. This part of a district includes canals,
ditches, lakes, and other bodies of water, the surfaces of which are
open to the sky. They may be connected in quite complicated ways,
but we do not consider such complications in our medel. Instead,

we regard the surface water system as one, homogeneous body. We
assume that there is exactly one place (the extraction point) in

the surface water system where water enters from the distribution
system, and one place (the discharge point) where it leaves. These
two places may or may not coincide.

Urban Areas. Each district contains surfaces that are essentially
imperviocus to the wvertical flow of water. Such surfaces include
roads, buildings, glasshouses, and other hard surfaces. After a rain,
a small amount of water may evaporate from these surfaces, but most of
the rain runs, via sewage systems, into the surface water system.

Most of these surfaces are in cities, so we will call them

urban areas.

Vegetation. The major part of any district is covered with
vegetation. Such vegetation includes agricultural cash crops {the
cultivated area) and "nature," i.e., woods, fallow land, marshes,
verges, parks, playing fields, etc. In the areas covered with
vegetation, water can be stored in the soil in two separate zones.

The root zone consists of a relatively shallow top layer of soil (30
to 80 cm, depending on soil type and kind of vegetation). The subseoil
consists of everything below the root zone. The soil moisture content
in the subscil varies with depth. It increases with increasing depth
to a point, called the groundwater level, where there is a maximum
amount of water per unit of volume. The region below this level is
called the saturated zone.

Table 2.1

SURFACE WATER, URBAN, AND VEGETATION-COVERED AREAS
IN THE NETHERLANDS

Category Area (km?) Pct

Surface water 1450 4o
Urban areas (roads, buildings, etc.) 2400 7.3
All vegetation-covered land 28910 88.2
"Nature" (see text for definition) 9100 27.8
Cash crops 19810 60.5
Open-air cash crops 19730 60.2
Glasshouse crops 80 0.2

Total area 32760 100.0

SOURCE: Estimated by authors from data supplied by the Centragsl
Bureau voor de Statistiek. See Chap. 6. Values may differ in
other tables because of round-off.
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2.2.2, Pathways for the Flow of Water

Figure 2.4 depicts the elements of the hydrologic cycle that are
included in our model. In this section we will discuss the various
water flows. These flows are zlso shown schematically in Fig. 2.5,

Rain and Evaporation. Rain falls on each of the three primary areas

of a district, surface water, urban, and vegetation-covered areas.
Water evaporates from each of the three areas, too. Water is lost from
vegetation-covered areas by a process known as evapotranspiration.
Direct evaporation continually takes place from the surface water. To
a limited extent evaporation losses also occur in urban areas.

Urban Runoff. Since urban areas, by definition, are impervious to

the vertical flow of water, such rain as does not evaporate flows into
the surface water system, either directly via the sewage system, or
after going through some form of treatment.

Sprinkling: Surface Water, Groundwater, and Losses. By effective
sprinkling we mean the amount of sprinkled water that finds its way

into the root zone, from which it may be evaporated by crops. Such water
comes from two places: surface water sprinkling is drawn from the
surface water system; groundwater sprinkling is drawn from the

subsoil. During and immediately after sprinkling water is applied, there
are losses into the atmosphere due to evapcoration of the water.

Root Zone Loss and Capillar. Rise. By root zone loss we mean the
downward flow of water, under the force of gravity, from the root zone
inte the subseil. When the groundwater level is close enough to the
surface, and the root zone is dried out to some extent, water rises
into the root zone by a process known as capillary rise.

Seepage and Leakage. Head differences in groundwater aquifers cause
groundwater to flow from places with higher groundwater levels to places
with lower groundwater levels. In the lower parts of the country,

this may result in seepage flows entering the subsoil and surface

water. In higher parts, water may leak from the subsocil for this
reasen. A particularly important phenomenon occurs in some lowland
areas where saline seepage flows penetrate the subsoil and surface
water, driven by relatively high sea level.

Drainage and Infiltration. When water moves from the subsoil into the
surface water system under the force of gravity, the flow is called
drainage. In low-lying areas, such water drains into the ditches,
from which it is pumped up into the system of canals and lakes that
surround polders called a boezem. Elsewhere, the elevation of the
land is such that water drains out of the subsoil into naturally
occurring streams and rivers, a phenomenon called basic drainage.

Not all drainage from a district flows into the surface water system
cof the district itself. Sometimes a portion of it flows out of the
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district inte the surface water system of some other district or into
the national distribution system; we call this total leakage to
surrounding areas outside drainage. The drainage that remains
entirely inside a district is called inside drainage.

Water can flow in the opposite direction, from ditches, canals,
rivers, etc., directly into the subsgil. When this happens, the flow
is called infiltraticn.

Other Users of Water. There may be other users of water in a
district whose use of water is beyond the direct control of the water
management system. Industries and drinking water companies are the
most typical such users. They may extract groundwater and surface
water, and they may discharge water intc the surface water system.

Main Extractions and Discharges. Finally, the main discharge is the
discharge of water from the surface water system of a district into
the national distribution system, and the main extraction is the
extraction of water from that place. Generally, these extractions
and/or discharges are the result of managerial decisions, decisions
made in order to control the level of the water in the canals and
ditches of the district, to reduce the amount of salt, to provide
adequate water for sprinkling, etc.

2.2.3. Pathways for the Transport of Salt

By salt we mean dissolved chloride. Only chloride is considered
because it is by far the most prevailing salt component in Dutch
surface waters and alsc the most harmful te crops. Salt is present in
most naturally occurring bodies of water, and is transported along
with the water wherever it flows (in liquid phase). Therefore, many
water paths are also paths along which salt is transported. These
paths are shown in Fig. 2.6.

Sources of Salt. Each of the three paths by which water enters a
district can bring salt. Rain brings a small amount from the
atmosphere, and more is washed into the surface water from urban areas
by rain; the latter is mostly salt spread on reads in winter for
controlling ice. In areas close to the ocean, seepage carries salt
into the subsoil. Extractions from the national distribution system
account for much salt. (The Rijn has a high salt concentration, due
largely to industrial activity in Germany and France). Finally,
fertilizers applied to agricultural land carry a certain amount of
salt; this is a direct source not immediately connected to any inflow
of water.

How Salt Leaves a District. S8Salt is not carried out of a district by
evaporated water, and the only way to get rid of it is to discharge it
into the national distribution system. In periods when no discharge
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takes place naturally, flushing may be needed, achieved by taking in
and discharging water simultaneously. Reducing the amount of salt in
the surface water can be a major reason to flush a district.

Internal Salt Flows. The flow of salt from urban areas into the
surface water of a district has already been mentioned. Salt carried
from the surface water system into the root zone by sprinkling causes
the most trouble. Salt is also carried from the root zone inte the
subsoil by the water lost from the root zome, but this is a slow
process, and so salt in the root zomne can build up rather high
concentrations and cause crop damage. Salt is transported from the
subscil inte the open water system along with drainage water.

2.3. AGRICULTURE

In this section, we discuss briefly special problems relating to Dutch
agriculture. First, we mention why various crops, scils, and landforms
need to be distinguished. Then we discuss problems involving
sprinkling. Finally we touch upen problems involved with crop damage,
and conclude by defining two new entities: the subdistrict and the
plot.

2.3.1. Crops, Soils, and Landforms

What happens to agriculture in any particular place and time depends
on three important factors: the kind of crop under cultivation, the
soil type, and the landform. We discuss each of these three factors
in turn.

Crops. The crops raised in the Netherlands differ in their need for
water, their capacity to extract water from the soil, their
susceptibility to drought and salt damage, and their economic value.
To capture the most important differences, we have distinguished
thirteen different crop types.

The vegetation-covered area that does not have cash crops we call
"nature." This area represents a significant fraction of the
vegetation of the country, and so its presence is important for water
balance computations., Since the hydrology of nature is, in principle,
identical to that of agricultural crops, we treat 'nature’ as a kind
of crop in addition to the thirteen proper agricultural crops.
"Nature" includes many kinds of vegetaticon: woods, marshes, parks,
verges, etc.

We distinguish between the crops raised in the open air and crops
raised in glasshouses. The latter represent a rather small fraction
of the total area devoted to agriculture in the Netherlands, but they
are extremely valuable. The hydrologic and geochemical processes of
glasshouse crops are quite different from those of open-air crops.
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B0il Type. The soil type of a region affects the amount of water

that can be stored in it, the difficulty plants have in extracting
this water, and the rates at which water infiltrates, or rises through
capillary action. Sixteen root zone/subseil combinations are
distinguished in our model. Associated with each soil type is a set
of scil parameters used to control computations dependent on seil
type. These computations are discussed in Sec. 4.1.

Landforms. The major landforms, the lowlands and the highlands,

were defined in Sec. 2.1.2. The distinction between these landforms
is important for agriculture, because in the lowlands the groundwater
level is usually close to the surface, so capillary rise can account
for a significant supply of water for crops. In the low highlands

the groundwater level is usually less than 1 m below the soil

surface. Depending on root zone depth there may be a substantial
contribution of capillary rise to the water needed by agriculture. In
the high highlands the groundwater level is usually more than a meter
from the soil surface. For deep-rooted crops at locations where the
groundwater level is not much deeper than a meter, capillary rise
might be of some value. In other cases, capillary rise will be almost
negligible or will not occur at all. The areas of these two

landforms for the entire Netherlands are given in Table 2.2,

2.3.2. Sprinkling

In the Netherlands, farmers obtain water to irrigate crops from one of
two places: water is pumped either from a nearby source of surface
water (a ditch or canal) or from a groundwater well. A relatively
small amount of irrigation is applied by actually flooding the crop
land. This is called surface irrigation and it is almost only used
for grass. Most irrigation is applied by various types of sprinklers.
PAWN assumes that all irrigation is of the latter sort, so the term
sprinkling is used to denote all forms of artificial irrigation. The
term groundwater sprinkling denctes the situation where the source of
the water is from the ground, and the term surface water sprinkling
denoctes the case where the source of the water is a ditch or canal.

The amount of water consumed by sprinklers in any district during a
particular time periocd depends on four factors:

. How much of the cultivated land has sprinklers.

. How much the sprinklers are used, provided there is enough
water.

. Water requirement of crops that are sprinkled, and sprinkling
lesses.

. The amount of water available.

The area of land sprinkled in a district does not change from
one timestep to another, so, from DISTAG's perspective, this amount is
an aspect of the geography of the district, just like the amount of



-20-

Table 2.2

VEGETATION-COVERED AREA, BY LANDFORM,
IN THE NETHERLANDS

Landform Area (km?) Pct
Lowlands 17070 59.0
Highlands 11850 41.0

Low highlands 2700 9.3
High highlands 9150 31.6
Total vegetation-covered area 28920 100.0

SOURCE: Estimated by authors from data supplied by Stichting
voor Bodemkartering. See Chap. 6. Values may differ in other

Table 2.3

NETHERLANDS AGRICULTURAL LAND AREA, BY SPRINKLING CATEGORY

Sprinkling category Area (km?) Pct
Unsprinkled 17170 86.7
Surface water 1930 9.7
Groundwater 710 3.6
Total land containing cash crops 19810 100.0

SO0URCE: Estimated by authors from data supplied by the
Instituut voor Cultuurtechniek en Waterhuishouding. See
Chap. 6. Values may differ in other tables because of round-off.
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any particular crop growing there. In Table 2.3, the area of land
sprinkled in the nation for 1976 is given. TFor some PAWN analyses,
estimates of future amounts of sprinklers have been made. These are
discussed in Vol. XIV,

2.3.4. Crop Damage

In PAWN, only two types of crop damage are studied. Drought damage

is the reduction in crop production due to water shortages. Salt
damage is the reduction due to excessive salt concentration of the
water in the root zone. Other kinds of damage, such as that caused by
frost, excessive rain, or plant diseases, are not explicitly
considered,

In any timestep (most often 10 days), DISTAG estimates the fraction of
the total crop production that is lost due to drought or salt damage,
both the damage in that particular timestep and the cumulative damage
up to that peint. The survival fraction is defined as the complement
of the total cumulative damage fraction (both drought and salt); i.e.,
the survival fraction is 1 minus the cumulative damage fraction.

Crop production can be estimated in money terms by multiplying the
survival fraction by the total value of the crop.

In dry years, crop prices may rise considerably because drought
damages reduce market supply. This offsetting effect is treated by
estimating crop prices as a function of how dry the year is. How
these crop prices are estimated is described in App. A. Estimates for
crop prices for an average year and for 1976 (an extremely dry vear)
are given in Chap. 6.

2.3.5. Definition of Subdistricts

Many districts contain more than one soil type and/or include more
than one of the three landforms: lowlands, low highlands, or high
highlands. That part of each district that is covered with vegetation
has been divided further into subdistricts by first partitioning the
district into landform types and then, if still necessary,
partitioning the landform types by soil type. In districts where
there is only one soil type and one landform, we call the entire
vegetated region a single subdistrict. There are 143 subdistricts;
each of the 77 districts contains from 1 to 6 subdistricts.

2.3.6, Definition of Plots

A mixture of crops is found in each subdistriet. Generally, each crop
may be unsprinkled in some parts of the subdistrict, vet sprinkled
from groundwater or surface water in other places. The two-way split
of a subdistrict, first into crop types, then into type of sprinkling
(if any), partitions each subdistrict into areas that we call plots.
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We treat fourteen different crops and three different categeories of
sprinkling (no sprinkling, surface water sprinkling, and groundwater
sprinkling), so each subdistrict could contain as many as 42 plots.
However, not every crop occurs in every subdistrict, nor is every type
of sprinkling applied to every crop. In practice the number of plots
in a subdistrict is rarely greater than 12, and averages around 9.
There are 1259 plots in the data that describe the agricultural
situation of the Netherlands for 1976.

The plot is the smallest geographic unit of analysis used in DISTAG
for the computation of water flows, salt flows, crop damage, and
sprinkling costs. Three important submodels, the plot water model,
the plot salt model, and the plot damage model operate sclely at the
level of the plot. They are all described in Chap. &.

2.4, TIME

The overall PAWN analysis is carried out for a calendar year (January

1 through December 31). We divide each month of the year into three
timesteps which the Dutch call decades; the first two decades of each
month contain exactly 10 days, and the third decade contains as many days
as are needed to fill in the month (8, 9, 10, or 11 days). We compute

what happens for each decade, and then put together results for an
entire year.

2.5. THE DISTRICT HYDROLOGIC AND AGRICULTURE MODEL (DISTAG)

Inputs to DISTAG can be segregated into three general classes:

Geographic conditions define properties of the
district itself, e.g., area of the district.

Initial conditions indicate the state of the district
at the beginning of the time period, e.g., salinity of
the surface water in the district, amount of water
stored in the root zone.

Step conditions give time-varying conditions that
occur during the time period, e.g., amount of rain,
salinity of water in the distribution system, amount
of water available for sprinkling.

Outputs from DISTAG fall intec two classes:

* Final conditions indicate the state of the district
at the end cof the time period, to be carried forward
and become the initial conditions for the next period.

- Impacts are the major quantities determined by the
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model for a given decade and district. They include:
Water Flows
Extractions from the distribution system.
Discharges to the distribution system.
Amount of water required by agriculture for

sprinkling.

Salt Transport

Salt concentration of the water discharged from
the district.

Agriculture Costs and Benefits

Operating cost for sprinkling.
Crop damage due to drought.
Crop damage due to salt.

DISTAG uses three submodels to describe the more specific agricultural

aspects within the district. These submodels all make computations
for plots.

The plot water model {(PLOTWAT) computes water requirements by

agriculture.

. The plot salt medel (PLOTSLT) determines the salt
concentration in the root zone and subsoil.

. The plot damage model (PLOTDAM) computes agricultural damages.

These models are described in mere detail in Chap. 4.

2.6. THE DISTRIBUTION MODEL (DM)

The water distribution system studied by PAWN is a network of rivers,
canals, and lakes, into which water comes from rivers, rain, and
drainage from the land. The Distribution Model (DM) is a simulation
model of the water distribution system, and it uses DISTAG as a
subroutine to estimate discharges from or extractions by districts.

DM is described in Vol. XI. Te place DISTAG in context, we
summarize DM briefly:

DM considers details of the surface water system, such as
flows in rivers, water levels, etc.

It makes computations for a calendar year or longer.

. It considers regional differences.

It includes a number of impact categories, such as
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agriculture, shipping, power plants, etc.
* It can implement managerial decisions, such as allecating
water when demand exceeds supply.

The relationship between DM and DISTAG is illustrated in Fig. 2.7.
There are four main steps.

. Using the plot water model, DISTAG determines agricultural
water requirements.

. DISTAG aggregates the agricultural demand and combines it with
demands of other users, resulting in a total district demand.

. DM weighs the demands from all the districts and the various

national users and then allocates water to the districts
according to a specified managerial strategy.

. DISTAG allocates the water each district receives among its
various users, and computes impacts on agriculture.

The first two of these steps are called the "'request" phase; the last
two are called the "delivery" phase.

A single "run™ of DM simulates a water management policy and determines
its impact fer a single calendar year. In doing so, DM uses DISTAG many
times, because it makes computations for many districts, for each of the
36 decades in the year.

DM must treat two interactions ameng districts. First, districts may
demand more water than available. When this happens, DM must reduce the
amount of water some district gets, either by reducing the amount of
sprinkling allowed there or by reducing the amount of flushing. In
either case, agricultural damages may increase: drought damages will
increase if sprinkling is cut back, while salt damages will increase if

flushing is reduced. If sprinkling is cut back, sprinkling costs will
be reduced, too.

Second, districts exchange salt. DM must indicate to DISTAG the
salinity of each district's extraction point. But this salinity
is affected in part by what is discharged from other districts.

In a single decade, DM uses DISTAG twice for each district. The first
time, the "request,” DISTAG computes the previously listed impacts,
first, assuming that there are no constraints on the amcunt of water
available to each district and, second, using some initial estimate fer
the salinity of the water in the distribution system. After DISTAG has
made its "request" computations, DM allocates water to the districts.
Some districts may get less then requested.

Then, with updated estimates of salinities, DM uses DISTAG a second
time, the "delivery," possibly constraining some water some districts
get. DISTAG determines the impacts of this allocation. In Fig. 2.8, we
diagram this two-step procedure.
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Every time DISTAG is used by DM, it computes a set of final conditions
that can be used as the initial conditions for the next timestep.
Since DISTAG is used twice by DM, only the final conditions computed
during the second call (the "delivery") are actually carried forward.
Fig. 2.9 illustrates this logic.

| CALLED BY DM

. [
| * : | BRING FORWARD
| IS THIS A "REQUEST"? —— YES —p' CONDITIONS FROM
. ' | LAST DECADE
| 1
NO ‘+

PERFORM CALCULATIONS .
FOR THIS DISTRICT AND L
DECADE

1
h 4

SET ASIDE FINAL
CONDITIONS FOR START
OF NEXT DECADE

F——"

v

| 1
| RETURN TO DM i
1 ]

H Fig. 2.9--Overview of DISTAG logic
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NOTES

For this discussion, we exclude the surface area of the waters
contained in the distribution system.

We also defined a 78th district corresponding to the proposed
Markerwaard polder.

REFERENCE

Keninklijk Nederlands Meteorologisch Institunt, De Droogte van
1976, Publicatie No. 154, De Bilt, December 1976.
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Chapter 3

INPUTS AND QUTPUTS

Chapter 2 gave an overview of what is included in DISTAG. The present
chapter, in which we describe its inputs and outputs, will be important
to readers interested in the technical details of the model. In the
next two chapters, we explain how the model works. Chapter 6 describes
the data base used by PAWN, including the specific values of the inputs.

Inputs to the model fall into three classes. TFirst, there are rain
and evaporation data. Second, there are the geographic and location-
dependent data that characterize the soils, crops, districts, and
other features of the system. Finally, there are computed input data:
variables passed to DISTAG from DM, and initial conditions computed in
a previous timestep. In what follows, we discuss each of these
classes of input data in turn. In the final section, we discuss the
outputs of the model.

3.1. RAIN, EVAPORATION, AND LENGTH OF TIMESTEP

In any decade, the amount of rain and evaporation that occurs during
the decade must be supplied as input data to the district agriculture
model. In reality, there is day-to-day variation in both rain and
evaporation, and there is spatial variation as well. Our model does
not resclve this day-to-day variation, but assumes a constant rate of
both rain and evaporation for the entire decade. While we do treat
the spatial variation to some extent by assigning different districts
to different weather stations, no variation of rain or evaporation is
assumed within a district.

Evaporation is the change of phase of water from a liquid to & vapor.
We use the term to denote the amount of water that evaporates from
open water., Transpiration is the evaporation of water from plants.
Evapotranspiration is the mixture of evaporatien and transpiration
from a vegetation-covered region. Open water evaporation is
considered to be a process that depends mainly on climatological
conditions. It is affected by radiation, temperature, humidity, wind
cenditions, and other factors. Since controlling the weather is not
part of any policy studied by PAWN, evaporation is specified as an
input to the model. Once evaporation is given, evapotranspiration is
computed by the model.

Transpiration is limited by the physiclogical processes within the
plant, the external plant characteristics (shape, height, degree of
soil covering), and the availability of water to the plant. The

term potential evapotranspiration denotes the amount of water that
will evaporate from a vegetation-covered surface in a given period of
time, as long as the ability of plants to transpire water is not
constrained by the lack of it. Actual evapotranspiration is what is
actually evaporated from vegetation.
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Not every decade is exactly ten days long. The last decade in each
month may be 8, 9, 10, or 11 days long. The length of each decade is
read in as data along with rain and evaporation.

3.2. GEOGRAPHIC AND LOCATION-DEPENDENT DATA

The inputs described in this section are read from data files once,
stored in memory, and never changed. They define the nature of the
system being modeled. We have grouped these data into classes that
depend on how large a geographical area the elements represent.
First, we discuss the "constants” of the model: numbers that remain
fixed throughout the whole country. Then, we introduce in turn data
that characterize districts, subdistricts, and finally, plots.

3.2.1. Constants

Some characteristics are assumed to remain the same throughout the
entire nation. The most important ones are listed in Table 3.1, but

it is more convenient to discuss these data in other places in this
volume.

3.2.2. Data Characterizing Districts

Where a district is connected to the distribution system, i.e., where
it extracts and/or discharges surface water, depends on management
decisions made by the national government. Such connections are not
treated by DISTAG, but rather by DM. The reader is referred to Vol.
X1 for further information about the connection of districts to the
national distribution system.

Data characterizing districts may be classified into four groups.
First, we note characteristics that a district may share with its
immediate neighbors by virtue of its location: the weather station,
which determines rain and evaporation, and the drainage region, which
determines the groundwater aquifer characteristics. Second, there are
data characterizing the urbanized part of the district. Third, there
are data describing the surface water part. Finally, there is an
extensive collection of data related to the vegetation-covered part of
the district, including all the parameters characterizing agriculture.
This last class of data elements is discussed in subsequent sections.
The first three classes are discussed in what immediately follows. The

district-specific data elements described in this section are listed in
Table 3.2.

Weather Station and Drainage Region. In any particular decade, rain
and evaporation may be different in different parts of the nation. We
have used a standard division of the Netherlands intc fourteen
weather stations. Each district is assigned to one of them. These
stations are discussed in more detail in Sec. 6.5.
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Table 3.1

DATA THAT ARE CONSTANT OVER NATION

Name Units Description

Constant over time

DRAIN _MAXOUT mm/year Maximum amount of drainage that can
flow directly into distribution system

DRAIN_UG mm/vyear Amount of root zone flushing for crops
grown under glass

LOAD RZ (mg/m?) /day Salt load in root zone

LOAD_8S (mg/m?)/day Salt lecad in subscil

RAIN_CONC mg/1 Salt concentration of rain

RAIN SURP mm Average annual rain surplus

SPR_EY¥F mm/ mm Sprinkling efficiency, amcunt of

sprinkling actually reaching soil
divided by amount of water sent through
sprinkling system

URBAN CF mm/ mm "Urban crop factor,' potential
evaperation from urban surface divided
by open water evaporation

URB_CONC mg/1 Salt concentration of urban runoff

VOLRZ_UG mm Volume of root zone for crops under
glass

VOL8S_UG mm Volume of subsoil for crops under glass

Varying over time

BARE CF mm,/ mm "Bare soil crop factor,” amount of water
that evaporates from bare soil, divided
by open water evaporaticn
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Table 3.2

DISTRICT DATA

Name Units Description

Constant over Time

DRAIN REG -- Index of drainage region

FLUSH_MIN m’/s Default flushing minimum

INDUST_EXT m'/s Industrial extraction from surface
water

INDUST DIS m’/s Industrial discharge into surface water

INDUST SALT mg/1 Salt concentration of discharge

URBAN_AREA ha Area of urban part of district

WATER AREA ha Area of surface water of district

WATER _VOL 1000xm? Volume of surface water of district

WEA STA -- Index of weather statiocn

Time Varying

NDAYS day Number of days in timestep

EVAP mm Open water evaporation

RAIN mm Rain
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In the highlands, there is an appreciable drainage from the subsoil
into the rivers and streams of the region. The nature of this
drainage is complicated, but an important factor is the geological
nature of the underlying aquifers. To treat such drainage, the
highlands has been partitioned into seventeen hydrologically
homogenecus drainage regions, each of which is judged to be more or
less homogeneous with respect to the geological factors affecting
drainage. Each district that contains part of the highlands has been
assigned to one of the drainage regions. The model that computes
this drainage is described in Sec. 4.1.

Urban Area. The urbanized part of a district is characterized solely
by its surface area. Two other parameters are relevent, though they
remain constant throughout the nation. The so-called "urban

crop factor" determines how much water can potentially evaporate from
the urban surfaces. The salt concentration of the urban runoff
determines how much salt is discharged from cities.

Surface Water. The area of the district containing surface water
(lakes, canals, ditches, etc.) determines the increase due to rain and
the decrease due to evaporation of the amount of such water. The
total volume of the surface water is used to determine the salt
concentration. In some places, high salt concentration of the surface
water is controlled by requiring a minimum amount of water to flow out
of the district at all times. We call this flow the flushing

minimum. In some places, there is a constant extraction or discharge
into or out of the surface water of a district, e.g., industrial
extractions. When these flows are regarded as beyond the control of
the managerial strategy and other decision rules built into DM, they
are taken as input data to DISTAG. Industrial discharges may contain
salt, so its concentration must be specified.

3.2.3. Data Characterizing Subdistricts

As explained in Chap. 2, a subdistriet is defined as a part of a
district that has a unique landform and soil characteristic.
Additional data that are associated with subdistricts are described in
this section and displayed in Tablie 3.3.

Agricultural Region. For statistical purposes, the Landbouw Eco-
nomisch Instituut (Agriculture Economic Institute, or LEI) divided

the country into 14 agricultural regions; in some places the
distinctions follow our division based on soil type and landform. Data
assembled with respect to these 14 regions have been used to estimate
sprinkling costs, and so each subdistrict has been assigned to one of
these regions. Associated with each agricultural region is a set of
numbers used te compute sprinkling costs for each kind of sprinkling and
each crop type. These computations are discussed in Sec. 4.5.

Drainage and Infiltration Coefficients and Ditch Level. 1In the
lowlands, the drainage rate is assumed to be proportional to the head
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Table 3.3

SUBDISTRICT DATA

Name Units Description

AGRI REG -- Index of agricultural regiom

BD COEF /day Coefficient of basic drainage model

BD CONST mm/day Constant of basic drainage model

DRAIN_COEF /day Drainage coefficient

DIST INDEX -- Index of district

DITCH LEVEL mm Level of ditches

GWL_INDUST mm/day Industrial groundwater withdrawals

GWL_DRINK mm/day Drinking water groundwater withdrawals

HILO CODE - Landform code (0 = lowlands, 1 = low
highlands, 2 = high highlands)

INITIAL GWL mm Groundwater level at first of year

INFIL COEF /day Infiltration coefficient

INF_RATE mm/day Loss from surface water to subsoil due
to infiltration from ditches

RZ S0IL -- Index of root zone soil type

SATCAP_RZ mr/ mm SBaturation capacity of root zZone

SATCAP_ 58 mm/ mm Saturation capacity of subsecil

SEEP_FRAC mra/ mm Amount of seepage into surface water
divided by total seepage

SEEP_RATE mm/day Seepage rate

SEEP_SALT mg/i Salt concentration of seepage

SSDEPTH mm Effective depth of subsoil

58 _S0IL -- Index of subsoil

SUP_FRAC ha/ha Fraction of subdistrict that is

suppliable from ditches
WILTPT i/ mim Wilting point (of root =zone)
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difference between the groundwater level and the ditch level. The
ditch level is held constant, while the groundwater level changes from
one decade to the next. The constant of proportionality depends on
such factors as the soil type and the spacing between ditches, and

has been empirically determined for all places in the lowlands.
Infiltration is the reverse of drainage. Normally infiltration takes
place at a slower rate than drainage, so a different coefficient has
to be specified. The ditch level, the drainage coefficient, and the
infiltration coefficient are irrelevant in the highlands, because
drainage is treated using a different model for basic drainage.

Basic Drainagge Coefficients. In the highlands, the basic drainage
rate has been assumed to be a function of the groundwater level. The
two constants determining this function have been determined for each
drainage region, for the high highlands and for the low highlands, by
a statistical analysis of measured groundwater levels. This analysis
is described in Sec. 6.4. The coefficients are irrelevant in the
lowlands, because basic drainage does not occur there.

Seepage Rate and Open Water Seepage Fracticn. In some places in the
lowlands, there is a constant flow of water upward due to pressure
differences between the groundwater level or surface water and
deeper aquifers. The seepage rate is the rate at which this flow
occurs and is assumed to be constant over the year. The open water
seepage fraction indicates the fractien of the total seepage that

flows directly to the open water. The rest of the seepage flows into
the subsoil.

Seepage 8alt Concentratjon. In those places where there is seepage
into the region and the seepage water contains salt, the concentration
of the seepage water must be specified.

Infiltration Rate. The drainage process in the highlands is modeled
by means of the basic drainage functions. In some places in the
highlands, however, water also infiltrates from canals and ditches
into the subsoil. The infiltration rate specifies the rate at which
this flow occurs. This rate, which is assumed to be a constant, is

used only in those highlands subdistricts that have access to surface
water.

Suppliable Fraction. This quantity is the fraction of the sub-
district that can be supplied with water from the national
distribution system. It indicates in what fraction of the subdistrict
the level of the ditches can be controlled. For highlands
subdistricts this is the fraction of the area to which the above

infiltration rate is applied in order to compute the infiltration
flow.

Subscgil Depth. This is an empirically determined value needed for
calculating salt concentrations in the subsoil. It is discussed in
more detail in Sec. 4.3.2.
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Industrial and Drinking Water Extractions. In some places,
industries and drinking water companies extract groundwater. These
extractions are assumed to be constant demands and are supplied as
data to our moedel.

Root Zone Soil and Subsoil Type. 8Soil types affect the amcount of
water that can be stored and the difficulty plants have in extracting
this water. Associated with each soil type is a set of soil
parameters used to control computations dependent on seil type. These
parameters are discussed in Sec. 4.1.

Landform. The three landform types were defined in Sec. 2.3.1.

3.2.4. Data Characterizing Plots

A plot is characterized by the subdistrict in which it lies, its crop,
the kind of sprinkling installed (if any), and its area. Data
characterizing pleots are listed in Table 3.4.

Several data elements characterizing a plot depend on the crop type.
Yor open-air crops, the potential evapotranspiration is determined by
multiplying the open water evaporation by a factor. This constant
facter, the crop factor, is approximately 0.8 for most crops during
the growing season and somewhat less during the rest of the year.

For glasshouse crops, potential evapotranspiration is specified as
data. The crop value is just the value of the crop, in guilders per
hectare. The root depth, which also depends on the soil type of the
root zone, is impertant for the amount of water that can be stored in
the root zone. Energy and labor costs of sprinkling depend on the
crop type, as well as the type of sprinkling and the agricultural
region in which the plot lies. Finally, associated with each plot is
a large number of parameters contrelling some of the submodels: the
plot damage model, the plot salt model, etc. These parameters are
more easily introduced when the models themselves are discussed.

3.3. COMPUTED INPUT DATA

Computed input data are not read from data files, but are supplied
either by DM or were computed for a previous decade by DISTAG and
carried forward. The latter are called initial conditions.

To each initial condition there corresponds, at the end of the decade,
a final condition, which is used as the initial condition for

subsequent computations. However, there must be supplied an "initial"
injtial condition to be used the very first time the model is applied.

In this section, we discuss each group of computed input data in turn.
A summary of the data is given in Table 3.5,
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Table 3.4

PLOT DATA

Name Units Description

Constant over Time

COST ENERGY (Dflm/mm)/ha Energy cost of sprinkling

COST_LABOR (Dflm/mm)/ha Labor cost of sprinkling
CROP_VALUE Dfl/ha Value of crop
IRR CODE -- Irrigation code (0 = unsprinkled,

1 = surface water sprinkled,
2 = proundwater sprinkled)

PLOTAREA ha Area of plot

PSI REDUCE mm Evaporation reduction parameter
ROOTDEPTH mm Root depth of crop

SUBD_INDEX -- Index of subdistrict

Time Varying

CROPFACTOR mm/ mm For open-air crops, potential
evapotranspiration divided by open
water evapotranspiration

mm/day For glasshouse crops, potential
evapotranspiration per day
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Table 3.5

COMPUTED INPUTS

Name Units

Description

Initial Condition for District

SWSALT OLD g

Initial Condition for Each Plo

Quantity of salt in surface water

t in District

GWL OLD mm
RZDEF OLD mm
SSDEF_OLD mm
RZSALT QLD mg/ 1
SSSALT_OLD mg/ 1

SURVFRAC OLD ha/ha

Provided by DM

IDIST

CUTBACK mm,/ mm
FLUSH_RED m*/s
SALTCONG mg/ 1

Groundwater level

Root zone moisture deficit
Subsecil moisture deficit
Root zone salt concentration
Subsoil salt concentration

Survival fraction

Index of district

For "request”: 1.0

For "delivery": sprinkling to be
delivered to open-air crops sprinkled
from surface water divided by amount
requested by such crops

Reduction from default flushing minimum

Salt concentration of water extracted
by district from distribution system
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3.3.1. Initial Conditions

There is one "districtwide"” initial condition for each district. For
each plot in the district, there are six initial "plot" conditions.

Salt Concentration. The districtwide condition is the salt
concentration of the surface water changes from decade to decade and
depends on the amount of salt present at the start of the decade.

Root Zone and Subsoil Deficits. Because the subsoil has no definite
bottom, we do not know how much water it contains. Therefore, we find
it convenient to measure the amount of water in the subsoil in terms
of a deficit, so that, when the deficit is zero, the subsoil is full.
The root zone does have a finite capacity, but to remain consistent,
we have chosen to measure the water in the root zone as a deficit too.

Groundwater Level. The groundwater level depends on the subsoil
deficit and the rate of capillary rise. The rate of capillary
rise is not retained from one timestep to the next.

Root Zone and Subsoil 5alt Concentrations. There is salt in both the
root zone and the subscoil, and they both change from one decade to the
next.

Burvival Fraction. The survival fraction is a parameter needed in

the damage calculation and indicates the history of the crop, i.e.,
which part of the original crop still survives at the beginning of the
decade. The survival fraction also affects potential
evapotranspiration.

3.3.2. Control Variables Supplied by DM

DM contrels DISTAG with four parameters. DISTAG has the characteristics
of all districts available but uses them only one district at a time.
DM supplies a district index to indicate the district being considered.

Becond, DM indicates the salt concentration of the water in the

distribution system at the point where the given district extracts
water.

Third, it indicates whether the computations are to be done in the
request mode or the delivery mode. It indicates the request mode by
setting a4 number, called the cutback fraction, equal to unity. It
indicates the delivery mode by setting the cutback fraction equal to
some value less than unity. When the cutback fraction is less than
unity, sprinkling of certain crops is reduced so that the total amount
of actual sprinkling, divided by the amount requested, is equal to the
cutback fraction.

Finally, DM can change the amount of flushing using a parameter called
the flushing reduction. When the flushing reduction is not zero,

the amount of flushing in the district is reduced by an amount equal
to it.
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3.4. OQUTPUTS

Outputs from DISTAG include variables returned directly to DM, final
conditions that are retained internally and carried forward to the
next decade where they are used as initial conditions, and a
groundwater level that is written on a file for later analysis. These
outputs are listed in Table 3.6.

3.4.1. Outputs Returned to DM

The model computes three water flows between the district and the
distribution system. It computes a discharge from the surface water
into the distribution system and an extraction from the distribution
system into the surface water. These two numbers may both be nonzero,
because of the necessity to flush water through the district for
quality control. In addition, an amount representing drainage
directly from the subsoil into the distribution system is computed.

DISTAG alsc gives DM some sprinkling quantities: the total amount
sprinkled, the ameunt of sprinkling drawn from the surface water, and
the amount of sprinkling drawn from the surface water that is applied
te open-air cash crops. This last term represents the amount that DM
can reduce if the extractions requested by a distriet are too great,
The model also computes the average salt concentration of the water
discharged to the distribution system.

Two other types of agricultural impacts are passed to DM, The first
type consists of the amount of aggricultural damage that occurred, due
to salt, and the total agricultural damage (salt and drought). The
second consists of the labor and energy costs of sprinkling, for each
crop type.

3.4.2, TFinal Conditions

For each initial condition described in Sec. 3.3.1, the district
agriculture model computes & final condition. This value is retained
internally until the beginning of the next decade, when it becomes

the initial condition for the new decade. There is one initial

condition for the whole district (the amount of salt in the surface
water), and there are six initial conditions for each plot in the district.

3.4.3. Groundwater

The groundwater level is not used in any way by the distribution
model. Nevertheless, for some PAWN issues it is important to know the
groundwater level. DISTAG computes the average groundwater level for
each subdistrict and writes it on an output file at the end of each

decade. Subsequently, these calculations can be studied to determine
the effect of the policy.
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Table 3.6

DISTRICT AGRICULTURE MODEL OUTPUTS

Name Units Description

Water Flows

DISCHARGE m*/s Discharge by district into distribution
system

DRAIN OUT m?/s Drainage from subsoil of district that
flows directly into distribution system

EXTRACTION m*/s Extraction by district from
distribution system

SPRINK_CUT /s Total surface water sprinkling that can
be cut back in case of water shortages

SPRINK_SW m’/s Total sprinkling from surface water

SPRINK_TOT m’/s Total amount of water consumed for
sprinkling

Salt

AVCONC sW mg/1 Average salt concentration of water
discharged from district into
distribution system

Crop Damage

SALTDAM Dfl Total salt damage in district

TOTDAM Dfl Total damage (salt and drought)

Sprinkling Costs

LABOR_COST
ENERGY COST

Dfl
Df1l

Groundwater Levels

AV GWL

Labor costs of sprinkling, per crop
Energy costs of sprinkling, per crop

Average groundwater level, per
subdistrict

NOTE: DISTAG also computes a final condition, corresponding to each
initial condition mentioned in Table 3.5. In the documentation,
these outputs are referred to by the same prefix used in Table 3.5,

followed by the suffix " NEW."

For example, SWSALT NEW, the quantity

of salt in the surface water at the end of the decade, becomes
SWEALT OLD at the beginning of the next decade.
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Chapter 4

HOW DISTAG WORKS

In this chapter we explain the theoretical background and mathematics
of DISTAG, that is, how the model works. We will not discuss details
of the computer implementation of the model. This explanation is
given in Chap. 5.

4.1. AN OVERVIEW

In this section, we show how DISTAG is used by DM, and then we cutline
its main computational steps.

4.1.1. How DISTAG Is Used by DM

The operation of DM is shown in Fig. 4.1., a figure that emphasizes
the role of DISTAG. We outline here the eight major steps shown in
that figure.

Read Geographic Data. By geographic data we mean the data that
remain constant from one decade to the next. These data describe
the districts, and control some of the submodels.

Read Timestep Data. DM reads rain and evaporation data for a
particular timestep.

Make Initial Estimates of Salt Concentrations. DM makes an estimate of
the salt concentration of the waters of the national distribution
system. An estimate of the salt concentration of the water extracted hy
the districts for agriculture is needed in order te, first, compute how
much salt damage will occur and, second, to compute the concentration of
the water discharged by the districts. The estimate made at this point
is a temporary one, however, because the actunal salt concentration may
be affected by salt from districts whose discharges have not yet been
computed.

Use DISTAG in "Request’ Mode. For every district, DISTAG determines
how much water is needed by agriculture to prevent additional damage
during the timestep. DISTAG also computes salt discharges, based on
the initial estimate described in the previous step.

Is There Enough Water? It may happen that, initially, more water is
requested than is available. If this happens, then DM must invoke
some previously specified managerial plan either to increase the
supply of water where the shortage exists or to decrease the demand
there. DM has two ways to reduce water demand by districts. First,
DM can reduce the amount of water demanded for flushing out salt.
Secend, it can reduce the demand for surface water sprinkling by
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imposing a constraint on it. This constraint is applied only te
sprinkling on open-air crops. (We assume that the demands of glass-
house crops will net be cut back, because these crops are much more
valuable than open-air crops and depend totally on irrigation. The
benefits of saving a relatively small amount of water by constraining
water delivered to these crops would be far outweighed by the costs.)
The constraint is applied only to sprinkling from surface water, of
course, DM applies this constraint by specifying a "cutback
fraction.” The total amount of surface water sprinkled on open-air
crops is then set equal to the amount coriginally requested, multiplied
by this cutback fraction.

Reestimate Salt Concentrations. At this point, DM has better
information about what extractions and discharges the districts are
making, and so it can make a better estimate of the salt
concentrations in the national distribution system.

Use DISTAG to "Deliver.' With updated estimates of salt
concentrations, and possibly some constraints on agricultural
extractions for sprinkling, DM uses DISTAG a second and last time to
compute impacts. Agricultural damages and costs of sprinkling may
change in this step: the damages may be higher and the costs of
sprinkling lower than previously because of the constraints that may
have been imposed on sprinkling by DM.

Is Year Over? If the year for which computations are being made is
not completed, then DM returns to the point where data for the next
timestep is read in, and repeats the above described steps for the
new timestep.

4.1.2. The Main Computational Phases of DISTAG

DISTAG carries out its computations in eight main steps, summarized
here and shown in Fig. &4.2.

I1f 2 Request: Bring Forward Last Decade's Conditions. As described in
Sec. 3.2, there are a number of time-varying quantities required at the
beginning of each timestep. Since DISTAG is used twice during each
timestep, it must retain the correct initial conditicns until they are
no longer needed. When DISTAG is used for a "request,” it carries
forward from the previous timestep the final state conditions computed
for that timestep, and uses them as the initial state conditions for the
present timestep, destroying the old initial state conditions. When
DISTAG is used to "deliver," it is not necessary te do this again.

If a Delivery: Constrain Flushing and Sprinkling, If Necessary. If
DISTAG is being used to deliver water, then because of some conflict
between supply and demand, DM may have decided to constrain the amount
of water available for flushing and sprinkling. If DM has constrained
flushing, it passes a variable to DISTAG indicating the amount by
which flushing should be reduced. If DM has constrained sprinkling,
it inferms DISTAG of this decision by setting the cutback fracticn.
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The cutback fraction is the total amount of sprinkling that is to be
delivered to all open-air surface water sprinkled crops, divided by
the total amount of sprinkling actually requested by such crops.
Generally, there are several plots containing such crops. Each of

these plots receives what it originally requested, multiplied by the
cutback fractiom.

Discharges and Extractions from Plots, Sprinkling Costs. As

described in Sec. 2.3.6, each district contains a number of plots, and
these plots comprise all the agriculture and nature in the district.
DISTAG first computes what extractions and discharges of water cccur
between these plots and the surface water system of the district. If
DISTAG is being used in the "delivery" mode, some of the requests for
sprinkling water may be constrained. If it is being used in the
"request"” mode, no such constraints are applied. The computation of
water discharges, extractions, and sprinkling requests are carried out
by the plot water model (PLOTWAT), described in much more detail in
Bec. 4.2, After computing the amount of water sprinkled, DISTAG
computes the operating cost of sprinkling.

Salt Flows from Discharging Plets. In the same timestep, some plots
can discharge water at the same time that other plots extract water.
In crder to accurately determine the salinity of the extracted water,
the amount of salt dumped into the district water by the discharging
plots must be known. Salt discharged from plots is computed by the
plet salt model (PLOTSLT), a model that is used again (see below) for
plots that extract water.

District Water Flows. DISTAG determines the remaining water flows
within the surface water system: urban runoff, rain inte and
evaporation from surface water, extractions from the main system,
elc,

Salt Concentration of the Surface Water. Given all water and salt
flows, DISTAG determines the salt concentration of the surface water
and, hence, the salt concentration of the water taken in by plots that
are extracting water and of the water that is being discharged into
the national distribution system.

Salt Flows to Extracting Plots. Using the salt concentration
mentioned in the previous step, DISTAG uses PLOTSLT again--this time
for the remaining plots--to update the amount of salt contained in
the soil of the plots that are extracting water from the district.

Agricultural Damage. At this point, all water and salt guantities
have been computed, so the plot damage model (PLOTDAM) is used te
determine what agricultural damage may have occurred due to salt or
drought.
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4.2. COMPUTATION OF WATER FLOWS

In this section, we explain how water flows are calculated. The main
role of DISTAG here is to compute flows (i.e., discharges and
extractions) between the district and the naticmal distribution system,
and to indicate to DM how much water is demanded for sprinkling. When
DISTAG is used to formulate a request, DM needs to know how much water
is used for sprinkling open-air crops with surface water, since this
water may be constrained by DM if there are water shortages.

In Bec. 4.2.1 through Sec. 4.2.5 we will explain the theory underlying
the water flow computations for open-air plots. In Sec. 4.2.6 we

discuss the glasshouse crops, and we conclude this section with a dis-
cussion of the water flow computations carried out on a district level.

4.2.1. Definitions and Schematization for an Open-Air Plot

For the present purposes, it helps to think of a plot as a vertical
column of soil. The surface area is not important, so to make matters
precise, let us assume the area is 1 m*. Suppose we take a slice Az
em thick, containing Aw cm of water. If this water is removed and
placed in a container of cross-sectiocnal area 1 m?, then the

moisture content O of the slice is the ratioc 0 = Aw/A=z.

Depending on the soil type, there is a maximum moisture content, called
the saturation capacity w. Generally, the moisture content is
different at different depths; it usually increases with increasing
depth, until a point is reached where the moisture content just equals
the saturation capacity. This point is called the groundwater level.
Below the groundwater level lies the saturated zone. Above the
groundwater level lies the unsaturated zcone.

Schematization of the Scil Profile. The ideas in this section are
illustrated in Fig. 4.3. The effective root zone is defined as the
top layer of soil in which the roots eof plants withdraw 80 percent of
their water. Water is stored in the rcot zone; the actual amount at
any cne time is equal to the average soil moisture content of the root
zone multiplied by the depth of the root zone.

The part of the soil profile below the effective root zone is called
the subsoil. It consists of the saturated zone and the part of the
unsaturated zone between the bottom of the rcot zone and the
saturated zone. It is impossible to estimate the smount of water
stored in the subsoil, because its depth is unknown. Instead, we
consider the subsoil deficit, defined as the amount of water that
could be added to the unsaturated zone in order to bring the
groundwater level up to the top of the subsoil.

Any place water does not completely fill the scil pores, so that the
moisture content is less than the saturation capacity, surface tension
causes a negative pressure, called suction. Where the scil is saturated,
suction is zero; as the soil becomes drier, suction increases.
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Generally, the driest soil can be found in the root zone in dry
periocds, when the suction may become so high that plants can no longer
absorb water from the soil. This limit on suction is around 16,000 cm,
for almost all kinds of plants and scils. The moisture content of the
soil when the suction is 16,000 cm is called the wilting point of the
soil. In Fig. 4.3 we give an example of a suction profile in the
unsaturated zone. (From this point on, we express suction in mm,

since this unit is standard in the computer applications of our
equations.)

We assume the suction profile in the root zone is linear and follows
the hydrostatic pressure slope, that is,

Y =Y, +x
i

b
where
Yx: Suction (mm) at a distance of x mm from
bottom of root zone
Ti: Suction (mm) at bottom of rcot zone

It follows that if the depth of the root zone is p mm, then

fo= ¥ - p/2

where ¥ is the average suction {mm)} in the root zone.

The field capacity of a soil is the maximum moisture it can hold
against the force of gravity. When the soil is at field capacity,
there is by definition no capillary flow and the soil moisture

tension curve follows the hydrostatic pressure line as shown in

Fig. &.3. This implies that the field capacity is different at
different depths and the ceorresponding suction depends on the distance
from the groundwater level.

Water Flows in an Open- Air Plot. The flows identified in this
section are shown in Fig. 4.4. Since we consider a plot with a fixed
cross-sectional area, the quantity of water in any given flow over a
fixed interval of time can be expressed as a depth.

In our model, we will use as input two quantities that depend on
atmospheric and climatic conditions:

Rain, from atmosphere into root zone.
* Potential evapotranspiration, from root zone to atmosphere.
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The remaining flows are determined by the physical processes occurring
within the plot:

Actual evapotranspiration, from root zone into atmosphere.
* (apillary rise, from subsoil into root =zone.
hd Drainage, from subscil into surface water.

Evapotranspiration, of course, always represents a flow out of the
plot. Water can flow from the root zone into the subsoil, in the
opposite direction of capillary rise. When this happens, we call
the flow root zone loss. Similarly, water can flow from the
surface water system into the subsoil, in the opposite direction
of drainage. When this happens, we call the flow infiltration.

In the "real" world, all of the quantities mentioned change
continuously with time. In addition, the rate of vertical flow of
water throughout the soil column is different at different depths, and
the rate at which the moisture content of each "slice" of the secil
column changes is different at different depths. A complete
mathematical description of this system, if one were possible, would
involve a complex system of partial differential equations whose
variables are dependent on time and depth below the soil surface.

Such a formulation is too complex for practical applications. In the

next section, we describe a much simpler situation, called the steady
state.

4.2.2. GSteady State Flows in Open-Air Plots

If during a fixed interval of time all the quantities discussed in the
previous section remain constant, we say the system is in a steady
state condition. While such a sitwation probably never occurs in

the "real" world, it is a useful approximation for short intervals
when gquantities change slowly.

We specify two atmospheric conditicons:
R: Rain {(mm/day)

EP: Potential evapotranspiration (mm/day)

Other flows depend on the physical situation:

EA: Actual evapotranspiration (mm/day)

V: Capillary rise {mm/day)

D: Drainage (mm/day)
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Finally, the "state" of the plot is determined by:

0. S0il moisture content of root zone (mm/mm)
¥: Average suction in root zone (mm)

A Moisture deficit in subsoil (mm)

¥: Groundwater level (mm)

In the "real" world, everything depends on everything else. In our
model, we make some simplifying assumptions about certain causal
relationships between the basic variables of our medel. In what
follows, we state these assumptions by writing some functional
relationships between our variables. The exact nature of these
relaticnships will be described in the next section.

Actual Evapotranspiration. Evapotranspiration depends on clima-
tological conditicns (the potential evapotranspiration), and on the
difficulty that plants have extracting moisture from the soil (average
suction in the root zone):

Ep = Ep * Fpypp(D)-

Drainage. Drainage depends on the groundwater level:

D=F 0.

DRAIN(

Suction-Moisture (pF-curve). Suction depends on soil moisture:

¥=F 9).

PSI(

Groundwater Level and Capillary Rise. Darcy's law (see, e.g., Ref.
4.1) relates the groundwater level, the soil moisture profile in the

subsoil, and capillary rise. Two functions can be derived from this
theory:

fi

¥ (&,v)

FGWL
and

V= Fopprisg V>3-

4.2.3. Using Steady State Conditions

We consider an interval & days long. Suppose that during this time
rain falls at a constant rate egual te R mm/day, and that the
potential evapotranspiration is EP mu/day. At the beginning

of the interval, we know
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0" The initial root zone soil moisture (mm/mm))
A" The initial subsoil deficit (mm)
¥°: The initial groundwater level (mm)

Our problem is to determine three water flows:

EA: The actual evapotranspiration (mm/day)
v: The capillary rise during the interval (mm/day)
D: The drainage (mm/day)

and three final conditions:

0l The final root zone soil moisture (mm/mm))
Al The final subsoil deficit (mm)
T, The final groundwater level (rmm)

Finally, we will need two parameters that describe the plot itself:
p: The root depth (mm}
ws The saturation capacity of the root zcne (mm/mm)
Mass balances and one of the functions introduced in the previous

sections allow us to calculate the final conditions from the initial
conditions and all of the water flows:

' =0+ (R+ V - EA)ﬁfp (1)

Al = A® + (V + D)& (2)
and

It = FGWL(ﬁl,V). (33

We now assume that the water flows match those of a steady state
system in which the state conditions {root zone soil moisture, subsoil
deficit, and groundwater level) are set equal to averages. That is,
we let

¢]

(0% + 8ly/2

¥

(% + I4y/2
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denote the average root zone soil moisture and groundwater level,
respectively. We then assume that if the plot had been in a steady
state condition, with constant value of the root zome scil moisture
equal te O and groundwater level egual to ¥, then the same water
flows would have been observed. If we let

then under such steady state conditions:

Ey = Ep X FpyppM) (4)

V= Foppgrrsp ) (5
and

D = Fpeyrn(®)- (6)

Our problem is therefore converted to that of solving simultaneously
the six equations Eg. (1) through Eq. (&).

4.2.4, Bpecifying the Functions

In Sec. 4.2.2 we introduced five functicnal relationships between
the steady state quantities in a plot, and in Sec. 4.2.3 we showed
how the functions will be used. We now explain how these functions
are actualiy defined.

Actunal Evapotranspiration. Water is lost from the top of the seoil
column to the atmosphere by evaporation directly from the scil surface
and by transpiration from plants. The sum of these two flows is
called evapotranspiration. The amount of actual evapotranspiratiom
cannot exceed the potential evapotranspiration. The latter quantity
is computed from input data, by multiplying the open water evaporation
rate by a time-dependent crop factor. (A correction factor used when
plants have suffered damage is explained in Sec. 5.3.1.) The actual
evapotranspiration depends on the amount of water available in the
root zone. If the suction is low enough, the rate of actual evapo-
transpiration will equal the rate of potential evapotranspiration.

But as the suction becomes higher, the actual rate will become lower
than the potential rate. Evapotranspiration totally ceases at the wilting
point, corresponding to a root zene suction of around 16,000 cm. An
impertant question is what the functional relaticonship between the
actual evapotranspiration (EA)’ the potential evapotranspiration

(EP), and the average soil moisture suction (¥) locks like. As

indicated by Minhas et al. [4.2}], the results of various studies
in this field differ considerably, so there does not seem to be a
clear answer to this question. We made the following assumptions:
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Up to a certain value of the suction (Y

)s

reduce

E, equals E

A P’

Between Y and the wilting point (Y = 16000 cm),
reduce

EA decreases linearly with the pF value of the

s0il moisture {which is the logarithm of the suction

in cm).

At the wilting point, E, = 0.

A

To express these assumptions in functional form, we write

Ex = Ep > Fpyap™
where
EA: Actual evapotranspiration (mm/day)
EP: Potential evapotranspiration (mm/day)
b Average suction in the root zone (mm)
and the function FEVAP is defined by the expression
FEVAP(Y) =1 r= ?reduce
=X < < 160000
reduce
=0 160000 <49
where
X: log(T/l60000)/10g(?reducef160000)
reduce’ A specified parameter

Figure 4.5 shows the relationship between EA;’EP and the pF

value of the soil moisture.

Drainage and Infiltration. The force of gravity acts on water in the

saturated zone, causing it to flow from places with a higher
piezometric head to places with a lower one. When this flow moves
water from the subscil into the surface water, it is called drainage.
When it causes water to leave the surface water and enter the subsoil,
it is called infiltratien. In either case, the flow is governed by a
differential equation called Darcy's law (Fig. 4.6):
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- 1

Vx =¥ x,/Kx (7)
where

X: Vertical distance from an arbitrary datum (mm)

Vx: Drainage velocity (mm/day)}

Kx: Drainage resistance (days)

Kx: Hydraulic potential (groundwater level) in (mm)

K'x: Derivative with respect to x

Sclutions to Eq. (7) define the drainage functiom:

D= Froparn®
where
D: Drainage (if positive) or infiltration (if
negative) {mm/day)
¥: Groundwater level {mm)

When drainage occurs, the resistance consists of & horizontal
component caused by the horizontal flow and a radial component when
the flow enters the surface water system. When infiltration occurs,
there is an additional entrance resistance when water from the
surface water system enters the subsoil. We can assume that
otherwise these two resistances are constant. The steady state
solution to Eq. {7) then becomes:

_ ) +
D= (¥ Xr)fk ¥ > Kr
= - - <
(¥ Kr)/k ¥ = Ir
where
+ . .
k : Drainage resistance (1/day)
k : Infiltration resistance (l/day)
Xr: Reference level (e.g., level of the surface water

system) (mm)
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This form of the drainage function is used for plots lying in the
lowlands, where the reference level is set equal to the ditch level.
The values used for resistances can be estimated on the basis of such
factors as soil type, ditch spacing, etc.

When no specific reference level can be distinguished, the steady
state solution to Eq. (7} can be written in the form:

D =a+ BY

where
o: Constant term of the drainage function (mm/day)
B: Coefficient term of the drainage function (1l/day)

This form of the drainage function is used for plots in the highlands,
where the coefficients are determined on the basis of measured
groundwater levels.

Infiltration losses from the surface water system in the highlands

are treated differently. These losses are assumed to come from that
part of the surface water system in the highlands that is suppliable
from the national system, and they are assumed to take place at a
constant rate. Hence, they are determined only by the suppliable part
of the highlands district and the infiitratien rate. They are
included as a part of the constant term of the drainage function,

(See Sec. 5.3.2.)

Suction-Moisture {pF-Curve)}. For any suction value ¥ there
corresponds a unique value of the soil moisture 0. This relation-
ship depends strongly on the seoil type, and in general it must be
empirically determined. We will demote this empirical relationship
generically by the functional notation

Y = FPSI(O).

The relationship is monotonic, and so can be inverted. We will denote
the inverse by the notatien

0= FTHETA(Y)'

The ¥-0 relation has been empirically determined for twenty soil
types [4.3]. It is called the pF-curve of the soil (pF is
loglOY). Figure 4.7 is an example.

The Groundwater Relation. Darcy's law states that when steady state
conditions hold, capillary rise is governed by the differential
eguation
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V=kMtENY () - 1) 02z <% (8)

where

¥: Groundwater level (mm) measured downward from base
of root zone

Y(z): Suction (mm) z mm above the groundwater level

k(d): Capillary conductivity as an empirically determined
function of suction ¢ (mm/day)

V: Rate of capillary rise (mm/day) in unsaturated zone (assumed
constant)

If the capillary rise V is known, and a particular value for suction,
Y, is specified, let z(¥,V) denote the distance above the
groundwater level where the suction ¥ is found. In the steady state

situation, Darcy's equation gives the following expressien for
z(¥,V):

Y
z(Y,V) = k(@)/ (k(@)+V)dv. (9)
0

Expressions for k(¢) take the following forms [4.3}. For each
soil type, four empirically determined parameters k,, o,

Y , and ¥ are given. Then,
a max

k() = < ¢ £ Ya
= kaexp(-a(¢—Ta)) ?a 2 ¢ = ?max
_ -1.4
R Tmax v

where a is the constant that makes the last two expressions equal when
v =1

max’

For this "k" function, explicit expressions can be given for z(¥,V):

z(Y,V)

Yko/ (ko+V) 0 SY<Y, (10)

It

z(?a,V)+1n(R)/u b4

1A
-
A

¥
a max
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_ 1.4
= z(Tmax)+b 5 1/(1+u Ydu Tmax < ¥
where
R = [V+ku]f[V+kuGXP(-a(Y-Ta))]
b = (afV)1/1'4

and the integral is evaluated from ?max/b to ¥/b.

It can ke seen from Eq. (9) that for a fixed value of capillary
rise V, z(¥,V) is a monotonic function of the suction VY.
Therefore, given & distance Z above the groundwater level, and a
capillary rise V, the equation

z(Y,Vv) = 2

can be solved for the suction Y. We will denote this solution by
the expression Y(Z,V).

As explained above, the soil moisture © can be determined from the
suction Y. Therefore, once we know the suction Y(Z,V)
correspending to a specified distance Z and capillary rise V, we
know the soil moisture too, which we could denote as 0{Z,V).

This defines the function FTHETA:

0@z,vy =F (Y(Z,V)).

THETA

For a fixed value V of capillary rise and a given groundwater level
¥, the moisture function O(Z,V) <can be integrated to

obtain an estimate of the total amount of water in the subsoil
between the bottom of the root zone and the groundwater level:

¥

esubsoil = J @(z,V)d=z.

0

An expression for the subsoil deficit A can therefore be written

a(v,¥) = stubsoil B G]su,bsoil

where w .,y 1is the saturation capacity of the subsoil.
subsoil

For a fixed value of capillary rise, V, this expression is monoctonic

in the groundwater level ¥. Therefore, if a subsoil deficit A is
specified, the equation
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A(V,¥) = A
can be solved to find that groundwater level ¥ which, for a
specified capillary rise V, yields the specified subsoil deficit A.

We denote the solution to this equation by the expression

¥ =F (a,V)

GWL
where
¥: Groundwater level (mm)
A: Subscil deficit (mm)
v: Capillary rise (mm/day)

The Capillary Rise Relation. From Eg. (8), capillary rise is zero
when the slope of the suction curve is equal to one everywhere, and
in this case it follows the hydrostatic curve:

Y(z) = 2z 0sz=%,

Thus, capilliary rise is zero if and only if the suction at the
base of the root zone is equal to the groundwater level, and is
therefore positive when the suction at the base of the root zone
is greater than the groundwater level.

If the suction at the base of the root zone is equal to the
groundwater level, the moisture in the root zone is at field capacity.
If the suction decreases even more (e.g., because rain exceeds
evapotranspiration), the excess must flow from the root zone into the
subsoil. We call this flow root zone loss. We do not intreduce an
additional term for this flow. Instead, we will use the variable
associated with capillary rise, but we let it take a negative value
equal in magnitude to the rate of root zone loss.

Suppose Y is the average suction in the root zone, and let

¥. =Y - p/2

1

denote the suction at the interface between the rcot zone and the
subscil. As the foregoing discussion indicates, if V denotes the
capillary rise (in the extended sense just introduced), then

V>0 if ¥, > %
i

1A
o

otherwise.
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Since z(Y,V), defined in Eq. {9), is monotonic, the equation

z(?i,V) =3 (11)

can be solved to cbtain the capillary rise associasted with the tension
Ti and groundwater level ¥.

In principle, solutions can result in positive or negative values for
capillary rise. To simplify our calculations, however, we assume that
negative capillary rise (root zone loss) is instantanecus. This means
that the root zone secil meisture never exceeds field capacity. The
rate of root zone loss is then just the difference between rain and
evapotranspiration. Hence, in this case

vV=-(R - EA).

These two expressions define our capillary rise function,

V= FoaprrsgH ¥
where
V: Capillary rise {mm/day)
¥: Average suction in the root zone (mm)
¥ Groundwater level (mm)

That is, V is the solution to Eq. (10) when Ti > ¥, and is given
by Eq. (11) otherwise.

4.2.5. Sprinkling

In order to simplify the discussion, we have so far ignored the fact
that some plots are sprinkled. We will discuss first how the
overview presented in Sec. 4.2.2 could be modified to include

sprinkling, and then we will discuss the ways in which sprinkling was
modeled.

Overview. When a plet is sprinkled, four additional water flows
need to be considered.

First of all, water that is sprinkled represents an additional input
of water into the root zone. Second, because of cracks in the soil
surface, or because sprinkled water is not uniformly distributed over
the field, some of the sprinkled water may flow directly into the
subscil. Third, when water is sprinkled, part of it evaporates into
the air before it ever reaches the root zone. The sum of these three
flows represents the fourth flow: the total amount of water that is
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extracted, either from the groundwater or from the surface water
system, for the purpose of sprinkling.

To modify our overview discussion to include sprinkling, we need to
introdunce two additional terms:

I: Rate at which sprinkled water effectively enters the
root zone (mm/day)

I _NET: Net withdrawal from subscil, including a part
that is extracted if the plot is sprinkled from
groundwater, minus the part that flows directly
back into the subsoil (mm/day). (Negative when
sprinkled from surface water.)

The discussion in Sec. 4.2.2 can be modified to include sprinkling by
adding the sprinkling term I to the rain term R in Eq. (1), and the
subsoil flow term I NET to the capillary rise term V in Eq. (1)
and Eq. (2).

Sprinkling Open~ Air Crops. DISTAG contains two different sprimkling
procedures. Either can be used.

The simpler procedure uses two soil moistunre levels, a critical level
and a target level, and an upper bound on the rate at which sprinkling
can occur. [t first computes what the scil moisture wonld be if no
sprinkling occurs. If this soil moisture is above the critical level,
no sprinkling occurs. If this scil moisture level is below the
critical level, then sprinkling is assumed toc take place at such a
rate as to bring the soil moisture up to the target level by the end
of the timestep, unless this rate exceeds the upper bound. If it dces
exceed the upper bound, the sprinkling rate is set equal to the upper
bound. To be precise, we let

= o -
unspr = ©° + (R +V - E)8/p

dencte what the so0il moisture would be if nc sprinkling occcurs.
Then we set

AMOUNT = 0 Lo <9
critical unspr
= mln(I_MAX,(Otarget - Ounspr)xpfé) otherwise
where
AMOUNT : Rate at which sprinkled water effectively enters the

root zone (mm/day)

6: Length of interval (days)



V:

Q.
Gcritical:
Orarget’

I MAX:

p:

We then define

LOSS

DOWN

where

LOSS:;

DOWN:

£':

Finally, we let

-fHA-

Rain (mm/day)

Potential evapotranspiration (mm/day)

Capillary rise (mm/day)
Initial root zone scil moisture {mm/mm))

Critical soil moisture level (mm/mm)
Target soil moisture level (mm/mm)

Maximum sprinkling rate possible (mm/day)

Depth of root zone (mm)

AMOUNT x (1l-g£)/e

LOSS x ¢’

Total rate at which water extracted for sprinkling
is lost to atmosphere or subsoil

Rate at which sprinkled water flows directly inteo
subsoil (mm/day)

Water effectively applied to root zone divided by
total water withdrawn for sprinkling

Fraction of "lost'" water that flows into subsoil

REQUEST = AMOUNT + LOSS

dencte the total amount withdrawn for sprinkling.

These quantities are related to the symbols I and I NET introduced

above:

. For all sprinkled plots,

I = AMOUNT.
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. In addition, if the plot is sprinkled from groundwater,
I NET = REQUEST ~ DOWN.

* However, if the plot is sprinkled from surface water,
I_NET = - DOWN.

This simple procedure does not take into account certain practical
considerations concerning irrigation. A farmer lacks perfect
knowledge about rain and evapotranspiration, and since it takes quite a
while to irrigate his entire field, he must decide when to start
sprinkling based on weather forecasts of a week or more. Moreover, he
is constrained by the technical capabilities of an irrigation system
that requires him to move it around his field in steps {sprinkling
relatively small sections at a time) and that limits it to a certain
capacity. The simple irrigation model treats the plot as a single,
simultaneously irrigated field owned by a farmer who knows everything
about the weather in that timestep. This procedure tends to
underestimate the amount of irrigation, the drought damage that still
cccurs, and the amount of water lost from root zone to subsoil because
of rainfall shortly after irrigation.

We have developed a more complicated sprinkling procedure that takes
these problems inte account. This procedure reproduces a detailed model
that simulates the behavior of farmers whose activities are based on
daily weather information and are constrained by practical
considerdations cencerning the operations of irrigation systems. This
detailed procedure is described in Chap. 5 of Vol. XIII. This more
complicated procedure produces the same kinds of outputs as the simpler
one described above (e.g., it computes I and I _NET). The more
complicated procedure was the one actually used by PAWN.

4.2.6. Water Flow Computations for Glasshouse Plots

Plots with glasshouse crops differ considerably from those with open-
air crops. The climate of the glasshouses is carefully contrclled.
Temperature, the supply of water, and sometimes even light are
contrelled in such a way that optimal growing conditions for the
plants are created. The soil meoisture in the glasshouses is kept
high, and capillary rise from the subsoil never occurs. To prevent
salt buildup, farmers tend to sprinkle more water than is required for
evapotranspiration, and so they flush salt from the root zome into the
subsoil.

To model the flow of water in the glasshouse plots, we made the
following assumptions:

All rain flows directly into the surface water.
¢ Potential evapotranmspiration does not depend on the "natural"
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climate, but is predetermined.

The actunal evapotranspiration is always equal to the potential
evapotranspiration.

Capillary rise never occurs.

Root zone loss (flushing) is fixed and constant over the year.
The moisture in the roct zone is constant over the year.

The moisture in the subsocil and the groundwater level are
constant over the year.

. - »

These assumptions lead to a series of simple mass balance equations.

£.2.7. Flows in and out of the Surface Water of a District

We now turn to water flows in a district other than those computed by
PLOTWAT.

Flows from Vegetation-Covered Area. In the previous section, we

showed how water flows are calculated for a single plot. These flows

are computed in units of millimeters per unit of area for the entire
timestep, and the area of a given plot does not affect the calculations.

To compute flows between the entire vegetation-covered region, which

is made up of a number of plots of different sizes, and the surface

water system, DISTAG must use PLOTWAT for each of these plots, then
convert the relevant flows provided by PLOTWAT on the basis of a
millimeter per unit of area to a volume of water (cubic meters per second),
and sum these flows over all the plots in the district.

How DISTAG works depends on whether it is formulating a "request” or a
"delivery." For a "request," there are no constraints on the amount
of water that can be withdrawn from the surface water for sprinkling.
For a "delivery," there may be a constraint, supplied by DM, on the
amount of water that can be withdrawn from the surface water for
sprinkling open-air crops. This constraint is expressed in the form
cf a so-called cutback fraction, set egqual to the total amount of

such sprinkling that DM is willing to allow, divided by the amcunt of
such sprinkling originally requested. DISTAG "delivers" this reduced
amount of water only to the plots that sprinkle open-air crops from
surface water. When this happens, PLOTWAT simply adds the reduced
amount of sprinkling to the rain, and makes computations as though the
plot were an unsprinkled one. Cutting back sprinkling has no effect
on the water flow computations of the unsprinkled plots, the plots
with crops under glass, and the plots sprinkled from groundwater.

For computing total water flows from the plots, DISTAG can use the
flows from these plots that were calculated during the "request"
phase.

In both the "request™ and the "delivery" phases, DISTAG accumulates the
relevant water flows for all the plots. In the "request" phase,

PLOTWAT is used for each plot in the district to determine these

flows. In the "delivery" phase, PLOTWAT is used again to recompute these
flows only for the plots whose sprinkling can be cut back. For
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the other plots, such flows are "remembered" from the time the
"request" was formulated, and used again.

Urban Runoff. The amount of rain falling on the urban area is

obtained by multiplying the surface area of the urban region by the
amount of rain and converting to cubic meters per second. A small
amount of evaporation is assumed to occur from the urban surfaces. It
is calculated by multiplying the open water evaporation by what we

call the urban crop factor, typically set equal to 0.2, and

converting to & volume quantity as we did for rain. Urban runoff is

the amount of rain minus this amount of urban evaporation, or the runoff
is zero if urban evaporation exceeds the rain.

Change in Surface Water Volume Due to Rain and Evaporation. The rain
falling on the surface water and the evaporation from the surface are
converted to cubic meters per second.

Main Extraction and Discharge. The computation of the main discharge
from the district to the national distribution system and of the main
extraction in the reverse direction is based on three principles.
First, the total water volume in the district must remain fixed: this
is called the principle of absolute level control. Second, the
discharge must not be less than a fixed constraint imposed by DM for
flushing. Finally, the discharge should be minimized, as long as
these first two principles are not viclated.

The amount of flushing is governed by two quantities. First, there is
a minimum flushing rate associated with each district. Second, DM
can increase or reduce this amount with a control parameter.

All of the flows to and from the surface water system are combined to
yield a preliminary change in water volume due to all causes other
than flows between the district and the national distribution system.
The main discharge is then the minimum of that required te discharge
any excess water and meet the flushing minimum. The main extraction
is what is required to keep the water volume constant.

4.3. COMPUTATION OF SALT FLOWS

When a district extracts water from the national distribution system,
salt is usually found in the extracted water. The concentration of this
salt is given to DISTAG by DM. In addition, a district has other
sources of salt: rainwater, urban discharge, seepage, etc. This sait
may be stored in the surface water for some time. It may also enter the
plots, either with water withdrawn from the surface water for sprinkling
or with water that infiltrates from the surface water directly into the
subsoil. Eventually, however, salt returns to the national distribution
system when the district discharges water, and so DISTAG must give to DM
the salt concentration of the discharged water. In this section, we
discuss how this salt concentration is computed.
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Salt is stored in both the root zone and the subsoil of the plots, and
the plot salt model, PLOTSLT, is used to estimate the salt content in
these two places for each plot in the district. A simple model is
used teo calculate salt quantities in the surface water system. It
turns out that an essentially identical mathematical formulation is
used for both the salt computations for plots and for the surface
water. We call this formulation the basic salt model, and we

describe it first. Then we show how it is applied to plots and,
finally, te the surface water system,

4.3.1. The Basic Salt Model

We consider a closed body of water over a fixed interval of time. VWe
suppose there is a constant flow of water into the system carrying
with it some salt at a fixed concentration, which mixes instanta-
neously and perfectly with the salt originally there. Some water may
leave the system carrying no salt, say as evaporation; the rest flows
out carrying some salt with it. We wish to know how much salt leaves
and how much salt is left in the system at the end of the time
interval.

The basic salt model takes as ipputs the following six variables:

W _IN Water entering the system

W_UF Water leaving the system with no salt

W_OLD Amount of water in system at start of interval
W_NEW Amount of water in system at end of interval
S5_IN Salt entering the system

8_OLD Amount of salt in system at start of interval

It determines the following two quantities:

5_NEW Amount of salt in system at end of interval
AVCONC Average concentration of water leaving system

It is sufficient to determine the salt concentration C(1) at the end
of the timestep, because then:

S_NEW = C(1)xW_NEW
AVCONC = (S_IN + S_OLD - S_NEW)/W_OUT
where
W OUT = W_QLD - W_NEW + W_IN - w_UP.
The Basic Differential Eguation. Let % be the variable denoting

time, with t = 0 at the beginning of the time interval, and t=1 at the
end. The following intermediate variables will be used:

Cit): Salt concentration at time t
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Vit): Water volume at time t

- 8{t): Amount of salt at time t, C{t)xV(t)
W DEL: Change in water volume, W NEW - W OLD
W _NET: Net volume entering, W _IN - W_UP

We know the initial salt concentration,
C(0) = S_OLD/W_OLD.

Because water flows are constant, we can write
V(t) = W _OLD + W _DELxt.

Perfect mixing implies that salt leaves the system at time t at a rate
equal to

(W_NET - W_DEL)xC(t).

Hence, the rate of change of the volume of salt is given by the
differential equation

S'(t) = S IN - (W DEL - W _NET)xC(t).

Now, since

3'(t) = V' (£)xC(t) + V{t)xC' (L)

it follows that

C'(t)xV(t) = §_IN - (W _DEL-W NET)xC(t) - W DELxC(t).
This gives us our basic equation

C'(t) = [S_IN -~ W NETxC(t)]/[W OLD + W DELxt].

The equation is separable and the solution is elementary. There are
four cases to consider, and we give the solution in each case.

Case 1: W NET #0, W DEL #0.

C(t) B(t)xC(0} + (1-B{t))=x5_IN/W NET
where

(W_NET/W_DEL)

I}

B(t) = [W_OLD/V(t))
Case 2: W_NET = 0, W DEL #0.

C(t) = C(0) - 1n(V(t)/W_OLD)xS IN/W DEL.
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Case 3: W NET # 0 W_DEL = 0.

C(t)

E(t)xC(0) + (1-E(t))xS_IN/W_NET

where

E(t) exp{-txW_NET/W_OLD).

Case 4: W NET = 0 , W DEL = 0.

C(t) = C(0) + txS5 _IN/W _OLD.
A Simple Expression for C(1). For our purposes, we need only the
value for C(1), the concentration at the end of the timestep. The

four solutions above can be combined in a fairly simple way to obtain
the following.

Define X by

X

in(W_NEW/W_OLD)/W_DEL if W DEL # O
1/W_OLD otherwise.

Define Y by

Y

[1 - exp(-XxW NET)]/W NET if W NET # 0
= X otherwise.

Then

C(1) = ¥x5_IN + (1-YxW NET)xC(0).

4.3.2. Salt Computations for Plots: PLOTSLT

The plot salt model, PLOTSLT, is a model of the salt flows for a
particular plot. It uses the water flow computations of PLOTWAT with
varicus salt inputs, described in more detail below, and computes salt
concentrations of:

b The water in the root zone
The water in the subsoil
. The water that drains from the subsoil

PLOTS5LT is used by DISTAG twice. First, it is used to compute
discharges of salt from plots that are discharging water into the
surface water system. Second, after DISTAG has computed the salt
concentration of the surface water system, PLOTSLT is used tc compute
the salt concentrations in the soil for plots that are extracting water
from the surface water system. It sometimes happens that a plot
extracts and discharges water at the same time. In such a case, PLOTSLT
is used twice for the same plot. The results of the computations of



-73-

PLOTSLT are alsc used by the plot damage model, discussed later, to
determine salt damage.

PLOTSLT proceeds in two steps. First, it computes salt flows to and
from the root zone, and then it computes salt flows to and from the
subsoil. In principle, salt can flow from the subsoil to the root
zone with capillary rise. Because generally a substantial freshwater
layer builds up in the winter season, the salt in the subscil (e.g.,
because of seepage) will hardly ever reach the root zone. The
assumption therefore is that capillary rise carries ne salt. This
means that for most plots salt cannot be transported from the subseoil
to the root zone, and the two-step computation, first for the root
zone, then for the subsoil, is perfectly valid. The one exceptien
involves plots that are sprinkled by using groundwater: the water
extracted from the ground in fact carries salt with it, so there is an
interaction going both ways between the root zone and the subsoil.
However, in places where groundwater sprinkling takes place, the salt
concentration of the subscil is low relative to concentrations that
cause damage to crops; therefore this contribution to the salt in the
root zone is neglected.

PLOTSLT treats glasshouse crops quite differently from open-air
crops--in fact, PLOTSLT is actually two different models, one for each
of these two groups of crops.

Open-Air Crops. Tor crops grown in open air we assume that the water
volumes in the root zone and the subsoil are completely mixed and that
therefore the basic salt model described in Sec. 4.3.1 can be used.
PLOTSLYT uses it twice, first for the root zone, then for the subsoil.

For the root zone, the water flows are those computed by PLOTWAT.
Salt enters the root zone along three paths. First, rainwater has a
mild salt concentration. Second, there are exogenous sources of salt
not connected directly to any inflow of water (e.g., from fertilizer
and pesticides). Finally, if the plot is sprinkled using surface

water, salt enters with this water at a concentration provided by
DISTAG.

The basic salt model determines the amount of salt in the root zcne at
the end of the timestep and the average concentration of the salt

leaving the root zone. The former value is used to compute the final
root zone salt concentration, and the latter to compute the concentration
of the root zone loss, which is used subsequently in the calculation

of salt flows in the subsoil.

PLOTWAT computes water flows in the subsoil, just as it did for the root
zone. Consistent with the assumption implicit in the root zone
caleulation that no salt is introduced when sprinkling from groundwater,
we assume that no salt is carried from the subsoil by the water

for this kind of sprinkling. Salt enters the subsoil from the root zone
via root zone loss, at the concentration calculated during the root zone
phase of PLOTSLT. Salt enters the subsoil via infiltration from surface
water of the district at a concentration equal to that determined by
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DISTAG. Salt also enters in seepage and as an exogenous load. The
exogencous load that goes directly to the subsoil accounts for diffuse
loads like salt used for ice abatement on roads. Eventually such salt
ends up in the surface water system via verges alongside the road and
from drainage out of the subscil. Our way of handling the load ensures
that the real phenomena are represented reasonsably, although there is no
actual physical meaning to it.

In order to compute salt concentrations, the model must assume a subsoil
volume. Based on empirical findings with respect to the response time
of the system, a limited top layer of the subsoil was specified to
represent the "active" volume, i.e., that part of the subsoil where salt
is stored.

The basic salt model determines the amount of salt in the subsoil at
the end of the timestep and gives the average salt concentration of
the water draining into the surface water system.

Glasshouse Crops. There are several reasons why a more accurate
modeling of the salt flows in the glasshouse plots is required:

* Glasshouse crops are sprinkled contimuously throughout the
year.
They are more sensitive to salt.
They have a higher value (per unit of area) than open air
crops.

. Most are located in lowland areas with rather high salt
concentrations in the surface water.

Glasshouse crops get their total water supply from sprinkling, the
most important source of salt for the root zone. This leads to an
accumulation of salt in the rcot zone. Farmers try to prevent this
accumulation by flushing the root zone, i.e., by sprinkling more water
than is required for evapotranspiration by the plants. The simple
approach described in the previous section that we adopted for open-
air crops would lead to a very high concentration of salt in the root
zone of glasshouse crops. This high concentration would be caused by
the assumption that the outflowing water of the root zome takes with
it salt at a concentration equal to the average concentration of the
root zone. In fact, there exists a distinct gradient of salt in the
soil profile. The concentration is low at the top and equal to

that of the sprinkling water. It is up to several times higher at the
bottom. The concentration of the ocutflowing water is actually that of
the bottom of the root zone.

We assume that the salt profile in the root zone of glasshouse crops
is of the form (see Fig. 4.8):
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sX = Sof(l—x(l-LF)) (12)
where

S : The salt concentration at a fraction x of the

depth cf the root zone below the soil surface, in mg/1
LF: A leaching fraction

The leaching fraction is defined as the amount of flushing water
(flowing from the root zone to the subsoil) divided by the total
amount of water applied. We assume that the amount of flushing water
is constant over the year, while the amount of irrigation water
changes considerably.

By integrating Eq. (12) over the root zomne, it follows that

Average salt concentration = S0 x In(LF)/(LF-1).

This expression gives a more realistic estimate of the outflowing salt
from the reot zone of glasshouse crops.

4.3.3. 8Salt Flows in the Surface Water

The basic task of DISTAG described here is to take the amount of salt
in the surface water at the beginning of the timestep and to compute
the amcunt of salt in the surface water at the end of the timestep, as
well as the average concentration of any water extracted from the
district. This concentration is required by DM so that it can
estimate the salinity of the water of the national distributicn
system.

In computing salt flows in the surface water system, DISTAG uses
FLOTSLT twice, first to determine discharges of salt from the
vegetation-covered area, and last to allow PLOTSLT to compute the salt
concentrations in the s0il of plots that are extracting water.

Between these two applications of PLOTSLT, DISTAG uses the basic salt
model described in Sec. 4.3.1 to determine the salt concentration of

the district's surface water. We organize our discussion arcund these
three tasks.

Discharges of Salt from Plots. The drainage from plots inte the
district's surface water system may contain salt. The amount of salt
coming from a particular plot depends on the salt concentration of the
subsoil of that plot. DISTAG uses PLOTSLT for each plot actually
draining into the surface water system to determine this
concentration.
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In some districts, water seeps directly into the surface water

system of the district, without first passing through the subsoil of
any plot. The input data to DISTAG includes a fraction that indicates
what part of the total seepage into the district flows directly inte
the surface water of that district. Since seepage typically contains
salt, we use this fraction to estimate the amount of salt that is

so carried into the surface water system of the district.

In the exceptional case where a plot both extracts and discharges
water in the same timestep, we assume that within this timestep
the salt concentration of the extracted water does not affect the
salt concentration of the drainage.

Salt Concentration of the Surface Water. Having determined how much
salt is entering the surface water from the plots, DISTAG uses the
basic salt model to determine the average concentration of any water
that is flowing out of the surface water system; it alsoc determines
the amount of salt left there, which is carried forward teo the next
timestep.

Extractions of 8alt by Plots. Having determined the average salt
concentration of any withdrawals of water from the surface water

system, DISTAG then goes through those plots in the district that are
extracting water from the district, and uses PLOTSLT to update the

salt concentration cf the root zone and the subsoil., For this use of
PLOTSLT, the salt concentration of the district water is important,

but it has just been calculated. These calculations are not relevant

to the salt concentration of the district water for the immediate
timestep. They are important for subsequent timesteps, and they are also
needed to determine salt damage.

4.4, AGRICULTURAL DAMAGE

DISTAG determines two types of crop damage: that due to drought and
that due to excess salt in the root zone. In this section, we will
discuss how these crop damages are calculated. We first discuss
PLOTDAM, which ceomputes damages for a particular plot. We then
discuss how PLOTDAM is used by DISTAG to accumulate damages for a
whole district,

We need to define two terms. On any plot, the potential annual yield

is the annual yield that would be realized on that plot if there were no
salt or drought damage. As most crop types are aggregates of many
individual crops, physical units do not necessarily have a logical
interpretation, so the potential annual vield for any plot is expressed
as a crop value, in Dutch guilders.

In any particular timestep, the crop at risk is defined as the

crop that can potentially still be damaged sometime before the end

of the growing season. The value of the crop at risk may be less than
the potential annual yield, for two reasons.
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First, crops grow over time, and in any timestep, especially late in the
growing season, a fraction of the crop may have already been formed;
hence a fraction of the potential annual yield may have already been
earned. A good example is grass. During the growing season grass is
formed continuously. Halfway through the growing season, half the

grass has already been produced, and hence only half the annual yield can
possibly be damaged. To account for the time-dependent production of
each crop, a time series of potential yield fractions is supplied as
data for each crop. For each timestep, the potential yield fraction
cerresponding to a given crop is the fraction of the crop that normally
remains to be produced, assuming no damage occurs.

Second, the value of the crop at risk may be less than the potential
annual yield because in some previous timestep some part of it was lost,
due to drought or excess salt.

4.4.1. Computing the Drought Damage Fraction

Drought damage on a plot is estimated by computing a drought damage
fraction--the fraction of the crop at risk that is damaged because of
drought, independent of any salt damage that might also occur.

We assume that the drought damage fraction depends on the ratioc of
actual evapotranspiration to the potential evapotranspiration:

RATIO = EA/EP.

This ratioc is always between 0 and 1. When it is equal to 1, we
assume that the crop gets all the water it needs, so that production
is optimal and damage is zero. As the ratio decreases, the crop
receives less and less of the water it requires, and production
decreases, so damage increases. We assume that the drought damage
fraction is a piecewise linear function of RATIO, given by the
following expression:

DDF = 0 RATIO

Il
=

RD¥*(1-RATIO)}/ (1-RP) RP < RATIO

A
o

RD + (DD-RD)*(RP-RATIO)/{(RP-DP) DP £ RATIO < RP
= DD RATIO < DP

where
DDF: Drought damage fraction

RD, RP, BPD, DP: Input parameters, defined below.
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The nmature cof the drought damage fraction is different over three
different ranges for RATIO (see Fig. 4.9). We discuss each in turn.

Mcoderate Damage. When RATIQ is less than 1, but greater than the
input parameter RKP, called the reduction point, we assume the damage
is moderate. The damage fraction is set equal to zero when RATIO is
one, and it is set equal to the input parameter RD when RATIO equals
RP. When RATIO is between 1 and RP, the damage fraction is linearly
interpolated between 0 and RD. The damage is only "moderate' because
the damage does not lead to additional production losses in subsequent
timesteps, provided there is enough water during those timesteps. The
parameter RD is called the reduction damage.

Haximum Damage. When RATIC is less than the input parameter DP,
called the death point, maximum damage occurs. The drought damage
fraction is set equal to the input parameter DD, called the

death damage. The crop is damaged to such an extent that no further
producticn can take place, if the timestep considered is long enough.

Severe Damage. When RATIO is between RP and DP, the damage fraction
is linearly interpolated between RD and DD.

The Parameters. Different crop types are susceptible to damage in
different ways; therefore we can specify a different set of damage
parameters for each crop type.

The drought damage fraction is computed each timestep. The
susceptibility of a particular crop te drought changes over time. A
crop has a specific growing season, so it cannot be damaged outside of
that season. Some crops have specific drought sensitive periods, and
during these periods the same degree of drought will have more severe
consequences than at other times of the year. Because of the
time-varying nature of crop damage, different damage model parameters
can be provided for each timestep.

4.4.2. Computing the Salt Damage Fraction

Salt damage on a plot is estimated by computing a salt damage
fracticon--the fraction of the crop at risk that is damaged because of
excess salt, independent of any drought damage that might also occur.

We assume that the salt damage fraction is a piecewise linear
function of the salt concentration in the root zone. It is given by
the following expression (see Fig. 4.10):

SDF = 0 RZSALT < MIN
= SD¥*(RZSALT-MIN) MIN £ RZSALT < MAX
=1 MAX < RZSALT
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Fig. 4.9--Drought damage fraction as a funection of EAIEP
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Fig. 4.10--Salt damage fraction as a function cof the root
zone salt concentration
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where
SDF: Salf damage fraction
RZSALT: Concentration of salt in roct zone
MIN, SD: Specified parameters
MAX = MIN + 1/SD.

The model is based on the notion that no damage occurs as long as the
concentration of salt in the root zone is below some critical level
(MIN), but that damage increases linearly with this concentration for
higher values.

Only two parameters, MIN and SD, are required to specify the above
function. They depend on crop type, but are assumed not to depend on
the timestep, since the susceptibility of a plant to salt damage does
not depend on the stages of growth of the plant.

4.4.3. Computing the Total Damage Fractiom

In the model, the part of a crop damaged by salt cannot be damaged by
drought, and vice versa. Therefore, damages computed for drought and
salt cannot be simply added. Instead, the salt damage fraction is
applied to the total crop "at risk" to compute salt damage, and then the
drought damage fraction is applied to the remainder (the part of the
crop "at risk” that was not damaged by salt). Total damage is the sum
of these two damages. Of course, the order in which the two damage
models are applied is irrelevant with respect teo total damage. However,
it should be remarked that the simultaneous occurrence of salt and
drought damage is rare. Typically, drought damage occcurs if a crop is
unsprinkled, and because sprinkling from surface water is the major
source of salt in the root zone, unsprinkled crops are rarely damaged by
salt. Conversely, sprinkled crops are rarely damaged by drought.

The total damage fraction is derived from the drought damage fraction
and the salt damage fraction by the formula:

TDF = SDF + (1-SDF)*DDF

where TDF represents the total damage fraction.

4.4.4. Applying the Damage Fractions

Information about the cumulative damage to each plot is carried
forward from one timestep to the next. This information is contained
in the so-called survival fraction, set equal to the fraction of the
total crop that still survives at the end of each timestep. For each
timestep, we determine the crop at risk by multiplying the potential
annual yield by the survival fraction, then by the current value of
the potential yield fractiom.
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Using the outputs of the plot water and salt models, the salt, drought,
and total damage fractions are computed as described above. The value
of the crop at risk is then multiplied by the salt damage fraction and
the total damage fraction to obtain the salt damage and the total
damage. The survival fraction is then updated and carried forward to
the next timestep.

4.4.5. Computing Agricultural Damage in a District

PLOTDAM computes salt and total damage for each plet, in terms of
guilders per hectare. It uses output from PLOTWAT and PLOTSLT. DISTAG
computes district agricultural damage after it has used PLOTWAT to
compute water flows, and PLOTSLT to compute salt concentrations. By
using PLOTDAM to compute damages for each plot and summing the plet
damages over all plots in the district, DISTAG computes total salt
damage in the district (in guilders), and the total agricultural damage
due to both salt and drought.

4.5, (OST OF SPRINKLING

DISTAG computes the total amount of money spent sprinkling each crop
in the district, broken into two cost components, labor and energy.
The costs of sprinkling depend on the sprinkling system that is used,
which in turn depends on a number of other factors such as crop type,
area of the sprinkled field, scurce of the sprinkling water, etc. In
a separate analysis, described in Vol. XIII, sprinkling cost
parameters have been determined for each pleot to take inte account
these various factors. DISTAG uses two coefficients for each plot.
The first is the labor cost of sprinkling, in units of guilders per
millimeter of sprinkliing, per hectare of land. The second is the
energy cost of sprinkling water, in the same units. DISTAG simply
multiplies the amount of sprinkling on each plot by these numbers,

then by the area of the plot, and sums over all sprinklied plots in the
district.

4.6. GROUNDWATER LEVELS

DM deoes not use groundwater levels, but for some PAWN purposes, it is
desirable to be able to analyze what happened to groundwater levels,
after a DM run has been completed. To make such analyses, DISTAG
writes a file of groundwater levels. Records are written on this file
at the end of each timestep, when DISTAG is used in the "delivery"
mode .

Groundwater levels are computed by the plot water model, PLOTWAT, and
a separate groundwater level is retained for each plot. DISTAG
computes the average groundwater level in each subdistrict. This
average is the weighted average of the groundwater level in each plet
in each subdistrict, weighted by the area of the plot.
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Chapter 5

COMPUTER IMPLEMENTATION OF DISTAG

Before a mathematical theory can be programmed into a computer, it has
to be translated into mathematics that is compatible with what the
computer can do. For example, if the theory contains a differential
equation, a numerical technique must be devised that allows the
computer to solve the equation. We call this step implementation,

and we distinguish it from programming, which involves translating

the implementation into some computer language (e.g., FORTRAN or

PL/I). The present chapter is devoted to discussing the implemen-
tation, in the sense just described, of the theory presented in Chap. 4.

This chapter will be of interest to readers concerned with the general
problem of implementing mathematical theories, particularly hydrologic
cnes, and to those who need to understand the models described here at
the source code level, either because they plan to modify these
programs or because they are writing similar ones.

We begin by reviewing the models and their interrelationships. We
then discuss how the models communicate, and in particular, we outline
how the data were structured internally and how certain variables are
carried forward from one timestep to the next. Then, we discuss each
of the models in turn.

5.1. THE MODELS IN CONTEXT

The four models described in this volume are:

* The District Hydrologic and Agriculture Model (DISTAG), which
computes water and salt balances, crop damage, sprinkling
costs, etec., for single districts.

* The plot water model (PLOTWAT), which computes water flows for
a single plot,

. The plot salt model {(PLOTSLT), which computes salt flows for a
single plot.

. The plot damage model {(PLOTDAM), which computes crop damages
due to drought or salinity for a single plot.

DISTAG does not stand by itself, but is used as a subroutine by other
programs. In particular, it is used by the Distribution Model (DM},
which simulates the surface water distribution system for the entire
nation and is described in Vol. XI. DISTAG is also used by the
demand generator (DEMGEN), described in Sec. 5.6.3. New programs
could be written that use DISTAG as well.
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DISTAG uses the three plot models as subroutines. The interactions
between the district and its plots, across time and within a decade,
are controlled by DISTAG, and the data elements and other variables
required by the plot models are provided by DISTAG. In the next
section, we will briefly describe some aspects of the flow of data
between DISTAG and the plot models.

5.2. DATA FILES AND COMMUNICATION BETWEEN THE MODELS

5.2.1. Input Files

DISTAG requires 16 input files, containing all the climatologic,
geographic, and location-dependent data, and the parameters of the
various submodels. WNo data have been permanently built into the
programs themselves. The 16 files are:

FILE NAME DESCRIPTION

CFACFIL Crop factors

COEFFIL Parameters for soil moisture relationships
COSTFIL Sprinkling costs

DAMFIL Parameters of the damage model

DISTFIL District data

DRANFIL Parameters of the basic drainage functions
ESFILE External supply

PLOTFIL Plot data

PSIFIL S0il moisture tension values

RDEPFIL Root depths

SCAPFIL Capillary rise function parameters

SOILFIL Soil parameters

SPRFIL Sprinkling model parameters

SUBDFIL Subdistrict data

SUB2FIL Infiltration data

VALUFIL Crop values

These files are described more thoroughly in Chap. 6.

5.2.2. Data Element Associations

Many of the variables contained in these files have been given names in
Chap. 3, particularly in Tables 3.1 through 3.4. We will use these

names consistently in this chapter, to show logically how computations
flow from one model to the next.

In Chap. 3, we grouped the data according to geographical levels. For
example, since subdistricts were defined partly on the basis of scoil
types, we associated soil parameters with subdistricts. In the
computer implementation of the model, however, the situation is
somewhat more complicated.
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For example, only 16 root zomne/subsoil combinations are used by PAWN,
even though there are 143 subdistricts. While it would have been
possible to associate a different set of soil parameters with each
subdistrict, because only 16 combinations were actually used, many of
these combinations would have been repeated. We found it easier to
handle the data, and we saved space, by associating soil type indexes
with each subdistrict. We then read in the soil parameters from
separate files that contained one record for each soil type. When we
needed to know the value of some scil parameter for a particular
subdistrict, we used the soil type index associated with that
subdistrict to "look up" the desired parameter in the row of the matrix
containing the parameters of the corresponding soil type.

This feature is not essential for an understanding of our models., We
mention it here for the benefit of readers who may wish to consider
such fine details, and inspect the source code itself.

Associated with a district is cone variable (the salt concentration of
the surface water) that must be carried forward at the end of each
decade's computation, to be used as an initial condition at the
beginning of the next. Associated with each plot are six such
variables (see Table 3.5 and the note to Table 3.6). In our
discussions, we denote each initial condition by adding the suffix
“OLD"; thus, the initial surface water salt concentration is denoted
by the symbol SWSALT OLD. The final condition is likewise denoted by
adding the suffix "NEW"; thus, the final surface water salt
concentration is denoted SWSALT NEW,

At the beginning of each decade, the final conditions from the
previous decade must be carried forward. The salt concentration

of the surface water of a district is carryved forward by executing
the instruction:

SWSALT OLD = SWSALT_NEW,

Instructions are included in DISTAG to correctly carry forward these
district and plot wvariables at the appropriate time. To make the
discussion that follows easier to understand, we will not mention this
fact every time it might be appropriate to do so.

5.3. THE PLOT WATER MODEL (PLOTWAT)

In this section, we explain the implementation of the plot water model.
We list the inputs to PLOTWAT in Table 5.1. Two of these inputs are
specified by DISTAG to indicate whether sprinkling is to be calculated
(the "request" mode) or has already been specified (the "delivery"
mode). The interpretation of these variables is given in Table 5.2.
The outputs from PLOTWAT are displayed in Table 5.3, and subsequent
sections of this report will show how these outputs are used by DISTAG
and the other models.
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Table 5.1

INPUTS TO THE PLOT WATER MODEL

Name Units Description
Fixed Data
BARE CF 1om/ mm Bare soil "crop factor”
BD_COEF /day Basic drainage ccefficient
BD_CONST mm/day Basic drainage constant
CROPFACTOR mm/mm,mm/day  Crop factor
DITCH LEVEL mm Level of ditches
DRAIN COEF /day Drainage coefficient
DRAIN_UG mm/year Drainage from glasshouse crop subsoil
DRAIN MAXOUT  mm/year Maximum drainage to distribution system
EVAP mm Open water evaporation
GWIL,_DRINK mm/day Drinking water withdrawals
GWL_INDUST mm/day Industrial withdrawals
INF RATE mm/day Infiltration rate
INFIL COEF /day Infiltration coefficient
INITIAL GWL mm First-of-year groundwater level
NDAYS Number of days in decade
PSI REDUCE mm Evapotranspiration reduction parameter
RAIN mm Rain
ROGTDEPTH mm Koot depth
SATCAP RZ mm/ mm Saturation capacity of root zone
SEEP _RATE mm/day Seepage
SEEP_FRAC mm/ min Fraction of seepage to surface water
SPR_EFF mm,/ mm Sprinkling efficiency
SPR_EVAP mm/ mm Fraction lost due to evaporation
SUP_FRAC ha/ha Suppliability fraction
WILTPT mm/ mm Wilting point

Passed by DISTAG

SPRINK_ALLOW
SPRINK_INDEX

mm

Sprinkling applied if "delivery"
Sprinkling code

Computed Previous Decade by PLOTWAT

GWL_OLD
RZDEF_OLD
SSDEF_OLD

LI ¢¢)
mm
mm

Initial groundwater level
Initial root zone deficit
Initial subsoil deficit

Computed Previous Decade by PLOTDAM

SURVFRAC_OLD

mm/ mm

Initial survival fraction
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Table 5.2

HOW DISTAG CONTROLS PLOTWAT

Name

Units

Description

SPRINK_ALLOW

SPRINK INDEX

mm

Set to zero for "request."

Set to CUTBACK x SPRINKLE for "delivery."

(CUTBACK suppliled by DM, SPRINKLE
previcusly computed by PLOIWAT during
"request.")

Set to sprinkling code for "request.”
(0 if uvunsprinkled, 1 if sprinkled from
surface water, 2 if sprinkled from
groundwater.)

Set to zero for "delivery.”

Table 5.3

OUTPUTS FROM THE PLOT WATER MODEL

Name Units Description
Water Flows
AVAP m Actual evapotranspiration
CAPRISE ram Capillary rise
DRAINAGE mm Total drainage from subsoil
DRAIN SwW mm Drainage to surface water
DRAINOUT mm Drainage to distribution system
INFILT mm Infiltration into subseil
RZLOSS mm Downward flow, root zone to subsoil
PVAP mm Potential evapotranspiration
SEEPAGE 88 mm Seepage to subsoil
SEEPAGE_BW mm Seepage to surface water
SPRINKLE mm Sprinkling
SPRINK_LOSS mm Total sprinkling losses

Initial Conditions fer Next Decade

GWL_NEW
RZDEF_NEW
SSDEF_NEW

mm
mm
mim

Final groundwater level
Final root zone deficit
Final subscil deficit
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PLOTWAT contains twe submodels. The first computes water flows for
plots containing crops grown in open air (including "nature'), the
second for crops grown under glass. The submodel used for crops
grown in open air is explained in Secs. 5.3.1 through 5.3.4. The
submodel used for crops grown under glass is explained in Sec. 5.3.5.

The plot water model for open-air crops is complicated. To make it
easier to understand, we treat in a separate discussion what we call
the core computations. By describing these computations as a
separate model, we isolate the mathematical complications from the
hydrologic ones.

To make the formulas used by the core computations easier to read, we
adopt a more compact notation. In Sec. 5.3.1 we explain how the "ipput"
variables of the core computations are defined using the plot water
model inputs displayed in Table 5.1, and then how the results of the
core computations are translated into the cutputs from the plot water
model, displayed in Table 5.3.

The core computations use six functions introduced in Sec. 4.2. We
will call these the core functions. They are:

. The evaporation function F

EVAP
. The drainage function FDRAIN
* The suction function FPSI
. The moisture function FTHETA

*+ The groundwater function FGWL

. The capillary rise function FcAPRISE

The core computations also use outputs from the sprinkling procedure,

In Sec. 5.3.2 we explain how these six functions are implemented, and
how the sprinkling procedure is used. 1In Sec. 5.3.3 we give an overview
of the core computations, and in Sec. 5.3.4 we go into the details.

5.3.1. Variables Used by the Core Computations

Among the variables used by the core computations are those that can
be called inputs, and those that can be called ocutputs. These
variables are listed in Table 5.4. The inputs are derived from the
inputs to the plot water model, the outputs are converted into outputs
of the plot water model.

Inputs. Table 5.5 shows how the inputs to the core computations are
set. The core computations use the root zone soil moisture content.
PLOTWAT keeps track of the soil moisture by retaining the root zone
moisture deficit {equal to the capacity of the root zone minus the
actual root zone soil moisture content).
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Table 5.4

"CORE" GOMPUTATIONS: INPUTS AND OQUTPUTS

Name Units Description
Inputs
Fixed Data
p mm Depth of root zone
w mm / mm Saturation capacity of root zone
¥, mm Groundwater level at start of year

1

Initial Conditions

A mm
ok mm/ mm
A° mm

Other Inputs

& days
R mm/day
EP mm/ day

From Sprinkling Model
I mm/day
I NET mm/day

Final Conditions

¥t mm

1 mm/ mm
Al mm
Flows
EA mm/day
Vv mm/day
D mm/day

Groundwater level
Root zone soil moisture content
Subsoil deficit

Length of interval
Rainfall
Potential evapotranspiration

Sprinkling applied root zone
Net subsoil extraction due to sprinkling

Outputs

Groundwater level
Root zone soil moisture content
Subsoil deficit

Actual evapotranspiraticon

Capillary rise
Drainage
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Table 5.5

SETTING INPUTS TO "CORE" GOMPUTATIONS

Equations:

Initial Conditions

¥° = GWL_OLD
0° = SATCAP - (RZDEF_OLD - BARE EVAP x NDAYS)/ROOTDEPTH
A® = SSDEF_OLD

Other Variables

6 = NDAYS
w = SATCAP RZ
Flows

R = RAIN/NDAYS

EP = EVAP x CROPFACTOR x SURVFRAC_OLD / NDAYS

I,I_NET are obtained from sprinkling model
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We adjust the potential evapotranspiration te account for the fact
that when crops die, they evaporate less water. We multiplied the
potential evapotranspiration by the survival fraction to estimate the
evapotranspiration from plants, and then assumed that the land covered
with dead plants would evaporate water at a rate defined by the "bare
soil crop factor,” a data element built into the program. We

treat the computations as though this evaporation occurs at the
beginning of the timestep, rather than attempting to calculate it
simultaneously with other factors (which would invelve a "feedback"
because the amount of water affects the amount of damage, and vice
versa). Because the amount of evaporation from bare soil is small
when potential evaporation is large, the error incurred is small.

Outputs. Table 5.6 summarizes how the outputs from the core
computations are used. We make a distinction between drainage that goes
directly to the national distribution system (DRAINOUT) and drainage
that flows into the surface water system of the district (DRAIN_SW).

The former flow represents a deep groundwater flow that eventually ends
up in the bigger streams and rivers.

5.3.2. Implementation

In Sec. 4.2.1 we outlined the theory behind the functions needed
by our model. We now describe how these functions are implemented.

Actual Evapotranspiration. The evapotranspiration function is
implemented exactly as it is described in Sec. 4.2.4. Table 5.7
gives details.

The Drainage Function. Because of some added hydrologic compli-
cations, the drainage function described in Sec. 4.2.4 contains some
extra details. It is displayed in Table 5.8. A different expression
is used for the lowlands from the one used in the highlands. From the
point of view of the core computations, drainage is considered to
consist of all water leaving or entering the saturated zone except for
flows between the subsoil and the root zone (capillary rise, root zone

loss, water withdrawn for sprinkling, etc.). Flows added to the "real”
drainage are

The fraction of seepage that goes into the subsoil.
Groundwater extractions for drinking water companies
and industry.

. Infiltration from surface water (in the highlands}.

In contrast to the "real" drainage, these added flows are all constant

over time and are determined only by data inputs. They are explained
in Sec. 3.2.3.

The Meisture Function. For any particular soil type, the seil
moisture content at a given place is related to a corresponding value
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Table 5.6

COMPUTATION OF PLOTWAT OUTPUTS FOR OPEN-AIR CROPS

Equations:

Water Flows

AVAP = EA
CAPRIBE =V if V > 0
=0 if v£290
DRAINAGE = D
DRAINOUT = min(DRAINAGE ,NDAYS x DRAIN MAXOUT/365)
DRAIN_SW = DRAINAGE - DRAINOUT
INFILT = NDAYS x INF_RATE x SUP FRAC
PVAP = EP
RZLOSS = 0 if V > 0O
=Viv Vs
SEEPAGE_SS = NDAYS x SEEP_RATE x SEEP OW FRAC
SEEPAGE_SW = NDAYS x SEEP_RATE x (1-SEEP_OW_FRAC)
SPRINKLE = 1

SPRINK_1.08S = I x (1-5PR_EFF)/SPR_EFF

Final Conditicns

GWL_NEW = 7!

RZDEF NEW

{SATCAP - 8') x ROOTDEPTH

SSDEF NEW = Al
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Table 5.7
IMPLEMENTATION OF THE CORE FUNCTION EA = EP x FEVAP(Y)
Equations:
AVAP = PVAP if PSI £ PSI REDUCE

PVAP x log (PSI-160000)/log(PSI REDUCE-160000) otherwise

Name Units Description

PVAP mm Potential evapotranspiration (EP)
PSI mm Average suction in root zome (Y)
AVAP mm Actual evapotranspiration (EA)
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Table 5.8
IMPLEMENTATION OF THE CORE FUNCTION I = FDRAIN(K)
Equations:
Lowlands
DRAINAGE = COEF x (GWL_REF - GWL)
+ GWL_INDUST + GWL DRINK
- SEEP_RATE x (1-SEEP OW FRAC)
where
GWL REF = DITCH LEVEL - ROOTDEPTH
COEF = DRAIN COEF ' if GWL > GWL_REF
= INFIL_COEF x SUP FRAC otherwise
Highlands

DRAINAGE = BD_CONST + BD COEF x GWL
+ GWL_INDUST + GWL_DRINK
- SEEP RATE x (1-SEEP_OW_FRAC)
- INF_RATE x SUP_FRAC

Name Units Description

GWL mm Groundwater level (%)

DRAINAGE mn/day Drainage (D)
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for suction in a unigue way. Using empirical data [5.1] for each
of twenty soil types, we estimated a formula that gave the moisture
content O as a function of suction Y.

There were two values that we wanted the formula to give exactly:

* O = saturation capacity @ when ¥ = 0

s 0

wilting point v when ¥ = 160000 mm

To obtain such a function, we note first that the expression
g(x) = wv/{v + (w-v)x)

satisfies the preperty
g(0) = w, gl{l) = v.

Next, we note that the expression

x(¥) = log (Y+1)/log(16D001)
satisfies
x(0) = 0, x(16C000) = 1.

Finally, if A and B are any two constants, if we define

X(Y) = Axx(D)® + (1-a)yxx(¥)2P

then also

X{0) 0, X(le0o00) = 1.

It follows that the compound expression
O(Y) = g(X(¥))

has the desired properties
9(0) = w, B(160000) = v

whatever the constants A and B. Taking the above expression, we used

a nonlinear least squares estimating procedure to determine those values
of A and B for which the above expression gave a best fit to the data.
The function so derived is described in Table 5.9.

The Suction Function. The moisture function described above can be
inverted to obtain a formula that gives the value for suction

corresponding to a given moisture level. This expression is described
in Table 5.10.
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Table 5.9

IMPLEMENTATION OF THE CORE FUNCTION © = FTHETA(?)

Equations:

THETA = SATCAP RZ x WILTPT/ (WILTPT+(SATCAP RZ-WILTPT) x X)

where
X = PF A x Y'-B 4 (1-pF a) x y*FF-B
and
Y = In(PSI+1)/1n(160001)
Name Units Description
PS1I mm Suction in root zone

THETA i / mm S0il moisture corresponding to this suction




—-Qg_

Table 5.10
IMPLEMENTATION OF THE CORE FUNCTION Y = FPSI(G)

Equations:

_ X
PSI = 1600017 - 1
where

X = ((-PF_A+Y)/(2(1-PF_a))) 1/PF_B)
and

Y = sqrt(PF_A%+4(1-PF A)Z)

Z = WILTPT(SATCAP-THETA) /THETA(SATCAP-THETA)
Name Units Description
THETA mm,/ mm Soil meisture in root zone (0)

PSI me Suction (¥)
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The Groundwater Function. It is not impessible to implement the
groundwater function described in Sec. 4.2.4 in a computer program
directly from its definition, but the implementation would involve
inverting a function (A(V,¥)) that would itself be computed by means

of a numeric integration. Therefore we developed a formula that we use
to calculate this functionm.

To explain the formula, we refer to Fig. 4.3. We note that the
region corresponding to the subscil deficit (marked with a A) is
roughly rectangular at the top, roughly triangular at the bottom,

It seems plausible that as the groundwater level ¥ increases (gets
deeper), the widths of the rectangle and the triangle increase, the
height of the rectangle increases, but the height of the triangle
remains about the same. If this in fact happens, the area of the
rectangle would depend on the sguare of the groundwater level, while
the area of the triangle would depend only on the groundwater level
itself. Therefore, we would have roughly:

A = AxY¥ + Bx¥?,
Inverting this formula, we would obtain something like:
¥ = axsqrt(A) + bxA.

Our formula is of this form, except that the "coefficient" b is made
dependent on capillary rise, and the expression is truncated at the
vertex of the parabola relating A to ¥.

Equation (9) of Sec. 4.2.4 shows how the groundwater level can be
expressed in terms of the tension Y at the top of the subsoil and

the rate of capillary rise V. We used these formulas and the
relationship between tension and moisture described above to compute,
for each of the twenty soil types [5.1], a large table giving the
relationship between groundwater level, capillary rise, and soil
moisture content. To make these computations, we estimated the inegral
of Eq. (9) using the expression:

b4

5oyl ®y au = AGOP()/Q)

0
where

A(x) = 1.8272larctan(x)

P(x) = 1 + 1.90222x 0699262
and

-0.63754

I

Q(x) 1 + 4.41712x
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This formule was obtained by first evaluating the integral using a very
accurate numerical method, and then estimating the coefficients of the
formulas for A{x}, P(x), and Q{x) to fit these values.

From our tables expressing the groundwater level as a function of
capillary rise and soil moisture content, we derived a table
expressing the subsoil deficit as a function of groundwater level
and capillary rise. We used this final table to explore various
relationships. Eventually, we found that the expression given in
Table 5.11 worked well. The coefficients were estimated from our
data using a nonlinear least squares procedure.

The Capillary Rise Function. The capillary rise function is defined
for two cases. When ¥ > ¥ + p/2, where p is the depth of the

root zone in mm, the associated capillary rise V is positive.
Otherwise, V is negative, and the resulting flow from the root zone to
the subscil is called root zone loss.

We implement the capillary rise formula only for positive capillary
rise. It is easier to discuss root zone loss as a separate case
when we discuss the core computations.

When suction at the interface between the root zone and the subsoil is
greater than the groundwater level, the corresponding capillary rise
is obtained by solving Eq. (11) in Sec. 4.2.4. We have

implemented the solution of this equation using a binary search
technique. Since the search may involve quite a number of evalunations
of the left-hand side of Eq. (11), this method of deriving the
capillary rise can be computationally costly.

To reduce costs, we developed an easily evaluated formula for the
capillary rise function. TFor each soil type used in the PAWN
analysis, we generated a table containing many combinations of
capillary rise, groundwater levels, and scoil suction values. After
some experimentation, we obtained the formula displayed in Table 5.12.
The coefficients were estimated using ordinary least squares
regression on the logarithms of both sides of the expression.

Either the binary search technique or the simple formula can be
used. If the coefficients of the simple formula are set equal to
zero, the binary search technique is used.

The Sprinkling Procedures. The outputs from the sprinkling
procedures are listed in Table 5.13. The "simple' sprinkling
procedure described in Sec. 4.2.5 was not used in the PAWN analysis,
so we Will not describe it further. The more realistic sprinkling
procedure actually used is described in Chap. 5 of Vol. XIII, where a
discussion of the inputs will be found.

The sprinkling procedure is used only in the "request' mode, in which
case the core computations use it to compute the two variables
described in Table 5.14. In the "delivery" mode, these variables are
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Table 5.11
IMPLEMENTATION OF THE CORE FUNCTION ¥ = FGWL(A,V)
Equations:
If SSDEF > SSDEF_CR then
GWL = DEF A x sqrt(SSDEF)
otherwise
DEF D
GWL = DEF_A x sqrt(SSDEF) + (DEF B-DEF € x CAPRISE  ~—") x SSDEF
where
DEF D, ..z
SSDEF_CR = -(DEF_A/(2 x (DEF_ B - DEF C x CAPRISE™ " —7)))
Name Units Description
SSDEF mm Subsoil deficit (A)
CAPRISE mm/day Capillary rise (V)

GWL mm Groundwater level (%)
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Table 5.12
IMPLEMENTATION OF THE CORE FUNCTION V = FCAPRISE(Y’K)

Equation:

CAPRISE = exp(Al) x GWLAZ(log(PSI - GWL))&3

Name Units Description
GWL mm Groundwater level (¥}

PSI mm Suction at top of subsoil (Y)
CAPRISE mm/day Corresponding capillary rise (V)

NOTE: This formula is used only when Al > 0. Otherwise a binary
search technique is used.

Table 5.13

QUTPUTS FROM THE SPRINKLING PROCEDURES

Name Units Description
SPRINK AMOUNT  mm Water effectively applied to root zone
SPRINK_REQUEST mm Water extracted (from surface or ground)
for sprinkling
SPRINK_TLOSS mm Extracted water that is not effectively
applied
SPRINK DOWN mm Water that is not effectively applied that

flows to the subsoil




~104-

Table 5.14

SPRINKLING QUANTITIES IN THE CORE MODEL

Equations:

"Request" Mode:

I = SPRINK_AMOUNT

I_NET = SPRINK REQUEST - SPRINK DOWN

= -S5PRINK_DOWN

"Delivery" Mode:

I = SPRINK_ALLOW x SPR EFF

I_NET = SPRINK_ALLOW x (1-FRAC_DOWN)

= -SPRINK ALLOW x FRAC_DOWN

where

if plot sprinkled from
groundwater

otherwise

if plot sprinkled from
groundwater

otherwise

FRAC DOWN = (1-SPR_EVAP) x (1-SPR_EFF)
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computed vusing the inputs passed to PLOTWAT by DISTAG, as is also
described in Table 5.14. The distinction between the "request' mode
and the "delivery" mode affects only the way in which the sprinkling
variables of the core computations are defined.

5.3.3. An Overview of the Core Computation Scheme

In this section, we outline briefly the overall logic of the core
cemputations. Details of the calculations are given in the next
section.

Capillary Rise vs. Roct Zone Loss. We follow different computational
paths, one if capillary rise occurs, the other is root zone loss
OCCurs.

Computations If Capillary Rise Occurs. If capillary rise occurs, we
use a computation scheme, repeated three times. To begin, we make a
preliminary estimate of capillary rise and of actual evapotranspiration.
Then, we compute water balances for both the root zone and the subsoil.

* A root zone water balance computes ©' and EA'

* A subsoil water balance computes A', ¥', and D.
Next, we estimate the actual capillary rise, V.

Unless the actual estimate of capillary rise is nearly equal to the
preliminary estimate, we make new preliminary estimates, and repeat the
two water balance calculations and the estimation of actual capillary
rise. We conclude by once again making new preliminary estimates, and
repeating the two water balance calculations.

Computations If Root Zone lLioss QOccurs. If root zone loss occurs, a
water balance is computed exactly once, first for the root zone, then
for the subscil

. A root zone water balance computes 0!, E and V.

A’
* A subsoil water balance computes A*, ¥!, and D.

The subscil scheme is the same as the one used when capillary rise

occurs.

5.3.4. Details of the Core Computations

We now fill in the calculational details of the core computations.

Capillary Rise vs. Root Zone loss. We assume root zone loss will

occur if the initial roct zone soil meisture, the rain, and the
potential evapotranspiration are such that without additicnal
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extractions of water the root zone soil moisture would exceed field
capacity at the end of the timestep.

Field capacity is defined by the following expressions:

Suction at Field Capacity

Yro = min(1000,max(¥°+p/2,¥ =p/2))

Moisture at Field Capacity

¢ = Foypra(Yre)

The symbol Ii represents the groundwater level at the beginning

of the growing season. Its presence in this formula is explained in
Sec. 5.3.6.

Deciding whether capillary rise or root zone loss occurs involves the
following:

Estimate Moisture

= pt -
3] =0 + (@ EP)G

est

Condition for Root Zone Loss

eest ” GFC

Condition for Capillary Rise

Oest = Opg

Computations If Capillary Rise Qccurs. In Sec. 5.3.3, we explained
that when capillary rise occurs the core computations involve iterations
among four computational parts:

1. Preliminary estimates of capillary rise and
actual evapotranspiration.

2. A root zone water balance.
3. A subsoil water balance.

4. A new estimate of capillary rise.

Here we will discuss each of these parts separately.
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1. Preliminary estimates V' and A° of capillary rise and
evapotranspiration, respectively, are

V?: Capillary rise from previous timestep
A%: Potential evapotranmspiration

2. A root zone water balance, shown below, estimates the final
root zone soil moisture @' and the actual evapotranspiration

EA:

Sprinkling
Use sprinkling procedure to compute I and I NET

Soil Moisture

6! = max(0,min(w,0°+(R+I+V°-A%)/p))

Evapotranspiration

By = Bp x Fpypp

where

¥ = Fpe, ((0°+07)/2)

If the actual evapotranspiration differs from the preliminary
estimate by more than a specified tolerance, the preliminary
estimate is replaced by the estimate, and the root zone water
balance calculations are repeated, until either the estimate is
close enough to the preliminary one, or the calculations have
been repeated more than a specified number of times.

3. A subsoil balance equaticn uses the preliminary estimate V°
of capillary rise estimated by the root zone calculations. The
net extraction from the subsoil due to sprinkling, I _NET was
calculated in the process of computing the root zone water
balance. We compute the final subsoil deficit A', the final
groundwater level ¥!, and the rate of drainage, D.

The computation is complicated by the fact that drainage is a
very fast process (especially in the lowlands) and so steady
state conditions do not approximate the actual situation for long
timesteps. Rather than break the whole core computations into
many short intervals, we break up only the subsoil computatioms.

We begin by setting ¥' equal to ¥°, and we let D = 0 to
accumulate the drainage. We then compute a daily subscil water
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balance, shown below, for each day in the timestep. When
finished, we let ¥! be the groundwater level ¥' observed at
the end of the last day of computation. We divide D by the
length of the interval, to convert it to a rate of flow.

Daily Orainage

L 1
D = FDRAIN(X )

Subsoil Deficit

W' =W'+ V" + D" + INET

Groundwater Level

¥' = FGWL (Y,V°)
where

¥ = FPSI((0“+01)f2)

Accumulate Drainage

D=D+ D'

. To calculate actual capillary rise, we use the formulas

displayed below. Notice the calculations involve one term
associated with the root zone (average suction), and one term
associated with the subsoil (average groundwater level). The
capillary rise is alsc constrained so that the final moisture in
the root zone does not exceed field capacity.

Average Suction

Y= FPSI((G°+81)/2)

Average Groundwater Level

¥ o= (¥%+rY) /2

Maximum Capillary Rise

= - ° - -
Vo = (9..-0°)/w - R - 1+ E,

Capillary Rise

V= minlV o Feaprrsg (Y- ¥))
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Computgtions If Root Zone Loss Occurs. When root zone loss occurs,
we assume capillary rise is equal in magnitude to just that flow
necessary to cause the final root zone soil moisture to be at field
capacity. These calculations follow. The subsoil calculations in
this case are identical to those used when capillary rise occurs,
with V® set equal to the root zone loss.

Evapotranspiration

Root Zone Loss

V= (RE,) + (0;,-0")p/8

Root Zone Scoil Moisture

1
0! = GFC

5.3.5., The Computation Scheme for Glasshouse Crops

The computations for water flows in plots containing crops grown under
glass are displayed in Table 5.15. Potential and actual evapotrans-
piration are specified as data, capillary rise is zero, root zone

loss is a fixed quantity, the amount sprinkled includes the evapo-
transpiration plus the root zone loss, and the state variables (root
zone and subscoil deficits, groundwater level) never change. The other
flows are computed in the same way as for open-air plots.

5.3.6. Some Additional Details

In this section we will discuss two small details that were passed
over in the preceding discussion. The details are:

* The "practical" definition of field capacity.
. Groundwater level corrections for non-steady state
conditions.

A "Practical” Definition of Field Capacity. In Sec. 4.2.1 we defined
the field capacity of the soil at a particular depth as a function

of the distance from that point to the groundwater level. When we
speak of the field capacity of the entire root zone, we mean the total
amount of water the root zone is able to hold against the force of
gravity. To calculate this quantity we should integrate the soil
moisture curve over the root zone when each point is at field
capacity, but to simplify our calculations we assume that the field
capacity of the root zone is the field capacity in the middle of the
root zone multiplied by the root depth.
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Table 5.15

WATER FLOW COMPUTATICONS FOR CROPS GROWN UNDER GLASS

Equations:

Water Flows

AVAP = NDAYS x CROPFACTOR

CAPRISE = 0

DRAINAGE = RZLOSS + RAIN

DRATNOUT = min(DRAINAGE,NDAYS x DRAIN MAXOUT/365)
DRAIN_SW = DRAINAGE - DRAINOUT

INFILT = 0

PVAP = AVAP

RZLOSS = NDAYS x DRAIN_UG/365

SEEPAGE 58

NDAYS x SEEP_RATE x SEEP _OW FRAC

SEEPAGE_SW = NDAYS x SEEP_RATE x (1-SEEP_OW FRAC)
SPRINKLE = AVAP + RZLOSS
SPRINK_LOSS = SPRINKLE x (1-SPR EFF)/SPR EFF

Final Conditions

GWL NEW = GWL OLD

RZDEF_NEW

RZDEF_OLD

SSDEF_NEW = SSDEF OLD
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The use of this definition of field capacity gives reasonable results
when the groundwater level is from about 300 to 1000 wm under the root
zone. When the groundwater level is deeper than 1000 mm, this
assumption leads to incorrect computations of soil moisture levels,
because the steady state conditions cannot really be said to hold
during the short timesteps used. Therefore, we constrained the
suction at field capacity to lie between 1000 mm and the groundwater
level Ki at the beginning of the growing season. This

constraint leads to the formula given in Sec. 5.3.4. One-half the
root depth is added or subtracted where appropriate, tc make all terms
consistent with a depth measured from the bottom of the root zone.

Groundwater Level Corrections for Non-steady State Conditioms. When
the climatological conditions change rapidly from a rain surplus to a
rain deficit (as is often the case in the spring), the steady state
conditions assumed by our calculations do not apply. Our model then
gives unrealistic "jumps" (up to a meter or more) in estimated
groundwater levels. To avoid these jumps, we keep groundwater levels
constant during periods where unsteady state conditions are likely to
be more realistic., To detect such conditions, at the end of each
timestep we check if the subsoil deficit and the groundwater level
both increased or decreased in the same direction. If they did not,
we kept the groundwater level fixed at its initial value,

We also constrained the change in groundwater level so that it never
exceeded 20 times the increase in subsoil deficit (expressed as a
water depth). When the subsoil deficit decreased, we computed how
much of that decrease was due to flows from the subscil other than
those to and from the root zone (infiltration, seepage, etc). We then
assumed that the groundwater level would decrease at least 20 times
the decrease in the subsoil deficit (in mm) caused by these flows. In
both of these cases, the number "20" was arbitrarily chosen.

5.4, THE PLOT SALT MODEL {PLOTSLT)

The computer implementation of the plot salt model is a relatively
straightforward translation of the discussion in Sec. 4.3.2,

5.4.1. Inputs and Outputs

A list of the inputs and outputs of PLOTSLT is given in Table 5.16.
There are only three output variables. The final concentrations of
root zome and subsoil are used by PLOTSLT as the initial conditions
for the next timestep. The concentration of the drainage is used by
DISTAG to compute the salt flow to the district surface water. The
plot damage model computes an average root zone salt concentration
based on the initial and final root zone salt concentrations for the
timestep.
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Table 5.16

PLOT SALT MODEL INPUTS AND QUTPUTS

Name Units Description
Inputs

Fixed Data
NDAYS days Number of days in decade
RAIN mm Rainfaill
RAIN CONC mg/l S8alt concentration of rainwater
ROOTDEPTH mm Recot depth of crop
LOAD} RZ (mg/m?)/day Constant salt flow into root zone
SATCAP RZ mm / mm Saturation capacity of root zone
SATCAP_SS mm,/ mm Saturation capacity of subsoil
SEEP_CONC mg/1l Salt concentration of seepage
SSDEPTH mm Effective depth of subsoil
LOAD S8 (mg/m?) /day Constant salt flow into subsoil
VOLRZ UG mm Root zone volume for crops under glass
VOLSS UG mm Subsoil volume for crops under glass

Passed by DISTAG
AVCONC_SW mg/1 S8alt concentration of district water

Computed by PLOTWAT

AVAP mm Actual evapotranspiration

CAPRISE min Capillary rise

DRAINAGE mm Drainage from subseil

INFILT mm Infiltration from surface water
RZDEF_NEW mm Final root zone moisture deficit
RZDEF_OLD mm Initial roet zecne moisture deficit
RZLOSS mm Roct zone loss

SEEPAGE S8 mm Seepage to subsoil

SPRINKLE mm Total water withdrawn for sprinkling
SPRINK_LOSS mm Sprinkling water lost

SSDEF NEW mm Final subsoil moisture deficit
SSDEF_OLD mm Initial subsoil meisture deficit

Computed Previous Decade by PLOTSLT

RZSALT OLD mg/ 1l Initial root zone salt concentration

S58ALT_OLD mg/1 Initial subsecil salt concentration
OQutputs

AVCONC_QUT mg/1 Average concentration of drainage

RZSALT NEW mg/}t Final root zone salt concentration

SSSALT NEW mg/ 1 Final subscil salt concentration
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5.4.2. Basic Eguations

Open-Air Crops. PLOTSLT uses the basic salt model described in
Sec. 4.3.1. It uses this model twice, first for the root zone,
second for the subsoil. There are six inputs and two outputs
associated with the basic salt model listed in Sec. 4.3.1.

In Tables 5.17 and 5.18 we show how the basic salt model is used by
PLOTSLT for the root zone and subsocil salt balances, respectively. We
will briefly explain some of these formulas.

For the root zone, the water flows are computed by PLOTWAT. The
variable SPRINKLE is zero if the plot is not sprinkled. Since PLOTWAT
computes the deficit in the roct zone, we subtract this deficit from the
total capacity of the root zone to find the total amount of water. The
capacity is just the root depth multiplied by the saturation capacity of
the root zone soil.

The inflow of salt to the root zone comprises three terms: the
contribution of rain, an exogenous load, and salt from sprinkled
surface water, if there is any.

The subsoil equations are not very different from those of the

root zone. We assumed that groundwater sprinkling adds no salt to
the root zone, so no salt is taken out of the subscil if this kind of
sprinkling is present. This fact explains why the term SPRINKLE

is added to W _UP.

The inflow of salt to the subsoil comprises four terms: root zone

loss, seepage, infiltration from surface water, and the (artificial)
subscil load.

Glasshouse Crops. The computation of salt flows in plots with glass-
house crops is based on the root zone salt profile that we described
in Sec. 4.3.2. The shape of this profile is fixed by specifying

two parameters:

. Average salt concentration
. Leaching fraction

The leaching fraction does not change very much from one timestep to
the next, and to make computations simpler, we use the leaching
fraction of the current timestep instead of the more logical leaching
fraction of the previous timestep.

Table 5.19 shows the computations. First, we determine the leaching
fraction and the salt concentration at the top of the root zone. It
is important to realize that this concentration is not the "real"

concentration (which will be about equal to the concentration of the
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Table 5.17

SALT FLOWS IN ROOT ZONE OF OPEN-AIR PLOTS

How Inputs to the Basic Salt Model Are Defined:

W_IN = RAIN + CAPRISE if plot is unsprinkled
= RAIN + CAPRISE + SPRINKLE otherwise
W _UP = AVAP if plot is unsprinkled
= AVAP + SPRINK LOSS otherwise
W_OLD = SATCAP_RZ x ROOTDEPTH - RZDEF_OLD
W_NEW = SATCAP_RZ x ROOTDEPTH - RZDEF NEW
5_IN = RAIN » RAIN_CONC + LOAD_RZ x NDAYS if plot is not sprinkled
from surface water
= RAIN x RAIN CONC + LOAD RZ x NDAYS otherwise

+ AVCONC_SW x SPRINKLE

S_OLD = W OLD x RZSALT OLD

How Outputs (S _NEW and AVCONC) from Basic Salt Model Are Used:

RZSALT NEW = S NEW/W_NEW

RZ CONC = AVCONC

NOTE: See Sec. 4.3.1 for description of inputs and outputs for the
basic salt model.
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Table 5.18

SALT FLOWS IN SUBSOIL OF OPEN-AIR PLOTS

How Inputs to the Basic Salt Model Are Defined:

W_IN = INFILT + RZLOSS + SEEPAGE S8
W _UP = CAPRISE if plot is not sprinkled
from groundwater
= CAPRISE + SPRINKLE otherwise
W_OLD = max(1,SATCAP S8 x SSDEPTH - SSDEF OLD)
W _NEW = max(1,S8ATCAP_S5 x SSDEPTH - SSDEF NEW)

5_IN = RZLOSS x RZ _CONC + SEEPAGE S5 x SEEP SALT
+ INFILT x AVCONC SW + LOAD SS x NDAYS

S OLD = W OLD x SSSALT OLD

How Outputs (35_NEW and AVCONGC) from Basic Salt Model Are Used:

SSSALT NEW = S_NEW/W_NEW

AVCONC_OUT

1l

AVCONC

NOTE: ©See Sec. 4.3.1 for description of inputs and outputs for the
basic salt model.
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Table 5.19

SALT FLOWS IN GLASSHOUSE PLOTS

Equations:

Root Zone
LEACHFRAC = -CAPRISE/SPRINKLE

SALT TOP = RZSALT OLD x (1-LEACHFRAC)/(-In(LEACHFRAC))

X_DRAIN = 1+CAPRISE/(2 x VOLRZ UG)

RZ_CONC = SALT TOP/(1-X DRAIN x (1-LEACHFRAC))

TOT_RZ_SALT = -CAPRISE x RZ CONC

TOT_SALT IN = SPRINKLE x AVCONC SW

RZSALT NEW = RZSALT_OLD + (TOT_SALT IN - TOT RZ_SALT)/VOLRZ UG

Subsoil

SSSALT NEW = SSSALT OLD + (TOT RZ SALT+SEEPAGE SS x SEEP_CONC

- (INFILTH+DRAINAGE) x SSSALT OLD)/VOLSS_UG
AVCONC_OUT = SSSALT OLD
Name Units Description

LEACHFRAC mm/mm Leaching fraction

SALT TOP mg/1 S8alt concentration at top of root zone

X _DRAIN mm,/ mm Fraction of the root zone depth whose
average concentration is that of the
ocutflowing water

RZ_CONC mg/1 Average concentration of outflowing
water

TOT_RZ SALT mg/1 Total salt flowing out of the root zone

TOT _SALT IN g Total salt flowing into the root zone
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sprinkling water), but is just an aid to determining the salt
concentration of the ocutflowing water. Next we determine the size of
the slice of water that will leave the root zone during the timestep.
The middle of this slice is assumed to have the average salt
concentration of the slice. This concentration is calculated using

Eq. (6) of Sec. 4.2.3. A mass balance equation for salt in the root
zone then gives us the average concentration at the end of the timestep.

To compute salt concentrations in the subscil, we invoke the mass
balance equation.

5.53. THE PLOT DAMAGE MODEL (PLOTLDAM)

The computer implementation of the plot damage model is a relatively
straightforward translation of the formulas discussed in Sec. 4.4.

5.5.1. Inputs and Outputs

The inputs and outputs of PLOTDAM are given in Table 5.20., Four of

the inputs are constant over time and describe the damage curves
drought and salt as explained in Sec. 4.4.1 and 4.4.2, respectively.
Three other damage parameters depend on the timestep. The remaining
inputs to PLOTDAM are generated by PLOTWAT, PLOTSLT, and PLOTDAM itself
(in a previous timestep.) The outputs of PLOTDAM are the salt damage,
the total damage, and the survival fraction that is used in the next
timestep.

5.5.2. Basic Equations

PLOTDAM consists of a drought damage calculation, a salt damage
calculation, and a way to combine these two calcunlations into total
damage. The drought and salt damage computation procedure was
described in 8ec. 4.4. These computations are summarized in Table
5.21.

5.6. DISTAG

5.6.1. Inputs and Qutputs

The inputs to DISTAG that are read from data files are listed in
Chap. 3, DISTAG uses outputs from the three plot models that

have already been described. DISTAG outputs were listed in Table 3.6.

5.6.2, Basic Equations

DISTAG first computes a district water balance, then a district =salt
balance, and finally it aggregates damage and sprinkling costs.
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Table 5.20

PLOT DAMAGE MODEL INPUTS AND OQUTPUTS

Name Units Description
Inputs

Fixed Data
CRGP_VALUE Dfl/ha Money value of crop
NDAYS Number of days this decade
Parameters That Depend Only on Crop Type
SD /(mg/1) Slope of salt damage curve
DP Point of maximum drought damage
MIN mg/1 Point where salt damage begins
Rp Point where slope of drought damage

curve changes

Parameters That Depend on Crop and Timestep

DD Drought damage fraction at point DP

RD Drought damage fraction at point RP

REMAIN YIELD Fraction of crop that remains to be
produced

Computed by PLOTWAT
AVAP mm Actual evapotranspiration
PVAP mm Potential evapotranspiration

Computed by PLOTSLT
RZSALT OLD mg/1 Initial root zone salt concentration
RZSALT NEW mg/1 Final root zone salt concentration

Computed Previous Decade by PLOTDAM

SURVFRAC_OLD  ha/ha Initial survival fraction
Outputs

SALT DAM Bfl/ha Salt damage

SURVFRAC NEW ha/ha Final survival fraction

TOT DAM Dfl/ha Total damage
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Table 5.21

PLOT DAMAGE MODEL

Equations;

Drought Damage

RATIO = AVAP/EVAP

DD FRAC = 0 when 1 = RATIO
= RD x (1-RATI0)/(1-RP) RP < RATIO < 1
= RD + (DD-RD) x (RP-RATIO)/(RP-DP) DP < RATIO < RP
= DD RATIO < DP

Salt Damage

RZSALT = (RZSALT_OLD + RZSALT NEW)/2

8D FRAC = ¢ when MIN > RZSALT
= 8D x (RZSALT-MIN) MIN < RZSALT < MAX
=1 MAX < RZSALT

Total Damage

POT_YIELD = REMAIN_YIELD x SURVFRAC OLD x CROP VALUE
SALT DAM = SD FRAC x POT YIELD

TOT_DAM = SALT DAM + (POT _YIELD-SALT DAM) x DD_FRAC
SURVFRAC_NEW = SURVFRAC OLD x (1-SD_FRAC) x (1-DP_FRAC)

Name Units Description
RATIO -- Potential evapotranspiration ratioc
DD _FRAC -- Drought damage fraction
SD_FRAC - Salt damage fraction
POT YIELD Dfl/ha Potential financial yield, taking

previous damage and normal production
patterns into account

RZSALT mg/1 Average salt in rcoot zone
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The District Water Balance. We distinguish two major steps:

Compute flows from plots.
* Compute flows within the district.

DISTAG uses PLOTWAT to calculate the plot flows in millimeters per
unit of area for each plot. It converts these flows into a rate
(w’/s) and adds them up. The equations are given in Table 5.22.

Computations differ depending on whether DISTAG is formulating a
"request” or a "delivery." TFor a "request" there are no constraints
on the amount of surface water that may be withdrawn for sprinkling
crops, but for a "delivery," DM may impose a constraint for open-air
crops. When this happens, DM passes to DISTAG a so-called cutback
fraction that eguals the total amount of open-air surface water
sprinkling that DM is willing to allow, divided by the total amount of
such sprinkling originally requested. DISTAG indicates to PLOTWAT the
fact that sprinkling is to be cut back by setting two ''switches,"
SPRINK_ALLOW and SPRINK INDEX. Table 5.2 describes how this is done.

The computation of flows with the district are shown in Table 5.23,

The District Salt Computation. The district salt computation
determines two quantities: the average concentration of the water
extracted from the district by DM or flowing inte the soil, and the
amount of salt in the surface water of the district to be carried
forward to the next timestep.

The basic salt model described in Sec. 4.3.1 is used for the district
salt balance. One of the salt inflows to the district surface water

is salt from draining plots, either because they are draining into

the surface water system or because there is a positive seepage flow

of which a part directly enters the surface water. The other possible
contributions to the amount of salt in the district are extractions
from the national distribution system, industrial discharges, rain, and
urban runoff. Table 5.24 shows how the basic salt model is used to
compute the district salt balance.

Damages and Sprinkling Costs. Finally, DISTAG aggregates crop damages
and sprinkling costs for all the plots in the district. After the
"request” and "delivery" modes have been completed, DISTAG computes the
final results for the timestep using the formulas in Table 5.25.

5.6.3. The Demand Generator

DISTAG is a subroutine of DM. However, there are some useful
applications of DISTAG that do not require computing interactions
between districts:
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Table 5.22

WATER FLOWS BETWEEN PLOTS AND THE SURFACE WATER SYSTEM

Equations:

SPRINK TOT = E" XxSPRINKLE

SPRINK SW = I' AxSPRINKLE

SPRINK CUT = E? XxSPRINKLE

SEEP SW = I° AxSEEPAGE SW

INFILT SW = I° AxINFILT

DRAIN_TOT = E° \xDRAINAGE

DRAIN_OUT

" AxDRAINOUT

DRAIN_5W = DRAIN_TOT - DRAIN OUT

where
. = PLOTAREA/(NDAYS x 8640)
I?: Sum over all plots in district
L': Sum over all plots that use surface water
£?: Sum over all plots with open-air crops that use
surface water
Name Units Description
SEEP SW m?/s Total seepage that flows directly into
the surface water system
INFILT_sW mi/s Infiltration from surface water to subsoil
DRAIN_TOT m?/s Drainage from subsoil
DRAIN SW m®/s Drainage that flows into the surface water

system
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Table 5.23

DISTRICT WATER BALANCE COMPUTATIONS

Equations:
URBAN_RAIN = URBAN_AREA x RAIN/(NDAYS x 8640)
URBAN_EVAP = URBAN_ AREA x EVAP x URBAN CF/(NDAYS x 8640)

URBAN_RUNOFF = max{(0,URBAN RAIN - URBAN EVAP)

RAIN SW = WATER AREA x RAIN/(NDAYS x 8640)

EVAP SW

WATER_AREA x EVAP/(NDAYS x 8640)

FLUSH = max(0,FLUSH_MIN - FLUSH RED)

INFLOW = URBAN_RUNOFF + RAIN_SW + INDUST DIS + SEEP SW + DRAIN_SVW
OUTFLOW = EVAP_SW + SPRINK SW + INDUST EXT + INFILT SW

DISCHARGE = max(FLUSH,INFLOW - OUTFLOW)

EXTRACTION = DISCHARGE - INFLOW + OUTFLOW

Name Units Description
URBAN RAIN m?/s Rain falling on urban area
URBAN_EVAP m?/s Potential evaporation from urban area
URBAN RUNOFF m?/s Water running off urban area
RAIN_SW m'/s Rain falling on surface water
EVAP SW m?/s Evaporation from surface water
FLUSH mi/s Actual (minimum) flushing requested
INFLOW n'/s Total flow except for extraction from

distribution system

QUTFLOW m?/s Total flow except for discharge to
distribution system
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Table 5.24

SALT CONCENTRATION OF SURFACE WATER

How Inputs to the Basic Salt Model Are Defined:

W_IN (INFLOW + EXTRACTION) x NDAYS x 86400

W_Up

]

EVAP SW x NDAYS x 86400

W_OLD = WATER VOLUME

W_NEW = WATER_VOLUME

S_IN = (SALTCONC x EXTRACTION + INDUST SALT x INDUST_DIS
+ RAIN _CONC x RAIN SW + URB CONC x URBAN_RUNOFF) x NDAYS x 86400
+ I° AVCONC OUT x DRAINAGE x PLOTAREA x 10
+ E' SEEP CONC x SEEPAGE SW x PLOTAREA x 10
where
I°: sum over all plots that drain into district

I': sum over all plots where seepage is positive

S5_OLD = SWSALT _OLD

How Outputs (S _NEW and AVCONC) from Basic Salt Model Are Used:

SWSALT NEW = S NEW

AVCONC _SW = AVCONC

NOTE: See Sec. 4.3.1 for description of inputs and outputs for the
basic salt model.
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Table 5.25

AGRICULTURAL DAMAGE AND COSTS OF SPRINKLING

Equatiecns:

Damage:
SALTDAM = E° SALT DAM x PLOTAREA

TOTDAM = E° TOT DAM x PLOTAREA

Sprinkling Costs:

LABOR COST = I SPRINKLE x PLOTAREA x COST_LABOR
ENERGY COST = ' SPRINKLE x PLOTAREA x COST ENERGY
where

I': Sum over all plots in district.

I!': Sum over all sprinkled plots. (Separate summation
for each crop.)
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Estimating district water requirements, given a certain amount.
of installed sprinklers,

Determining what crop damages can be prevented if sprinkling is
applied and the plots get all the water they request.

» Analyzing the conditions and status (water and salt flows,
damages) of specific plots.

Neither DISTAG nor the plot models can stand alone. All four require
a calling program to handle certain housekeeping functions, such as
reading data, writing results, etc. These housekeeping functions are
normally taken care of by DM. Occasicnally (for example, in designing
sprinkling scenarios) we needed to make water balance computations for
isclated plets, but we did not need to compute the associated flows in
the national distribution system. To enable us to make computations
of this sort, without using DM, we created a stand-alone computer
program called the demand generator (DEMGEN). DEMGEN handles the
housekeeping necessary to call BISTAG (which in turn calls the plot
models)} and to write results of DISTAG and plot computations on files
that can be used for subseguent analysis. DEMGEN can be thought of as
a replacement for DM; however, it is not able to make any
"distribution" computations, such as constraining delivery of water
for sprinkling due to low river discharges.

Inputs and Outputs. DEMGEN uses the same 16 files as DISTAG (see

sec. 5.2). The other inputs are essentially the same as those
described in Chap. 3. The parameters that are normally passed to DISTAG
by DM (the flushing reduction, the cutback fraction, and the salt
concentration of the extracted water) are specified as centrol

variables to DEMGEN, and these specified values are used for all
districts and all timesteps. It is also possible to control which
districts and which timesteps are actually used. We can specify:

* The first and last district; any consecutive subset of
districts can be specified in a2 single run (e.g., districts 13
through 58).

. The first and last year to be run (e.g., 195% through 1964).

DEMGEN writes results from the district and plot models on two files.
An output file callied DSTCOMP contains the district results, and a
file called PLTCOMP contains the plot results. Tables 5.26 and 5.27
give an overview of the values written on these files. These results
can be processed by various analysis programs (e.g., standard
statistical analytic packages such as SPSS or SAS) to generate results
in a form that is useful to the analysis being carried out.

We might remark at this point that since DISTAG is not a stand-alone
program, anyone can write a ''main’ program that uses it. Thus it
would be possible to write another version that eliminates some of the
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Table 5.26

VARIABLES WRITTEN ON FILE PLTCOMP

Name Units Description
RUN _ID - An integer identifying the run
YEAR -- Year of record
TIMESTEP -- Timestep (decade) of record
PLOT -- Index of plot

IRR_CODE Irrigation code of plot
CROP_INDEX Index of crop contained in plot
RAIN mm Amount of rain

PVAP mem Potential evapotranspiration
RZDEF_NEW mm Final root zone deficit
SSDEF_NEW mm Final subsoil deficit
RZSALT NEW mg/1 Final rocot zone salt concentratiomn
SSSALT NEW mg/ 1 Final subsoil salt concentraticn
SURVFRAC_NEW  ha/ha Final survival fraction
AVAP mm Actual evapotranspiration
DRAINAGE mmn Total drainage from subsoil
CAPRISE mm Capillary rise

SEEPAGE S8 mm Seepage to subsoil

SPRINKLE mm Sprinkling
P5I mm Suction in rcot zone
AVCONC_OUT mg/1 Average concentration of drainage




-127-

Table 5.27

VARTABLES WRITTEN ON FILE DSTCOMP

Name Units Description

RUN_ID -- An integer identifying the run

YEAR -- Year of record

TIMESTEP -- Timestep {decade) of record

IRR_CODE Irrigation code of plot

CROP_INDEX Index of crop contained in plot

RAIN mm Amount of rain

PVAP mm Potential evapotranspiration

RZDEF NEW mm Final root zone deficit

SSEDEF NEW mm Final subsoil deficit

RZSALT NEW mg/1 Final root zone salt concentration

SSSALT_NEW mg/1 Final subsoil salt concentration

SURVFRAC NEW  ha/ha Final survival fraction

AVAP mm Actual evapotranspiration

DRAINAGE mm Total drainage from subseil

CAPRISE mm Capillary rise

SEEPAGE S8 mm Seepage to subscil

SPRINKLE mm Sprinkling

PSI mm Suction in root =zone

AVCONC oUT mg/1 Average concentration of drainage

DIST -- Index of district

URBAN RUNOFF m'/s Water running off urban area

RAIN SW m'/s Rain falling on surface water

EVAP_SW m’/s Evaporation from surface water

DRAIN TOT m*/s Drainage from subsoil

LEAK_TOT m®/s Leakage into subsoil

SPRINK_TOT m?/s Total water consumed for sprinkling

SPRINK CUT m?/s Surface water sprinkling that can be
cut back in case of shortage

SALT_TODIST g Tectal salt discharged into district

SALT_FRDIST g Tetal salt discharged by district

TOTDAM Dflm Total damage to all plots

SATL.TDAM Dflm Salt damage to all plots

DISCHARGE m?/s Discharge to national system

EXTRACTION m?/s Extraction from natiomal system

AVCONC_sW mg/ 1 Average salt concentration of water
discharged from district

SALT_OUT g Total salt discharged to national

s5ystem
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limitations of DEMGEN (e.g., the fact that the salt concentration of
the surface water must be a single constant specified in advance).

5.7. OVERVIEW OF DATA FLOWS AMGNG THE MODELS

In describing the models in Secs. 5.3 through 5.6, we used many
variables that were passed from one model to the next. Figure 5.1
presents an overview of these variables. It shows only the variables
that control interactions among the models in either the "request" or
"delivery' modes, and none of the fixed input data.

REFERENCE

5.1, Rijtema, P. E., Soil Moisture Forecasting, Report 513, ICW,
Wageningen, 1969.
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Chapter 6

DATA

In this chapter we describe the data files needed by DISTAG, and the
data base assembled in order to use DISTAG for the PAWN analysis. All
of the data are listed in conveniently formatted tables.

The description of the data files will be consulted by readers who are
using DISTAG and need to develop new data files or medify current
ones. The description and listings of the data are needed by those
interested in examining detailed assumptions upon which the PAWN
results are based. The data give a rather detailed picture of the
agriculture and hydrology of the Netherlands, and may be useful for
purposes other than PAWN altogether. On the other hand, this chapter
is not essential to those who read the present volume to get an
understanding of the theoretical basis for the models described.

We begin by describing those data that characterize the geography of
the Netherlands, that is, the various characteristics of districts,
subdistricts, and plots. Next we discuss parameters associated with
various submodels--those associated with soils and crops, those that
are used by the sprinkling models, and those used to compute basic
drainage. We then discuss external supply data (rain, evaporation),
and conclude with a discussion of many miscellaneous data, most of
them single numbers, which are difficult to classify.

6.1. DISTRICTS, SUBDISTRICTS, AND PLOTS

The data that describe districts, subdistricts, and plots comprise the
basic geographical description of the Netherlands used by DISTAG.

In this section, we will first describe the basic input files
containing these data, and then we will discuss the data themselves.
We will explain how districts and subdistricts were chosen, and

then describe how the data were obtained.

6.1.1. Input Data Files

There are four data files, one containing district data, two
containing subdistrict data, and one containing plet data. These
files are described in Table 6.1.

6.1.2. 'The Data

The District File. DISTFIL contains 13 data elements. 4n

overview of these data for the situvation treated by PAWN is given in
Table 6.2. The district index and name are used only for adminis-
trative reasons and identification; the districts were numbered from 1
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through 77 and given a name that in most cases relates to their
geographic location. Twenty-one different weather stations have been
considered, and each district has been asscciated with one of these
stations, as will be described in Sec. 6.5. Similarly, each district
containing any part of the highlands has been assigned to one of

17 drainage regions, as will be explained in Sec. 6.4.

We will describe how the various areas and the volume of water were
determined in Sec. 6.1.4. The flushing minimum reflects the minimum
desired discharge for quality control in the districts. With a few
exceptions only the districts with saline seepage are flushed. The
desired flushing rates for a number of districts were derived from an
inquiry by the Union of Waterboards [6.1]. For the districts

with saline seepage for which no flushing rate was given, a flushing
rate was estimated based on the total salt load.

The initial salt concentration of each district was arbitrarily set to
175 mg/l, except for a few districts with very high salt concen-
trations. For these districts, a higher initial concentration was
specified based on observations. The industrial extraction or discharge
reflects a constant flow out of or inte the district waters because of
actions of users other than agriculture. These extractions and
discharges are set equal to zero in most places; in some highlands
districts the industrial discharge entry was used to account for water
flows inte the district because of losses from adjacent highlands
canals.

In the district files reflecting future scemarios, the industrial
extraction or discharge entry is used to reflect changes in discharges
te the surface water because of changes in groundwater withdrawals by
industry or drinking water companies. (Except for some small lesses,
the groundwater withdrawn for these purposes eventually ends up in the
surface water system.) The last data element, the salt concentration
of the industrial discharge, allows for the specification of the salt
flow into the surface water system because of users other than
agriculture. It is used only in connection with the incremental
discharges in future scenarios.

The Subdistrict Files. SUBDFIL and SUB2FIL contain 19 data elements,

A listing of these data for the situation treated by PAWN is given in
Table 6.3. The subdistricts were numbered from 1 through 143, and the
district index associated with each subdistrict indicates the district
to which the subdistrict belongs. The index of the agricultural regions
indicates which of the 14 agricultural regions contains the subdistrict,
as described in Sec. 6.1.5. Associated with each subdistrict is a root
zone s0il type and a subsoil type. Soil types were selected from a list
of 20 standard soils as described in Sec. 6.2.1. The highlands/lowlands
code indicates the landform of the district; the value 0 indicates a
lowlands subdistrict, the value 1 indicates a low highlands subdistrict,
and a value 2 indicates a high highlands subdistriet.

The fraction of the subdistrict is the area of the subdistrict
divided by the area of the district containing the subdistrict; this
number is not actually used by DISTAG.
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The infiltration and drainage coefficients are used in the formulas
relating the flow from surface water to subsoil (infiltration) or
vice versa (drainage) to groundwater and ditches. Estimates of these
parameters were obtained from contacts with the Instituut voor
Cultuurtechniek en Waterhuishouding (Institute for Land and Water
Management Research, or ICW). Initial groundwater levels and ditch
levels {(the latter is assumed to be constant within a subdistrict)
were obtained from maps [6.2], various reports on reallotment,

and contacts with the Studiecommissie Waterbehoefte Land-

en Tuinbouw (Study Committee for Water Demands of Agriculture and
Horticulture, or SWLT). (Infiltration, drainage coefficients, and
ditch levels are only relevant for the lowlands.) 8Seepage rates and
seepage salt concentrations came from several reports {6.3,6.4].

The industrial and drinking water withdrawals in the subdistrict file
have been set to zero for the files described here, because these
discharges and extractions are accounted for by the parameters of the
basic drainage model, described in Sec. 6.4, they can be used to
account for changes from the current situation. The groundwater
constraint was never used.

The fraction suppliable indicates what part of the subdistrict has a
surface water system that can be supplied from the main system.
Estimates for these fractions were obtained from the above-mentioned
inquiry of the Union of Waterboards [ 6.1]. The infiltration rate

is used to compute the infiltration losses from the highlands ditches
and canals to the subsoil. It is expressed in mm/day and is applied
to the part of the highlands that is suppliable from the surface water
system. It is based on scme very crude estimates of infiltration
losses per unit of open water area and the open water area itself.

The open water seepage fraction indicates what part of the seepage
immediately flows into the surface water system. The general
assumpticn is that all seepage flows to the subsoil and only
indirectly to the surface water. So in most places this fracticn is
equal to zero. In the new polders in the IJsselmeer this assumption
does not seem to be a good one, and so for these polders an open water
seepage fraction was empirically determined, by using DISTAG to
reproduce observed salt concentrations in the IJsselmeer.

The Plot File. PLOTFIL contains four data elements per record. These
data are listed in Table 6.4. The subdistrict index specifies the
subdistrict containing the plot; the irrigation code indicates whether
the plet is unsprinkled (set equal to zero), or sprinkled from surface
water (set equal to one) or groundwater (set equal to two). The index
of the crop indicates the crop type. Finally, the area of each plot
is given. In Sec. 6.1.5 we describe how these plots were defined.

6.1.3. 8Selection of Districts and Subdistricts

Districts were defined as hydrologic entities in the sense that all
parts of a district discharge water to or extract water from the
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national distribution system in the same way. The internal details of
surface water movements within a district are regarded as unimportant
from a national water management standpoint. The selection of
districts for the PAWN analysis was the result of a lengthy discussion
between members of the PAWN team and employees of different
departments of the Rijkswaterstaat. Proposals were made on the basis
of an existing division of the country used by an earlier computer
model of the distribution system {6.5], taking into account other
relevant divisions such as waterboards, drainage, and water supply
regions, etc. After a number of iterations a reasonable compromise
was achieved between reality (level of detail) and practical
considerations (data available, computational costs). Seventy seven
districts were so identified (see Fig. 2.3).

Within the 77 districts we distinguished 143 subdistricts. Within a
given district, more than one subdistrict was defined when different
soil types existed, when there were different landforms, or when
seepage rates were different. The possible soil types were selected
from a list of 20 standard soils [6.6]. The allcocation of

soil types to (parts of) districts was based on soil maps [6.7]

and a general knowledge of and experience with the Dutch situation,
(See Sec. 6.2.1.) The distinction between lowlands and highlands is
relatively easy because the theoretical line dividing the low
Northwest from the higher Southeast is well-defined. The low and
high highlands were defined on the basis of the average groundwater
level. The low highlands is that part of the highlands with an
average groundwater level less than one meter below the surface, and
the high highlands is the remaining part.

Information about groundwater levels in the form of areas by
groundwater table class was provided by the Landinrichtingsdienst
(Land Development Department). These data were available by
municipality. In total, eight groundwater table classes have been
distinguished, each reflecting a certain range of groundwater levels.
We assumed the area associated with the first three classes to be the
low highlands. The estimates of the low and high parts of the
highlands districts were then obtained by summing the low highlands
areas for all municipalities in the distriet. This procedure leads to
a very crude approximation of the actual situation.

6.1.4. Urban Area, Surface Water Area and Volume, and "Nature"

Primary Municipality Data. Many steps were taken to derive the data
described above. The primary source of the data consists of
statistics on land use published by the Centraal Bureau voor de
Statistiek (Central Bureau of Statistics, or CBS). The most
recently available data at the time we were assembling these files
were for 1975, and consisted of a detailed breakdown of all kinds of
land uses by municipality. Table B.l shows these data, aggregated
into six broad categories, by municipality.
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Urban area represents the CBS category called "city area,” consisting
partly of gardens, parks, recreational areas, and the like, and not
exclusively land that is impervious to the vertical flow of water, as we
have defined the term "urban area."™ On the other hand, the "noncity"
data in the CBS statistics do contain land that does qualify as "urban':
roads, airports, scattered buildings, etec. We felt it was reascnable to
assume that these "mistakes” compensate, so we used the CBS value for
"city area" to represent what we call "urban area.” The surface water
value in the CBS data represents all bodies of water that are wider than
ém. Unfortunately, this area includes some parts of "outside" waters
such as the North Sea, the Waddenzee, and some of the estuaries in
Zeeland. Moreover, the CBS surface water areas include areas that must
be treated by DM (e.g., the major rivers) separately from the districts.
For these reasons, we corrected the surface water areas to reflect our
needs. Woodland areas were recorded to be included in the "nature"
category. The cultivated area provided by CBS in these statistics
includes not only the actual cash crops but also ditches, pathways,
verges, yards, and scattered buildings around the fields: the so-called
"gross" cultivated area.

Derivation of District Data from Municipality Data and Other Sources.
Using 4 map, we determined the fraction of each municipality lying in
each district (Table B.2). We assumed first that the various land-use
components are homogeneously distributed over the area of the
municipality. Using this assumption, we converted the CBS data inte
data describing the districts, shown in Table B.3. We then made
additional changes to the district data. First of all, we corrected the
surface water areas to account for the problems involving the
nondistrict waters and to include bodies of water narrower than 6m. We
consulted maps [6.8] and estimated, for each district, what fraction
of the total surface area consisted of bodies of water narrower than
ém--typically this area was estimated to be from 1 percent to 3 percent
of the total area. We also used these maps to estimate what part of
each district consisted of water in polders, and water in boezems.
(This distinction is relevant only in the lowlands.)

The "net" cultivated area (actual cash cropland) by district was
obtained from other sources, as described in Sec. 6.1.5. Using the
total area of each district, the urban area, the area of the surface
water (corrected as described above) and the net cultivated area, we
computed a balance term that we called "nature.”" This term includes
woods, heath, marshes, and also such areas as gardens, recreational
areas, verges, etc. The area of "woods' and gross cultivated area
compiled from the municipality data were not used, but did serve as a
rough check on our allocation procedures.

To estimate the volume of the surface water system of each district,

we assumed:

. Bodies of water broader than 6 m in polders have an
average depth of 1.25 m.
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. Other bodies of water broader than 6 m have an average
depth of 2 m.

* Bodies of water narrower than 6 m have an average depth
of 0.5 m.

The results of the computations of surface water areas and volumes
and of "nature" area by district are given in Table B.4. The
estimates for water areas and volumes are really very crude, as they
are based on simple map observations and conversions, and a number of
rough and arbitrary estimates. Therefore for some individual
districts fairly large errors should be expected.

6.1.5. Agricultural Data

Detailed information about crop areas by region is collected every year
by CBS (e.g., Refs. 6.9 through 6.11). More than 100 different crop
types are distinguished in these statistics. Crop inventories are
available by province, by municipality, and by two types of agricultural
regions: for 14 aggregate regions distinguished by the

Landbouw Ekonomisch Instituut (Agricultural Economics Institute) or for
a more detailed breakdown of these 14 regions into 122 small
agricultural regions. For the primary crop data we used the crop
inventory for the 122 agricultural regions for the year 1976 (the most
recently available data at the time.) The total areas by crop type
were held constant for the entire analysis.

Selection of Crop Types. We aggregated the 100 different crop types
treated in the CBS statistics to 13 aggregate ''types, taking into
account such characteristics as root depth, length and time of the
growing season, crop value, susceptibility to drought and salt damage,
etc. The 13 types considered are

Grass

Consumpticon potatoes

Milling potatoes

Seed potatoes

Sugar beets

. Cereals

Cut corn

Bulbs

. Vegetables grown in open air
10. Pit and stone fruits

11, OQrnamental trees

12. Vegetables grown under glass
13. Flowers grown under glass

(V= R I R T - L S

Grass alone makes up 60 percent of all cultivated area. Potatoes and
sugar beets make up almost entirely the CBS category ''tuber and root
crops.” Because of differences in value and growing season a



-157-

distinction between consumption, milling, and seed potatoes is needed.
Other tuber and root crops are not considered separately, and are
allocated proportionally across the three kinds of potatoes and sugar
beets. Cut corn represents the CBS category "green fodder," of which
cut corn actually comprises 97 percent of the entire category.
"GCereals" is the name we give to all the remaining CBS "arable"

crops, 83 percent of which are actually cereals.

What we call "bulbs" includes all open-air flower production, although
bulbs comprise 93 percent of this category. Pit and stone fruits
comprise a "pure" CBS category; apples and pears are by far the most
important individual crops. The crop type "ornamental trees' includes
the CBS categories "tree cultures” and "perennial plants.” '"Vege-
tables grown in open air" includes all the remaining horticultural
categories, including vegetables, seed onions, small fruits, and
herticultural seeds. Vegetables make up almost 70 percent of this
group, but there are many different types.

Vegetables and flowers under glass are almost pure CBS categories.
The categories "trees and fruits under glass" are included in these
two crop types, but they make up less than 2 percent of the area
containing glasshouse crops.

Primary Crop and Irrigation Data. The primary crop data shown

in Table B.5 were compiled from CBS statistics. The entry called
"other" reflects the temporarily unoccupied cultivated land
(i.e., fallow land.)

Table B.6 contains primary information about irrigated areas in

1976. The data in this table are obtained from an inquiry carried ocut
by ICW [6.12]. The table contains crop areas broken down by

three main crop groups (grass, arable crops, and horticultural crops),
four types of irrigation (sprinkling from surface water, sprinkling
from groundwater, surface irrigation from surface water, surface
irrigation from groundwater), and the 122 agricultural areas. As we
mentioned in Sec. 2.3.2, we did not make a distinction between
sprinkling and surface irrigation.

Conversion of Crop and Irrigation Data to PAWN Districts. Using a
map, we estimated what fraction of the crop area of each of the 122
agricultural regions fell in each district. We also estimated what
fraction of the land irrigated from surface water and what fraction

of the land irrigated from groundwater fell in each district. These
three fractions are given in Table B.7. Because some parts of an
agricultural region may or may not have access to good quality surface
water or groundwater, we could not assume that irrigated areas are
distributed homogeneously over the agricultural region. Based on very
crude information [6.13] about surface water supply possibilities

and groundwater availability, the conversion fractions for total crop
areas were adjusted at several places to obtain a more realistic
allocation of sprinkled areas.
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Conversion of Crop and Irrigation Data to Subdistricts. The 143
subdistricts that were distinguished are described in Table B.8.

The conversion of the district crop and irrigation data to

subdistricts was very difficult, and some arbitrary choices were made.
From the conversion of crop areas to PAWN districts we knew what crop
areas in the districts came from what agricultural regions. In most
cases a unique soil type from the range of standard scils that were
used in defining the subdistricts could be associated with each of the
122 agricultural regions. In subdistricts that were distinguished
because of differences in soil types, crops could be assigned to these
subdistricts by considering the soil types of the agricultural regions
that contributed to the district. 1In addition, a few simple rules
were used: only grass grows in peat soils, potatoes grow in clay soils
rather than sand, etc. Allocating crops to subdistricts that were
distinguished only by landform was more difficult. We used

more or less arbitrary rules of thumb. For example, we assumed grass,
consumption and seed potatoes, and horticultural crops were more likely
to be found in the low parts of the highlands than the high parts,
while crops like milling potatoes, cereals, sugar beets, and cut corn
would be found in the higher parts.

The irrigation data for subdistricts were cbtained in more or less the
same way. Knowing the contribution of each of the 122 agricultural
regions to the total surface water and groundwater sprinkled area of a
district, we found it relatively easy to allocate these irrigation data
to subdistricts distinguished by soil type. For allocatiens to the low
and high parts of the highlands, we assumed surface water sprinkling
occurred in the low parts, groundwater sprinkling in the high parts.

In allocating crop and irrigation areas to the subdistricts, we tried
to avoid creating many small areas in many places. 8Small crop and
irrigation areas within a district were allocated to only one
subdistrict and were sometimes moved to a nearby district containing a
larger area of the same crop and sprinkling type.

The results of these conversion procedures are given in Table B.9.
This table shows the vegetation areas for the 143 subdistricts broken
down into four main categories: nature, grass, arable crops, and
horticultural crops. The non-nature area is broken down further into
the 13 crop types. Sprinkled areas from both surface water and
groundwater are given only for the three major open-air crop groups,
grass, arable crops, and horticultural crops, as the ICW inquiry did
not contain information about individual crop types.

Selection of Plots. A plot is an area with a single crop type, soil
type, drainage characteristic, and sprinkling condition. Except for
crop and sprinkling type, all these properties are associated with the
subdistrict. In Table B.9 the areas devoted to each crop and the
total sprinkled area broken down into three major categories are given
for each subdistrict. It is a relatively small step to define the
plets from this table. What needs to be done is to allocate the
sprinkled areas to individual crop types within the two categories

containing more than one crop: the arable crops and the horticultural
Crops.
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We assigned weights to the arable crops and the horticultural crops
that reflected the likelihood that the crop would be sprinkled. These
weights were based on & mixture of crude data and practical
considerations derived from discussions with agricultural experts.

For arable crops on nonsandy scils, we know that milling potatces,
sugar beets, cereals, and cut corn are hardly ever sprinkled,
Therefore, we assigned sprinkling weight zero to these crops. We
assumed a given hectare of seed potatoes would be twice as likely to be
sprinkled as a given hectare of consumption potatoes, since seed
potatoes are roughly twice as valuable as consumption potatoes.

For arable crops on sandy scils, we know that milling potatoes, sugar
beets, and cereals are sometimes sprinkled. Using relative crop
values, we estimated that milling potatoes and sugar beets were about

a third as likely to be sprinkled as seed potatoes, and cereals a
tenth as likely. It is not regarded as very likely that cereals are
ever sprinkled, but cereals represent a number of crops, so we assigned
a small positive sprinkling weight to this crop type.

For horticultural crops the same set of weights was applied to all
soils. The weights were based on information provided by Reinds and Van
Hemert [6.14]. An overview of the irrigation weights by crop group is
given in Table B.10.

The allocation of sprinkled areas to crop types was the final step in
deriving the basic agricultural data. However, the initial number of
plots was very large, and many of the plots were very small. Simple
aggregation routines were applied to combine the smaller plots with
more or less comparable larger ones. The final results of these
manipulations are shown in Table 6.4.

6.2. SO0IL AND CROP PARAMETERS

The plot water, plot salt, and plot damage models, explained in

Chaps. 4 and 5, use a number of parameters that depend on the soil
types and the crop type of the plot. We will describe the files and
the sources of these parameters in this section. To corganize our
discussion, we will first discuss those parameters that depend only on
the soil types, then those that depend only on the crop type, and
finally those that depend on both the scil type and the crop type.

6.2.1. BScil Types and Soil Parameters

Selecting Soil Types. A map has been published containing as many as
156 different soil types in the Netherlands [6.7]. To make our
computer implementation practical, we needed to select a rather
limited number of soil types, based on the following criteria:
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Data about any soil type selected must be available.
Different soil types should be distinguished if properties
that affect water requirements and groundwater/surface
water interactions are significantly different.

Papers by Rijtema [6.6] and Bloemen [6.15] contain a full
description of 20 homogeneous standard subsoils. We matched each of
the 156 so0il types in the above-mentioned map to a root zone and
subsoil type chosen from this list of 20. Initially, only nine
different soil types and 16 different root zone/subsoil combinations
were selected.

In some places, the root zone soil and the subsoil are technically of
the same type. However, we found that in some of these places we were
unable to accurately estimate capillary rise, because the subscil was
in fact inhomogeneous (e.g., clay lenses). In such places, we assumed
a different subsoil type, although we used the parameters associated
with this subscil only for calculating capillary rise. For other
calculations, we used the properties of the root zone soil.

We discovered that the soil moisture capacity of the root zone soil
types described by Rijtema were considerably lower than those
estimated by an interim report of SWLT [6.16]. Apparently, the
properties reported by Rijtema hold only for subseils, and root zone
properties are generally different because of cultivation activities
and the presence of roots and organic materials. The moisture-holding
capacities of Rijtema's soils seemed to be lower than the capacities
estimated by SWLT by a factor of 1.5 for sandy soils, and by a factor
of from 2 to 3 for clay soils.

To adjust for this problem, we changed the parameters affecting the root
zone soil moisture retention properties for three sand soils and three
clay soils. Because the 20 soil types in Rijtema's paper were the only
soils for which complete data were easily available, we used these data.
For each of the 6 scils that we wanted to change, we selected a
substitute from the 20 soil types in Rijtema's paper that improved the
moisture retention properties by the necessary amount, but which still
had a pF-curve of roughly the same shape.

The soil types and root zone/subsoil combinaticns that were finally
used are presented in Table 6.5, together with the total surface area
of each combination. Soil types marked with an asterisk are the ones
that received substitute root zone properties. Subsoil types placed
between parentheses are those for which only the properties governing
capillary rise are used.

Soil Parameters. For each plot, the plot water model {PLOTWAT),
described in Chap. 4, requires 15 parameters characterizing the root
zone/subsoil combination of the plot. These parameters are ceontained in
three input files, SOILFIL, COEFFIL, and SCAPFIL, which are described in
Table 6.6, Each of the three files contains 26 records, one for each
soil type. Although only 9 soil types were actually used, data from all
20 soil types in Rijtema's paper were placed in these files, and the 6
additional scoil types described above were added later.
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The 15 scil parameters (other than root depth) associated with each
combination are listed in Table 6.7. The definitions of the parameters.
and the way they are used are explained in Chaps. 4 and 5. We point out
that the parameters ALPHA, KNULL, PSIA, PSIX, Al, A2, and A3 depend on
the subscil type; the parameters SATCAP, WILTPT, PF_A, and PF_B depend
on the root zone soil type; the parameters DEF A, DEF B, DEF _C, and
DEF_D depend on the root zone soil type for some combinations (these for
which the subsoil type is enclosed in parentheses) and on the subsoil
type for others.

The parameters contained in the file SOILFIL are all taken from Rijtema
[6.6]. The parameters in the file COEFFIL are used to evaluate the

functions FPSI’FTHETA’ and FGWL described in Sec. 5.3, while

the parameters in the file SCAPFIL are used to evaluate the functicn
FCAPRISE' We have already explained how these parameters were

obtained (in Sec. 5.3.1).

6.2.2. Crop Parameters

In Sec. 6.1.5 we explained how 13 different crop "types" were selected
for the agricultural analysis. Three data files contain data for these
crop types, described in Table 6.8. VALUFIL contains crep values in
thousands of guilders per hectare. CFACFIL contains crop factors,
relating potential evapotranspiration to open water evapcration. The
parameters of the crop damage model for both drought and salt damage are
contained in DAMFIL.

Crop Values. An overview of the crop types, their total areas, and
values for both an average and an extremely dry year are given in
Table 6.9. Crop values for an average year were obtained from actual
data for the year 1975. The values for the extremely dry year were
based on observations for the actual year 1976. Other files have been
created for vears of still different dryness, based on an
interpolation between the average and extremely dry year described
here. Appendix A describes how crop values were obtained and how the
interpclation was carried out.

Crop Factors. Crop factors by crop and decade are displayed in Table
6.10. Tor open-air crops, the potential evapotranspiration is
obtained by multiplying the open water evaporation by the appropriate
crop factor. For those crops that are only in the field during the
growing season, a ''crop factor" for bare soil is used outside the
growing season. For glasshouse crops, the crop factor is the
potential evapotranspiration {mm/day). Initial estimates for these
crop factors were obtained from Hellings [6.17] and other sources and
were revised after discussions with the agricultural experts of SWLT.

Damage Parameters. In Sec. 4.4 we explained how the damage parameters
are used. Estimates for these parameters were generally not readily
available. Using information from the literature on the subject
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(discussed below), we made a complete set of initial estimates and sent
them to the Ministry of Agriculture for comments. We then used the
comments and suggestions that were returned to change the initial
estimates. The final results are listed in Table 6.11.

Recall that for each of the thirteen crop types there are seven data
elements, four that are independent of time and three that can vary by
timestep. The parameters that are independent of time are:

*  The reduction point (RP): the ratic of actual
evapotranspiration to potential evapotranspiration
(EA/EP) where the slope of the drought damage

curve changes.

* The dying point (DP): the value of E,/E

a’Ep
where maximum drought damage begins to occur.

. The critical salt concentration (MIN}: level of
the salt concentration in the root zone where salt
damage begins.

¢ The salt damage slope (8D): the amount of salt damage
if MIN is exceeded by one unit (mg/l) during one
timestep of the growing season.

The time-dependent parameters are:

. The reduction damage (RD): the damage fraction if
EA/EP is egual to RP.

* The dying damage (DD): the damage fraction if
EA/EP is equal to DP.

¢ The remaining potential yield (YELD): the yield that
is still to be produced as & fraction of the potential
annual yield.

We estimated values for all these parameters for both open-air crops
and crops grown under glass. However, since crops grown under glass
always receive all the water they need in ocur analysis, the drought
parameters associated with these crops were never used.

Originally, the estimates discussed with the Ministry of Agriculture
were made for a timestep of one month. The parameters DP and DD were
then estimated for all open-air crops to be 0.2 and 1.0, respectively.
These estimates reflected the belief that the entire crop would die if
the actual evapotranspiration were less than 20 percent of the
potential evapotranspiration for an entire month. When these values
were used for timesteps as short as a decade, we found that the damage
model predicted far too much damage. Therefore we developed
parameters that caused the model, when run for decades, to make
monthly estimates consistent with our original intention. Values of
0.0 and 0.7 for DP and DD, respectively, were finally chosen,
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To estimate RP and RD, we accepted the following principle: if the
actual evapotranspiration for the entire growing season is equal to 60
percent of the potential evapotranspiration, then 40 percent of the
crop will be damaged. We set RP egual to 0.6, and then computed the
values for RD that met this principle. In determining values for RD,
we distinguished crops with specific drought sensitive stages from
crops without such stages. TFor crops without such stages, we assumed
RD was constant for all timesteps during the growing season. For the
other crops, weights were applied to certain timesteps, based on the
relative severity of drought over time. TFor cereals and potatoes,
these weights were estimated from information provided by Hellings
[6.18). Estimates for cut corn and bulbs were based on

information provided by LEI and the Labecratory for Research on Bulbs,
respectively.

The parameters YELD, MIN, and SD are very crop specific, and we made
separate estimates for each crop type [6.19-6.34].

6.2.3. Parameters Depending on Soil Types and Crop

For each plot, there are four parameters that depend on the crop type
and soil types of the plot. These are contained in two files, RDEPFIL
and PSIFIL, which are described in Table 6.12. RDEPFIL contains

root depths, and PSIFIL contains soil moisture tension parameters.

Root Depths. Root depths vary with crop type, but alsoc may vary from
one s0il to the next. Table 6.13 lists the root depths used, and
contains a root depth for every root zone soil/crop combination.
These depths were estimated with the help of agricultural experts of
SWLT.

B0il Moisture Tension Parameters. Two parameters in the file PSIFIL
(PST_ALPHA and PSI_BETA) centrol the simple sprinkling model described
in Sec. 4.2.1. The remaining parameter (PSI REDUCE) controls the
reduction in actual evapotranspiration that occurs as the soil dries
out. The value for PSI_REDUCE was selected after a discussion with
experts of S8WLT--as it turned out, the same value was selected for

all crops and all soils, For the sprinkling model, PSI_ALPHA was set
equal te PSI_REDUCE, and PSI_BETA was set equal to something close to
PSI_ALPHA, thus keeping the scil moisture of the root zone of a
sprinkled plot close to the critical level, and varying between narrow
bounds .

The program can accept different values of PSI_ALPHA, P3I BETA, and
PS1_REDUCE for different root zone so0il types; we used the same values
for all soils. We set PSI_ALPHA and PSI_REDUCE equal to 3.7 and
PSI_BETA equal to 3.6. (We use millimeters instead of centimeters, the
usual unit of measurement for suction. Therefore, the values for
PSI_ALPHA and PSI_REDUCE are one unit larger then some readers would
expect.)
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€.3. SPRINKLING PARAMETERS

Sprinkling parameters are contained in two files. COSTFIL contains
parameters from which the cost of sprinkling can be computed. SPRFIL
contains the parameters of the sprinkling procedure described in Chap. 5
of Vel. XIII. These files are described in Table 6.14.

The cost of sprinkling a plot depends on the creop type, whether the
plot lies in the lowlands or the highlands, and, if the plot lies in
the highlands, whether the water is taken from the surface or the
ground. Costs also vary with region, because type and size of farms
vary with region and hence, type and size of sprinkler installatiecn
used. We assigned each subdistrict to one of 14 LEI agricultural
regions, as shown in Table B.11. Volume XIII explains how data
describing these regions were used to obtain our sprinkling cost

parameters. Both energy and labor cost parameters are displayed in
Table 6.15,

The file SPRFIL contains two parameters for each root zone/crop
combination. They are displayed in Table 6.16. Volume XIII explains
how these parameters were derived.

6.4. BASIC DRAINAGE PARAMETERS

As we explained in Sec. 2.1.2, gravity causes water to flow from
the saturated zone of the highlands intoc brooks and streams. The
phencmenon is called basic drainage. We assume that in any
subdistrict, the rate of basic drainage is & simple function of the
groundwater level:

DRAINAGE = CONSTANT + COEFFICIENT x GROUNDWATER LEVEL.

Therefore, we assigned to each highlands subdistrict two basic
drainage parameters, the constant and coefficient in the above
expression.

It was impracticable to estimate a different pair of parameters for each
subdistrict. Instead, we partitioned the highlands into 17

drainage regions based on geohydrologic properties (see Fig. 6.1), and
then we divided each drainage region into a "low" part and a "high"
part. For each part {low or high) of each drainage region we estimated
a single constant and a single coefficient. We describe how we made
these estimations below. The parameters so obtained are contained in
the file DRANFIL, described in Table 6.17, and displayed in Table 6.18.
Each highlands subdistrict was assigned to one of the drainage
regions--this assignment is also indicated in Table 6.18.

We estimated the basic drainage parameters in two steps:
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Tabie 6.14

SPRINKLING DATA FILES

Vile _ . _Fiwld Column  Fgrmat Lescriptiun T SGuUrce £ode |oengifier . Dewiumentation
SPRTIL SPRINKLING MODFI PARBMETERS

Breord 1
1 1= 7 Fix) Index OF toil Lype 1501 L
-1 3-58 4 Fi4,3) Sprinkling start per orop [ [CROP) SPROAT. SPR_START { 1501L, ICROP) SPR_SIART
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Elank
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GOS0,

SPRIKKL TRG COSIS

1 1- 2 E
#-15 3-58 4 F

SPR_GIFT

Rovard 1
1 Ageicul taral e 1ACH
ol "Type" of sprinkiing {PTYRD)
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¥ = 4 il
=18 S=Tu 1 tnergy costs per crap (ICROP)

Burord 2
1- 7 HEA)

I 1= b xR
P —- O - T

COS1.ENERTY_COST [ 1AGH, FIYPL, {GRAOPY

COST_ENERGY
Blank

Blana
14_Tfe) lobor cotts per crop [ ICROPG

COST, LABOR_COS1 4 1ACK, 11¥FPL, ILRGE]
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iy .I' lI
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Fig. 6.l--Drainage regions
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1. We determined representative groundwater levels for both high
and low parts of the 17 drainage regioms.

2. We estimated the drainage parameters by "calibrating" the plot
water model so that it accurately replicated these groundwater
levels.

In step 1, we obtained bimonthly groundwater level data from 224 wells
from the period 1953-1977 [6.35]. We assigned each of these 224
wells to one of the 17 drainage regions. Wells with an average
groundwater level less than 100 cm below the socil surface were
assigned to the "low" part of the drainage regions, and the remaining
wells were assigned to the "high"” part. Thus, we obtained 34 sets of
measured groundwater levels, with several individual wells in each
set. Within each set, the individual observations were averaged to
obtain a "representative"” time series of groundwater levels for the
part (low or high) of the drainage region to which the set of
measurements belonged.

In step 2, we developed a special version of the plot water meodel that
read the groundwater measurements developed in step 1 as data, and
calculated the basic drainage as a balance term after all other water
flows were calculated. We ran this model for the years 1967 through
1976, and we obtained a time series of groundwater levels (measured)
and amounts of drainage (computed} for each part of each drainage
region. From this time series, we calibrated the model by estimating
the drainage parameters using ordinary least squares regression.

The correlation coefficient between measured groundwater levels and
calculated drainage was not very high. Analysis showed that the
groundwater levels computed by the plot water model were not very
sensitive to changes in the slope of the basic drainage function, as
long as the parameters were chosen so that the model correctly
predicted long-term average groundwater levels. We used this fact to
make some adjustments in the derived basic drainage parameters in
order to obtain better water flow calculations in some districts. We
will discuss these adjustments in Chap. 7.

It is important to note that by calculating the basic drainage as a
balance term, after all other flows are calculated, the drainage
includes all terms not otherwise accounted for. In particular, basic
drainage includes extractions of groundwater by industries and
drinking water companies. If we assume these extractions are not
affected by changes in the groundwater level, then we can suppose they
are embedded in the constant term (o) of our basic drainage function.

If we had used information about groundwater extracticns by industries
and drinking water companies to estimate the basic drainage
parameters, the constant term would have been different, and we would
have had to account for these extractions explicitly in the model.
However, if these extractions are constant over the year, and if the
extracted groundwater is ultimately discharged into the surface water
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cof the district from which it is drawn (both reascnable assumptions),
then dealing explicitly with these extractions would have led to
exactly the same computations as we now obtain.

Industrial and drinking water company extractions can be specified as
inputs to DISTAG. When we want to deal with situations in which these
extractions are different from what they were when the parameters of
the basic drainage equations were estimated, we can adjust the
parameters by specifying the differences (positive or negative) from
the present case.

Agricultural extractions from groundwater (for sprinkling) that are
not constant over time are dealt with by an explicit term in the
calculation of water balances, the term I NET in the description of
the "core" model of Sec. 5.3.

6.5. EXTERNAL 3UPPLY

We use the term external supply to denote certain time-varying
quantities that are governed by climate rather than by Dutch water
management. These factors include precipitation, open water
evaporation, river discharges, and salt loads at the Dutch border,
DISTAG uses only rain and open water evaporation.

Each district is assigned to one of fourteen weather stations; we
explain these assignments in Sec, 6.5.1. External supply data are
read from a file called ESFILE, described in Sec. £.5.2. In Sec.
6.5.3 we describe the source of the data, and the manner in which
missing data were imputed.

As mentioned in Sec. 2.4, the basic timestep is called a decade.

Each month of the year contains three decades; the first two decades
are exactly ten days long, and the third contains as many days as are
needed to complete the month.

6.5.1. Assignments to Weather Stations

For the purpcse of recording, reporting, and analyzing weather data,
the Netherlands is partitioned into fifteen regions, shown in Fig.

6.2. Rain and open water evaporation measurements are published for
each region [6.36}. The rain data consist of areal averages over

many stations in each region. The evaporation data consist of
computations based on the Penman formula [6.37] for a single

point in each region. We assigned each PAWN district to one weather
statien using a map supplied by KNMI. One of the KNMI regions consists
almost entirely of Nerth Sea islands that were not analyzed by PAWN,

so this region was not used.

Table B.12 lists the fourteen weather regions used, and indicates

which districts are assigned to each region. The table also gives
surface areas.
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VLISSING

Fig. 6.2~~Weather stations
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In addition to the areal averages at the fifteen regions, point
measurements were agvailable for five weather stations, located near
the municipalities of den Helder, Vlissingen, Maastricht, Groningen,
and De Bilt. These point measurements were used to impute missing
areal measurements, as described below in Sec. 6.5.3. Finally, a
synthetic series for the IJsselmeer was available, though never used
in the PAWN analysis.

6.5.2. External Supply File

External supply data used by DISTAG--rain and evaporation--are
contained in a file called ESFILE, described in Table 6.19. External
supply data used exclusively by DM--river discharges, salt
concentrations--are described in Vol. XI. ESFILE centains two
records for each decade; the first record contains rain data; the
second contains evaporation data. In addition to external supply
data, each record indicates the year and the number of days in the
decade. It also contains two fields, one called period, the other
called timestep. For PAWN, both period and timestep were identical
to the index of the decade. Two fields allow greater flexibility.

For example, they allow us to use files containing mixtures of monthly
and decade data.

Each record contains 21 measurements. The first 5 correspond to the
5 stations where point measurements were available. The sixth
corresponds to the synthetic IJsselmeer data. The last 15 correspond
to the 15 KNMI weather regions.

As mentioned in Vol. I and elaborated in Vol. II, five years were
chosen for extensive analysis. The external supply data corresponding
to these five years are displayed in Tables 6.20 through 6.24.

6.5.53. Data Socurces

Areal rain data for the 15 weather stations were available [6.36]
from 1961 through 1978; areal evaporation data were available from
1971 through 1978. Point measurements of rain and evaporation for
five stations were available from 1930 through 1975, in the form of a
computer tape prepared by RWS [6.5]. We used the station data to
impute the regional data for all the years from 1930 through 1978.

To impute the missing regional data, we expressed the rain for each
region as a linear combination of the rain at three stations:

REGION = AXPOINTa + BxPOINT, + CXPOINTc

b

where REGION denotes the decade rainfall at a given region, and
POINTx denotes the decade rainfall at station x. The stations

were chosen and the coefficients were estimated from the years for
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which both regional and station data were available, using a stepwise
multivariate regression procedure. Similarly, we expressed the
evaporation at each region as a linear combination of evaporation at

two stations, using the same procedure. The estimates are displayed
in Table 6.25.

6.6. MISCELLANEQUS PARAMETERS

Table 3.1 listed a number of parameters that are not contained in any
of the input files. These parameters are given default values in the
program, although the values can be changed without recompiling the
program. In this section, we will discuss these parameters and
discuss how the values were obtained.

DRAIN_MAXOUT: The maximum amount of basic drainage from the high
highlands that drains directly into the distribution system. The
reason it was necessary to include this term is explained in Sec.
7.3.1. VWe set it equal to 60 mm/year, basing this estimate on a
comparison of computed and observed flows from the high highlands.

DRAIN UG: This parameter controls the amount of flushing of the root
zone of glasshouse crops. We set it equal to 200 mm/year.

LOAD RZ: The root zone salt load dne to diffuse sources of salt such

as fertilizers, pesticides, etc. We set it equal to 6 mg/m?/day
[6.4].

LOAD_SS: The subscil salt load due to those diffuse salt loads that
do not affect the root zone (e.g., salt spread on roads to melt ice).
We set it equal to 12 mg/m*/day [6.4].

RATN_CONC: The salt concentration of rain. We set it equal to 8
mg/l.

RAIN SURP: The average rain surplus over the year (the difference
between rainfall and evapotranspiration). We set it equal to 250 mm,
(Rain and open water evaporation data are reported in Ref. 6.38. We
assumed an average crop factor of 0.8.)

SPR_EFF: The sprinkling efficiency factor, the amount of sprinkling
that actually enters the root zone divided by the amount extracted for
that purpose. We set it egual to 0.85 [6.39].

SPR_EVAP: The fraction of the "lost" sprinkling water that
evaporates (the remaining "lost" water soaks intc the subsoil). We
set it equal to 0.4 {6.39].

SPRINK_CAPACITY: The maximum amount of sprinkling that can be
applied to any sprinkled field per unit of time. Based on Dutch
sprinkling system characteristics, we set it equal to 4 mm/day.
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Table 6.25

COEFFICIENTS FOR IMPUTING RAIN AND EVAPORATION DATA FOR REGIONS
FROM POINT MEASUREMENTS

Point Measurement Stations

Den Helder Vlissingen Maastricht Groningen De Bilt
Precipitation

KNMI Region

De Kooy 0.6627 0.0838 0.2253

Leeuwarden 0.2901 0.4992 0.1%97
Eelde 0.0378 0.8031 0.1178
Hoorn NH 0.5286 0.1418 0.3056
Lelystad 0.1924 0.3495 0.4261
Dedemsvaart 0.1697 0.4384 0.3582
Naaldwi ik 0.2279 0.3026 0.4960
De Bilt 0.1086 0.2519 0.6541
Winterswijk 0.2893 0.2631 0.4038
Andel 0.1752 0.1804 0.6179
Vlissingen 0.0779 0.7071 0.1951
Oudenbosch 0.4165 6.2111 0.3787
Gemert 0.1588 0.4087 0.3930
Venleo 0.6072 0.0987 0.2085
Beek ZL 0.8853 0.0313 0.1129
Evaporation

KNMI Region

De Kooy 1.0000

Leeuwarden 0.3968 0.6004

Eelde 1.0000

Hoorn NH 0.5512 0.4944
Lelystad 0.5188 0.5258
Dedemsvaar 0.5520 0.4189
Naaldwiijk 0.7697 0.2500
De Bilt 1.0000
Winterswij 0.2%15 0.6781
Andel 0.2234 0.7879
Vlissingen 1.0000

Qudenbosch 0.3640 0.6378
Gemert 0.5075 0.5100
Venlo 0.6931 0.3262
Beek ZL 1.0000
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URB CONC: The salt concentration of water that is discharged from
urban areas. We set it equal to 50 mg/l.

VOLRZ_UG: The "active" volume of the root zone used to make

salt balance computations for glasshouse crops. Because of the
almest complete control of the root zone scil moisture, we assumed
this to be a constant volume, estimated equal to 150 mm.

VOLSS UG: The "active" volume of the subsoil used to make salt
balance computations for glasshouse crops. This volume was also
assumed to be constant and was estimated to be 500 mm. The effect of
this parameter on the computed surface water salt concentration is
very limited.

SSDEPTH: The "active" subsoil depth for the purpose of making salt
balance calculations for open-air crops. We set it equal to 1000 mm,
based on inspection of the behavior of the model.

In addition to the variables described here, there are a number of
others. Some of these are related to the sprinkling model that is
described in Vol. XIII. The remaining cnes have to do with the
control of the computer program (number of iterations, tclerances,
etc.) and since they have nothing to do with the physical modeling, we
will not discuss them.
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Chapter 7

EVALUATION OF DISTAG

Any model approximates reality. It may be very accurate in some
respects, and very inaccurate in cothers. In this chapter we report on
the accuracy of DISTAG. The chapter should be read by people interested
in judging the accuracy of the PAWN results, as well as by readers
interested in technical aspects of DISTAG.

7.1. INTRODUCTION

Throughout PAWN, we continually reexamined and attempted to improve
DISTAG. Data and parts of models were changed many times, although
not all problems were solved in a completely satisfactory way. While
much time was devoted to testing the model, we lacked sufficient time
and data to do a complete validation and sensitivity analysis. This
chapter contains only a limited discussion of these matters.

In many instances, we were helped by Dutch agricultural experts,
contacts with whom were coordinated by the Ministry of Agriculture and
Fisheries. Contacts with the agricultural experts of SWLT' were
especially important.

DISTAG computes many quantities. Since it was developed for the PAWN
analysis, it should be more accurate for quantities that are critical
to the PAWN analysis. In areas where PAWN is less concerned, the
accuracy of DISTAG is less important. We discuss the quantities for
which high accuracy is desired in Sec. 7.1.1.

There are three standards by which we evaluate DISTAG:

* Theoretical basis of the model.
. Comparisons between computations and actual measurements.
. Sensitivity of results.

These three standards are defined more completely in Sec. 7.1.2
through Sec. 7.1.4,

7.1.1. Where Should DISTAG Be Accurate?

As Vol. I describes in much more detail, PAWN is a study of the
national water management system of the Netherlands. It emphasizes
the nation as a whole, not local regions, and considers time intervals
of about a year. Therefore DISTAG needs to make accurate estimates
when the estimates are aggregated over rather large regions and long
intervals of time.
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The specific estimates made by DISTAG and used by PAWN are:

. Discharges into and extractions from the nodes of the
distribution system.

* Salinity in each district.

. Crop damage over large regions.

. Groundwater levels, averaged for the year and for large
geographical regions.

. Sprinkling quantities and costs.

In this chapter, we will discuss the accuracy of the first four of these
five estimates. The fifth estimate , sprinkling gquantities and costs,
is discussed in Vol. XIII.

7.1.2. Theoretical Basis of the Model

A model is theoretically sound if it is based on well-accepted and
appropriate physical laws. (Alternatives to such a model include
strictly empirical ones, or models based on statistical analyses.)

When practical, a theoretically sound model is preferable to an
empirical or statistical one. First, such a model provides better
insights. Second, it gives more reliable results when it is applied to
situations for which no measurements of the real world exist, either
because the measurements have never been taken or because the new
situation has never before existed.

On the other hand, a model based purely on theory can have two
disadvantages. First of all, such a model may need more data than can
be gathered. Second, it may be so complicated that the costs of
development and application become too high.

DISTAG is for the most part based on physical laws, but it contains
some parts that are largely statistical (e.g., the basic drainage
functions) or empirical, and it contains some computational shortcuts.
Furthermore, it deals with rather large aggregates, for which the
underlying scientific principles can only be regarded as
approximations.

In following sections, we will point out those parts of DISTAG that
are soundly based on scientific principles, and then we will discuss
the uncertainties. We deal with uncertainties in three ways. First,
we can sometimes validate the model by comparing its computations with
dactual measurements. Second, we can calibrate the model (estimate an
uncertain parameter) by making similar comparisons. Third, we can
examine the sensitivity of its computations to various assumptions.
These three aspects, validation, calibration, and sensitivity
analysis, are discussed briefly in the next three subsections.
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7.1.3. Validatien

When a model of some "real world" situation is found to replicate
actual measurements of that situation, we say the model is valid.
While a valid model is necessary if one is to accept conclusions based
on it, it is not sufficient. For example, a strictly statistical
model may replicate the real world measurements upon which it is based
rather well, but it may be impossible to adapt the model to a new
situation. However, a theoretically based, valid model may be
expected to produce estimates that are reasonably close teo real world
measurements for many different situations.

When we compare model results with measured data, we encounter two
major difficulties:

. Existing measurements do not always coincide with what is
being modeled.
* Measurements are not always available or accurate.

Many of our computaticnal results are highly artificial. They apply
to modeling units such as districts, subdistricts, and plets that were
specifically defined for the PAWN analysis and cannot always be
associated with actual gecgraphical entities. The plot, for example,
corresponds to a scattered collection of fields containing the same
crop type, and the crop types themselves are mostly aggregates of
individual crop types. The surface water system of a district is
regarded as a single body of water, but the actual volume of water to
which this body corresponds may consist of a collection of ditches and
boezems that are not always connected together. Crop damages are
expressed as a fraction of an estimated potential annual yield,
whereas the actual potential yield varies from year to year. Time-
dependent variables are computed as a constant over a timestep of
about ten days, while in reality they may vary widely over much
shorter intervals.

Actual data are limited, and their accuracy may sometimes be
questioned. Flows in the big rivers and major canals are measured
frequently and quite accurately, but not so in the smaller waterways
and at the less important discharge/extraction points. Estimates of
flow volumes may be based on pumping hours or fuel costs, and certain
flows are only measured up to the point where unmeasured emergency
drainage facilities begin to operate. Small-scale phenemona--
infiltration losses from ditches, capillary rise, salt concentration
in root zones--are rarely measured, and are sometimes nearly
impossible to measure. Crop damage cannot be measured in a way that
is fully comparable to our model results, because actual crop
production levels depend on things not related to water management
circumstances (e.g., damage due to disease, wind, hail, frost, ete.).
Much of the available crop price information is based on quantities or
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values supplied by auctions, and so it is confounded with market
effects (e.g., imports, exports, price supports, etc.).

7.1.4. Calibration

DISTAG contains some parameters that do not correspond to well-
defined measurements (e.g., the parameters of the damage model). Omne
way to estimate these parameters is to use the model and, by trial and
error, find values such that the model results more or less agree with
comparable measurements. Such a process is called calibration. All
the problems with measured data that were discussed above apply to the
use of measurements for calibration. In addition, one is faced with
the problem of trusting the calibrated model when it is later used in
a different situation.

7.1.5. G8ensitivity Analysis of Results

When a model contains uncertain assumptions, we can run the model with
alternatives to these assumptions and compare its results. If the
results do not change very much under different assumptions, we can
use the model believing that the exact assumptions may not matter very
much anyway. If the model results are semsitive to assumptions, then
we need to treat conclusions derived from the model with caution.
Using sensitivity analysis, we may learn how and under what conditions
our conclusions will change.

7.2. THEORETICAL BASIS OF THE MODEL

In this section, we will discuss the scientific and technical aspects
of the four main classes of DISTAG estimates: discharges and
extractions, salinity, crop damage, and groundwater levels.

7.2.1. Discharges and Extractions

Discharges and extractions from a district are computed using the plot
water model (PLOTWAT) and DISTAG itelf. We discuss each in turn.

The Plot Water Model. The model treats two lavers (root zone and
subscil) in one dimension, and all possible flows between the layers,
between the rcot zone and the atmosphere, and between the subsoil and
the surface water system. At its core is the steady state
relationship between soil moisture tension at the interface of the
root zone and the subsoil, the greoundwater level, and capillary rise.
This part of the model is based on the model of Rijtema [7.1], which
is generally accepted and has been used in several other studies.
Actual evapotranspiration is calculated as a function of available
root zene soil moisture and potential evapotranspiration. Drainage
from the subscil is based on Darcy's law.
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In the course of the PAWN study, one of our colleagues, J. De Haven,
suggested that drainage calculations based strictly on Darcy's law
using gravitational head differences may seriously underestimate
lowlands drainage. This suggestion is discussed in App. C.

We point out several uncertainties embedded in the plot water model.

. Basic drainage in the highlands is treated with a model
derived from a statistical analysis of historical data.

. A simple iteration scheme was intrcduced to compute
capillary rise in order to reduce computing costs.

. An empirical function was developed to simplify calculaticn
of capillary rise.

We will discuss these uncertainties below.

Water Flow Calculations in DISTAG. With respect to water flow
calculations, DISTAG is largely an administrative model. It uses
PLOTWAT to compute plot water flows, adds these flows up, adds in
flows to and from the surface water system and the urban area of the

district, and computes a net discharge or extraction. Mass balances
always hold.

Three assumptions built into DISTAG may be questioned. First, we have
assumed that level control is absolute. That means flows into and out
of the district are determined in such a way that the volume of water in
the district remains constant. In practice, such a situation does not
occur everywhere, especially in drought vears.

Secend, we have assumed that urban runoff is available within the
district in which the urban area occurs. In some places, however, this
flow goes directly into the national system, or the sea. However, the
flow is small, and practically nonexistent in dry periods, when the
accuracy of the computations is most critical.

Third, we have assumed that only part of the basic drainage generated
in a district is available within that district. The remaining part
is assumed to flow out of the district as a groundwater flow, where it
eventually ends up in the rivers and bigger streams of the national
distribution system. The amount that flows out has been estimated on
the basis of measurements of net discharges and extractions from
rather large areas and is subject to uncertainty, 1f not controversy.

7.2.2, Balinity in District Waters

The salinity of the water discharged inte the surface water of a
district is computed by PLOTSLT using the basic salt model. DISTAG
then uses the basic salt model to compute the salinity of the district
surface water itself, and then estimates how much salt flows out in
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the discharged water. The distribution medel uses these flows to
estimate salinities at nodes.

The Plot Salt Model. The model is quite simple. It assumes salt mixes
perfectly in the root zone and in the "active" layer of the subsoil, and
uses the basic salt model, described in Sec. 4.3.1. Mass balance is
always maintained, so if the inputs to the model are correct, we can
only question the time phasing of the outputs.

The size of the "active" volume of the subsoil is uncertain, and its
value somewhat affects the rate at which salt passes through the plot,
The sensitivity of salt concentrations and damages to this active
volume is described in Bec. 7.4.6.

Salt Computations in DISTAG. As with the water flow computations,
DISTAG mostly performs a bookkeeping funmction with salt flows.

The assumption that salt mixes completely in the district waters is
probably too simple, because, at least in the lowlands, these waters
consist of polder ditches and boezem waters that are not directly
connected together, and flow rates are quite different in different
places.

7.2.3. Crop Damage

Crop damages are computed only in plots. DISTAG merely adds them up.
Therefore, we need to consider cnly the plot damage model.

The drought damage model is based on two very simple assumptions:

. Drought damage depends primarily on the ratio of actunal
evapotranspiration over potential evapotranspiration.
. The smaller this ratio, the greater the damage.

Similarly, the salt damage model is based on two assumptions:

. Salt damage depends primarily on the salt concentration
of the soil moisture in the root zone.

. Below a certain point, no damage occurs. Above that peint,
the greater the concentration the greater the damage.

Our damage models are simple implementations of these assumptions.
The dynamic simulation over time and the fact that we consider
different crops, each with specific features (e.g., growing season,
drought sensitive stages), make the model scmewhat complex. Much
more complex and detailed crop yield models do exist, but they seemed
neither feasible nor appropriate for PAWN.
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7.2.4. Groundwater Levels

Greundwater levels are computed by PLOTWAT, and averaged over
subdistricts by DISTAG. How accurate these levels are depends on how
accurate PLOTWAT is in computing them.

The computation of groundwater levels is based on the same theoretical
model used to calculate capillary rise. In the lowlands the levels
are strongly related to the water levels in the surrounding ditches.
In the highlands, they depend on the basic drainage functions, which
were estimated by a statistical procedure that used the match between
measured and calculated groundwater levels as an estimation criterion.

In order to improve estimates of basic drainage, the basic drainage
parameters were changed. In Sec. 7.3.4 we show that the plot water
model still gives reasonable estimates of groundwater levels.

There is some question as to whether in the high highlands the
dependence of groundwater levels on capillary rise should be
maintained. We discuss this problem in Sec. 7.4.3.

7.3. COMPARIBONS BETWEEN COMPUTATIONS AND ACTUAL MEASUREMENTS
7.3.1. Water Flow Computations

It is difficult to compare computational results at the level of a
plot with measured data because hardly any data exist at this level.
Therefore we used DISTAG to evaluate the models on the basis of larger
flows.

Water Flows in the Highlands. Section 6.4 describes how we initially
estimated the parameters of the basic drainage model. These parameters
were later changed, and the ones actually used for the PAWN analysis
were developed as follows. In addition, several other changes to the
original formulation of DISTAG were made.

When we compared calculated flows with measured flows for a number of
small rivers in Drenthe, Overijssel, Gelderland, and Noord-Brabant,
using the original basic drainage parameters, we found two serious
discrepancies:

¢ The calculated annual flows were larger than the measured
ones.

. The variation of the calculated discharges over the year was
not as great as the measured ones--typically computed winter
discharges were toc small and summer discharges were too big.
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After some investigation, we identified several features of the model
which, when changed, resulted in lower discharges.

1. We originally assumed that the amount of rain entering the rcot
zone was egual to the amount specified in the external supply
data file. In fact, a small fraction of the rain that falls
evaporates immediately--the process is called interception.

We installed the capability of reducing the rain by a fraction,
called the interception fraction.

2. VWhen plants die, they do not transpire, and we had originally
reduced the potential evapotranspiration from the land by
multiplying it by the survival fraction. However, a small
amount of evapeoration continues from the surface of the bare
soil. We added this evaporation term to our water balance
calculations.

3. Not all drainage from a highlands district necessarily flows
into the surface water system of the district itself. Instead,
it may flow deep underground and enter the surface water
system of some other district. We installed a feature in
DISTAG that removed a certain constant amount of drainage each
timestep, if enough drainage were available. This drainage
(called "outside drainage') is passed as an output to the
distribution model, so that it can be added to the distribution
system where it seems appropriate.

4. The basic drainage functions were recalibrated to cause a
stronger variation of discharges over the year. In this
recalibration we used the fact that the average computed
groundwater levels are not very sensitive to the slope of the
basic drainage functions, which enabled us to change the
behavior with respect to generated discharges without affecting
the computed groundwater levels very much.

Table 7.1 and Figs. 7.1 and 7.2 show the computed and measured
discharges for the catchment areas of the Vecht in Overijssel and the
Dieze in Neoord-Brabant, respectively, for the years 1973 through 1976.
The location of these areas is shown in Fig. 7.3. The model still
seems to produce too much drainage in the Vecht during dry periods.

In the Dieze area, the model seems to underpredict drainage somewhat
in dry periods. During wet periods, the model computes discharges
that are far larger than the ones observed. However, we can attribute
this last observation to the fact that in times of high discharges,
emergency draingge facilities were used, and the flows in these
facilities were not added to the measurements.

Given the uncertainties that still surround the drainage computations

and the fact that in most areas the computed water balances tend to
underestimate shortages, special care should be taken in:

. Predicting peak demands in the highlands.
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Table 7.1
MEASURED AND COMPUTED DISCHARGES FOR THE VECHT AND DIEZE
(m?/s)
------- Vecht------- -~=-=-~-Dieze-------

Year Month Measured  Computed Measured Computed

1973  Jan 7.7 11.0 10.1 10.5
Feb 30.0 26.2 21.8 28.7
Mar 22.1 22.5 12.7 24.5
Apr 23.3 19.8 17.9 23.6
May 12.5 12.3 13.7 15.3
Jun 0.5 6.3 7.5 9.4
Jul ~0.8 7.9 4.5 11.6
Aug -0.6 4.6 4.4 3.7
Sep 1.4 6.5 3.6 5.1
Cct 9.1 7.6 8.2 6.5
Nov 14.5 13.9 9.4 9.4
Dec 39.9 36.8 18.8 24.8

1974  Jan 32.5 33.3 17.7 33.8
Feb 28.2 27.7 22.4 47.6
Mar 18.1 19.0 20.2 32.4
Apr 1.0 10.7 8.5 19.4
May -1.8 9.8 8.2 15.6
Jun -2.0 6.1 5.3 9.5
Jul 0.3 5.4 7.0 7.0
Aug -1.0 1.5 7.0 3.9
Sep 0.6 4.1 11.2 9.5
Oct 7.9 13.8 20.0 20.7
Nov 74.7 31.5 33.6 48.5
Dec 58.0 56.2 30.7 78.1
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Table 7.1 {continued)

------- Vecht------- ~---~--Dieze---====
Year Month Measured  Computed Measured Computed
1975 Jan 49.8 49.9 29.1 59.7
Feb 32.1 35.7 24.5 40.1
Mar 27.2 29.1 26.5 36.4
Apr 29.1 31.2 23.3 32.9
May 12.9 18.1 10.6 i8.6
Jun 0.2 12.2 9.8 18.0
Jul -0.2 11.3 6.6 9.6
Aug -2.5 5.1 3.9 3.7
Sep ~1.5 4.6 4.5 4.1
Oct -1.1 0.5 5.5 0.5
Nov -0.7 4.4 8.6 9.1
Dec 2.4 5.4 5.9 6.5
1976  Jan 25.2 35.8 22.4 26.8
Feb 22.4 20.9 16.5 19.9
Mar 8.9 11.6 10.8 11.1
Apr 0.2 4.1 8.2 5.0
May -3.2 3.7 5.5 4.9
Jun -1.5 1.2 2.5 1.2
Jul -0.4 1.3 1.6 0.4
Aug -1.3 0.5 0.2 -1.8
Sep -0.7 2.3 2.8 2.9
Oct -2.4 1.2 3.4 2.2
Nov -1.3 2.4 5.2 7.7
Dec 0.4 16.9 8.8 19.7
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VECHT AREA

B4
~(‘ DIEZE AREA '

Fig. 7.3--Location of the Vecht and Dieze areas
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Evaluating highlands policies when demands are low.
* Determining impacts of highlands policies on groundwater
levels and river discharges.

Some sensitivity analysis has been carried out for the basic drainage
functions, which we discuss in Sec. 7.4.

We should emphasize that the measured and computed water flows in both
the lowlands and the highlands are subject to some degree of
uncertainty. Moreover, in the highlands it is difficult to match the
actual watersheds with PAWN districts. Therefore, discrepancies
between computed and measured flows might be observed even if the
models did a perfect job.

Water Flows in the lowlands. Measurements were available for four
lowlands regions:

Rijnland
Friesland/Groningen
¥Flevoland
Schermerboezem

. & » @

The districts comprising these regions are shown in Fig. 7.4.

In Rijnland, we had seven years of observations (1970-1976)}. The
computed and measured flows matched reasonably well for the years 1972
through 1976. The overall annual discrepancies were always smaller than
1.5 m*/s with an average annual (absclute) flow on the order of 15

m®*/s. Moreover, both the average annual discrepancies and the
discrepancies by decade had varying signs, so there does not seem to be
any systematic error. The match between computed and measured flows was
not as good for 1970 and 1971, but it was later discovered that some
measured flows were subject to big errors in those years. Table 7.2 and
Fig. 7.5 show the measured and computed discharges for Rijnland for the
years 1973-1976. The match is generally reasonable. Water shortages in
1973, 1974, and the slightly dry vear 1975 are predicted well, although
sometimes overestimated just a little. The peak shortages in the
extremely dry year of 1976 are underestimated to a large degree. The
main reason for this underestimate is that the levels of the ditches
were raised in the summer, which caused an extra temporary demand.
Because DISTAG always treats the water volume as fixed, it does not
reflect this situation. (A rise of 20 cm over a period of a month in
Rijnland roughly corresponds to a water flow of 5 m®/s.)

In Friesland and Groningen only two years of data were available, 1975
and 1976. The comparisons between measured and computed data are given
in Table 7.3 and Fig. 7.6. As with Rijnland, the match is reasonable.
Again, we find that shortages are predicted well in 1975, but
underestimated in 1976 because of the raised water levels in summer.
Because of the large water areas in Friesland and Groningen, the raised
levels account for considerable extra demand.
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SCHERMERBOEZEM

RiJNLAND

:
J Fig. 7.4—-Location of Rijnland, Friesland/Groningen, Schermerboezem,

f Flevoland, and drainage region 4
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Table 7.2
MEASURED AND COMPUTED DISCHARGES FOR RIJNLAND
(m?/s)

Year  Month Measured  Computed

1973 Jan 8.1 5.0
Feb 22.8 18.6
Mar 6.1 3.8
Apr 6.1 5.0
May 4.5 2.7
Jun -5.4 -3.8
Jul -0.1 0.1
Aug -6.4 -3.5
Sep 8.2 5.0
Oct 28.5 20.9
Nov 23.8 28.0
Dec 28.5 24.6

1974 Jan 17.6 17.6
Feb 15.5 12.4
Mar 13.1 13.6
Apr =3.7 -2.5
May -1.5 4.3
Jun -1.2 -2.9
Jul 3.3 0.0
Aug -0.6 -0.5
Sep 14.2 16.5
Oct 51.9 48.8
Nov 35.5 36.6
Dec 32.4 28.7
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Table 7.2 (continued)

Year Month Measured  Computed

1975 Jan 30.3 28.9
Feb 10.1 8.2
Mar 17.5 20.3
Apr 16.9 13.3
May -2.4 -2.7
Jun -0.9 -2.0
Jul -4.5 -5.0
Aug -6.3 -4.6
Sep 4.1 2.4
Qct 1.9 -0.4
Nov 16.1 19.9
Dec 13.4 12.0

1976  Jan 24.2 29.7
Feb 11.4 5.2
Mar 3.9 3.5
Apr -3.4 -2.6
May -6.9 -6.9
Jun -7.0 =7.3
Jul -15.3 -9.7
Aug -13.8 -8.3
Sep 6.2 3.9
Oct 5.9 2.2
Nov 7.6 5.5
Dec 20.7 25.6
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Table 7.3

MEASURED AND COMPUTED DISCHARGES
FOR FRIESLAND/GRONINGEN

(m®/s)

Year Month Measured  Computed

1975  Jan 180.8 116.3
Feb 83.4 81.6
Mar 60.3 57.8
Apr 84.4 80.6
May 32.9 36.0
Jun -5.2 -1.9
Jul Q.5 -4 .4
Aug -17.7 -20.2
Sep 4.4 -3.3
Oct 8.1 1.8
Nov 44.4 77.4
Dec 82.6 91.2

1976  Jan 181.1 223.1
Feb 108.7 73.2
Mar 32.0 27 .4
Apr -7.6 1.8
May -10.6 -7.8
Jun -20.1 -23.8
Jul -54.1 -28.4
Aug 44 .7 -25.7
Sep -2.4 -6.1
Oct 8.6 -2.3
Nov 21.3 17.0
Dec 30.5 153.0
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In Flevoland the computational results are greatly affected by the
assumed rates of seepage. The observed discrepancies between computed
and measured flows could have been eliminated if we had slightly
changed the seepage rates and the fraction of seepage directly flowing
into the surface water. Because the amount of seepage and the
phenomena related to seepage flows are subject to a great deal of
uncertainty, there is no reason to question the model's basic behavior
because of these discrepancies, although perhaps the input data could
have been improved.

In Schermerboezem the measured discharges were always substantially
greater than the ones computed by DISTAG. On the basis of rough
annual water balance computations, it appears that the measured data
are not consistent. However, discussions with the local experts
failed to turn up any explanations for these inconsistencies.

After examining these lowlands discharges, we believe that DISTAG
computes lowlands water flows with sufficient accuracy for PAWN.
However, as the example of Schermerboezem shows, there is always the
possibility of substantial discrepancies at some locations, caused by
the omission of specific conditions or erronecus inputs.

7.3.2. 8Salinity Calculations

The salt concentrations observed in national and regional waters
result from complicated interactions among the many parts of the
system, The only meaningful way to compare calculated salt
concentrations with measured ones is to look at the results of the
Distribution Model, which deals with interactions between districts
and the distribution system. We compared the situation observed in
1976 with that predicted by our models. The match seemed reasonable
with respect to

* The overall picture of salty and less salty regions.
. Salt concentrations at nodes and districts.

However, these findings are hased on rough indications rather than
solid comparisons. There are a number of reasons why a more thorough
validation could hot be carried out:

. The model's level of aggregation is not appropriate for
localized aspects of salinity.

. Measurements are often done at specific locations that are
not representative of larger parts of the system.

. Parts of some boezems are associated with nodes of DM,
whereas other parts and polder waters are associated with
district water. Therefore computed salt concentrations are
not always comparable with measurements.
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* Measured data are very sparse in time, while salt
concentrations may vary considerably over time.

In Figs. 7.7 and 7.8 we compare measured and computed chloride
concentrations for the districts Delfland and Rijnland for the year
1976. In Delfland, measured data were available for a few months of the
summer [7.2], for both the entire boezem of Delfland and for the
Westland area separately. Westland is the most important glasshouse
area in the Netherlands. We compare the measured values with computed
ones for both the district and the DM node that represents Delfland. As
can be seen in Fig., 7.7, the order of magnitude is roughly the same,

For Rijnland we alsc compared the measured boezem chloride ceoncentration
{7.3] with the computed concentrations for both the district and the

DM node. As Fig. 7.8 shows, computed chloride concentrations are lower
in the first part of the summer half-year and quite a bit higher in the
second part. The overall averages are roughly the same. Within the
limitations mentioned above, we believe the model results agree
reasonably with actual measurements.

7.3.3. Crop Damage

For reascns outlined in Sec. 7.1, it is not possible to make any
direct comparisons between computed and observed crop damage. We
compared our model to the ''real world" by considering more global
information.

It was never our aim to have models that accurately predict absolute

ields. Instead, we wanted a flexible instrument to estimate
agricultural damages caused by changes in the quantity and/or
quality of available water. Such damages are computed by comparing
yields in different situations. Hence it can be expected that
systematic errors cancel when numbers that reflect two different
situations are subtracted. We will discuss drought damage and salt
damage separately.

Drought Damage. We paid the most attention to (very) dry vears, in
which substantial crop damage occurred, especially 1976 because it is
the most extreme and recent year. From some general literature and
information {7.4-7.7], we learned:

. In 1959 the average yield reduction of arable crops
was around 12 percent.

. In 1959, in the driest part of the country, yield
reductions were arcund 35 percent

. In 1976, in the peat areas of Groningen and Drenthe yield
reductions for arable creps (mostly milling potatoes)
were around 30 percent.
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* In 1976 there was "gquite some" damage to fodder crops
(grass, cut corn) and considerable damage to milling
potatoes. Consumption potatoes suffered less damage,
and seed potatoes still less. Cereals and sugar beets
suffered damages on sandy scils, but sometimes there
was an above normal production en clay socils.

This latter observation is consistent with the
experience in other dry years.

. In 1976, at some critical locations, crops were
destroyed completely.

There are two problems involved in comparing estimates of our model
with actual observations:

. Observed damages are expressed as comparisons with
the "normal” situation, yet even in the "normal”
situation some damage will occur.

. In dry years, there is generally more sun,
and therefore the potential production of certain
crops may be higher, even if the drought damage
is higher too.

Here is an example inveolving these two problems:

Suppose "normally" 10 percent of the potential yield is
damaged, and in some dry year, 40 percent of the potential
yield is damaged. Suppose further that in the dry year the
potential production is 125 percent of the potential
production in the normal year. Then the observed damage
(i.e., the difference between the observed production of the
two years, normal and dry), expressed as a percentage of
"normal" yield, is

(100 - 0.1x100) - (125 - 0.4x125) = 13 percent.
We ran DM for the vears 1967, 1959, and 1976. We adjusted the computed

damages using the procedure illustrated in this example, assuming:

¢ 1967 was a "'mormal' year.
. Potential productien in 1959 was 20 percent above normal.
. Potential production in 1976 was 25 percent above ncrmal.

Using these rather crude assumptions, we computed the following
yield depressions for arable crops:
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. For 1939:
Consumption potatoes 1 percent
Milling potatoes 24 percent
Seed potatoes -10 percent (increase in production)
Sugar beets 7 percent
Cut corn 33 percent
Cereals 2 percent
. For 1976:
Consumption potatoes 16 percent
Milling potatoes 40 percent
Seed potatoes -4 percent (increase in production)
Sugar beets 9 percent
Cut corn 46 percent
Cereals 11 percent

These observations are not inconsistent with our general impression of
the actual sitvation. For milling potatces and cut corn the
calculated damages seem high. (High calculated damages were also
observed for some other crops.) The model indicates that in 1976 in a
number of highlands districts some crops were almost totally destroved,
In fact, crops were occasionally destroyed totally in 1976, but never
on really large areas. Hence, we feel the model probably
overestimates damage, at least for some crops at some locations.

S8alt Damage. Open-air crops do not generally suffer salt damage,
because

. Most open-air crops are not very sensitive to salt.
. Salt brought into the root zone by sprinkling (the main source
of salt) is diluted and flushed out by rain.

Glasshouse crops do suifer salt damage, because they are very
sensitive to salt, and salt is not diluted and flushed out by rain.

As a rough indication of this fact, the Experimental Station for Crops
mnder Glass at Naaldwijk has estimated that in an average situation
about 10 percent of the potential annual yield of glasshouse crops is
damaged by salt in the midwestern part of the Netherlands,

Except for a few specific locations, where the salt concentration of
the seepage water is very high, our model predicts very little salt
damage to open-air crops. The model predicts that about 10 percent of
the glasshouse crops are damaged by salt in normal and moderately dry
vears, and around 15 to 20 percent are damaged in an extremely dry year
{like 19763, These results indicate that our model seems to be
sufficiently accurate for PAWN.



-221-

7.3.4. Groundwater levels

Table 7.4 and Fig. 7.9 give a comparison between observed and

computed groundwater levels for the "high" part of drainage regiomn 4,
for the years 1973-1976. The location of this region is shown in Fig.
6.1. The computations were based on the basic drainage functions
described in Sec. 7.3.1. The match between computed and measured
groundwater levels is reasonable, despite the changes to these
functions. The discrepancies are on the order of 5 to 15 cm, while the
match over time locks fairly close. Overall, the computed groundwater
depths tend to be & little higher (i.e., further below the soil
surface) than the observed ocnes.

7.4. SENSITIVITY OF RESULTS

Uncertainties in the model that could not be resolved by comparing its
estimates with actual measurements have been examined by testing the
sensitivity of its predictions to assumptions. The specific areas
repcrted in this section are:

The capillary rise iteration scheme
The empirical capillary rise function
The groundwater function

Basic drainage functions

Damage model parameters

7.4.1. The Capillary Rise Iteration Scheme

In Sec. 5.3.4 we described the iteration scheme used to compute water
flows in a plot when capillary rise is positive. In cur scheme, we
always stopped after three iterations. An alternate would have been
to continue the iterations until the flows stabilized (e.g., until
capillary rise in successive iterations differed by less than, say,
0.1 mm/day).

An earlier implementation of the model used this alternative iteration
scheme. The number of iterations depended mainly on the starting
value given to capillary rise. During changing weather conditions
(spring or fall), it was difficult to find good estimates, and it
often took many iterations until stable values were reached. We
found, however, that if we stopped after three jiterations regardless
of how much the estimate of capillary rise was changing, the resulting
"error'" did not affect the aggregated results of the model. An
overestimate of capillary rise in one timestep leads toc a bigger
subsoil deficit, a deeper groundwater level, and a decrease in rcot
zone suction. The deeper groundwater level and decrease in root zome
suction leads to a lower capillary rise in the next timestep. Thus,
an "error" in one timestep is compensated for in the next. Moreover,
these "errors” happen mainly in the spring, and during that period
there is normally enough water stored in the root zone so that plants



-222-

Table 7.4

MEASURED AND COMPUTED GROUNDWATER
LEVELS IN DRAINAGE REGION 4

(zom)

Year Month Measured Computed

1973  Jan 2720 2499
Feb 2405 2259
Mar 2363 2343
Apr 2370 2347
May 2517 2508
Jun 2660 2564
Jul 2740 2570
Aug 2548 2578
Sep 2765 2601
Oct 2485 2677
Nov 2242 2412
Dec 2065 2076

1974  Jan 2145 2090
Feb 2247 2212
Mar 2320 2382
Apr 2570 2479
May 2632 2511
Jun 2660 2557
Jul 2620 2681
Aug 2655 2741
Sep 2630 2753
Cct 2430 2550
Nov 2156 2187

Dec 1915 1698




Table 7.4 (continued)
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Year Month

1975

1976

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

Measured

1772
1935
2158
2183
2073
2323
2392
2420
2540
2560
2588
2510

2188
2118
2423
2453
2538
2560
2595
2595
2678
2833
2825
2698

Computed

1780
2052
2185
2196
2391
2451
2463
2514
2663
2755
2761
2745

2159
2323
2539
2637
2653
2664
2669
2667
2679
2729
2754
2457
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do not suffer drought damage anyway. Thus the damage calculations of
the model are not affected by this simplification of our model.

Two examples illustrating the differences between the full iteration

scheme and the limited one actually used in the analysis are given in
Table 7.5.

7.4.2. The Capillary Rise Function

To reduce computational costs, we derived a formula that gives the
capillary rise as a function of the root zone suction and groundwater
level. The formula is described in Sec. 5.3.2. The alternative to
using the formula is also described in Sec. 5.3.2--this alternative
involves solving a complicated nonlinear equation.

The simple formula gives values that are within 0.05-0.1 mm/day of
the complicated alternative. This difference is small enough for most
purposes, but in some cases it makes a difference, especially:

During extremely dry periods in the lowlands.
*  When the groundwater level is deep (more than 130 cm
from the soil surface).

During dry years the capillary rise is of vital importance for the
lowlands. Even a slight change in the estimated capillary rise causes
a big change in the estimated damage. In Rijnland, for example, the
simple formula overestimated the capillary rise by about 10 mm for a
plot containing potatces in 1959. This overestimate caused a decrease
in damage from 20.1 percent to 17.6 percent.

Such an effect, however, is very local. Differences as large as these
are net seen when looking at results derived from larger areas,
containing a mix of crops, soil types, landforms, etc.

The ability to use either the simple formula or the alternate
computation scheme allows the user of DISTAG to choose the more accurate
scheme when considering local matters.

The problem asscciated with deep groundwater levels is discussed next.

7.4.3. The Groundwater Function

In comparing the simple capillary rise function with the meore compli-
cated alternative for highlands districts, we found big differences.
These differences involved groundwater levels and drainage, not cap-
illary rise itself or crop damage. In PLOTWAT calculations, the
groundwater level depends among other things on capillary rise (see
Sec. 5.3}, and for some scil types the computed groundwater level is
very sensitive to small changes in capillary rise when the ground-
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Table 7.5

DIFFERENCES BETWEEN FULL ITERATION AND LIMITED ITERATICN SCHEMES
FOR CAPILLARY RISE COMPUTATIONS FOR THE YEAR 1976,

IN RIJNLAND AND AA

Full Limited
District Variable Iteration Iteration Difference
RIJNLAND EA/EP 75.4% 75.6% --
Shortage 168.0 mm 166.9 mm --
Survival fract. 0.44 0.44 --
% damage 28.2% 28.3% -
Damage 33.75 Dflm 33.80 Dflm 0.16%
Discharge/decade -- -- <.2 md/s
AA EAXEP 64.8% 64.7% --
Shortage 114.3 mm 113.9 mm --
Survival fract. .26 0.26 --
% damage 39.3% 40.2% --
Damage 93.71 Dflm 93.79 Dflm 0.08%
Discharge/decade -- -- <.1 m*/s
NOTE: The first four variables in each district summarize what

happened to a grass plot lying in the district.

The last two variables

summarize what happened to the entire district.

Table 7.6

THE SENSITIVITY OF GROUNDWATER LEVEL TO CAPILLARY RISE
FOR LOAMY MEDIUM CCARSE SAND

Capillary R

0.06 mm/day
0.03

Difference

ise

Groundwater Level

Subsoil

Deficit 100 mm

1319 mm
1410

91 mm

Subsoil
Deficit 200 mm

1862 mm
2043

181 mm
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water level is deep. An example is given in Table 7.6 where ground-
water levels are computed for different values of capillary rise and
subsoil deficit. As it turns out, a change in capillary rise of only

0.03 mm/day results in a drop in the groundwater level of nearly 20
cm.

In the highlands, a small change in the groundwater level may lead to
a big change in drainage. TFor example, in the district Aa (see Fig.
7.4), located in drainage region 13, if the groundwater level below
the soil surface is increased by 10 cm, then the drainage from that
district will decrease by almost 2 m?/s.

A small difference in capillary rise of 0.03 mm/day as given in the
example should not have such a large effect on groundwater level.
That it does in our model is caused by our assumption that steady
state conditions hold. When the groundwater level is deep, it takes
much longer than the ten-day timestep used in our analysis for steady
state conditions to occur. Future implementations of PLOTWAT should
take this problem into consideration. A sclution might be to make
groundwater level computations in the high highlands (where deep
groundwater levels are found) independent of capillary rise.

7.4.4. Basic Drainage Functions

In our discussion of the water flow computations for the highlands (in
Sec. 7.3.1), we noted that in some places we computed more drainage
than is actually observed. We experimented with a different set of
basic drainage parameters tc learn about the extent to which drainage
is affected by changes in these parameters.

In ocur experiment, we defined a set of drainage parameters with these
properties:

When the average annual groundwater level is used, the average
annual rain surplus (average rain minus average actual
evapotranspiration) drains out.

The slope is twice as steep as the ones originally used.

Using these experimental parameters, we should observe the same annual
drainage, but the variation over the vear will be increased. We will
observe more drainage when groundwater levels are high (spring and

fall), but less in summer. Problems associated with drought will
increase.

In Table 7.7 and Fig. 7.10 we compare actual measurements, with
estimates using the original drainage parameters and the experimental
ones for the Vecht area in Overijssel, for the years 1973 through
1976. We see that the experimental parameters do a better job in

predicting low discharges, and the high discharges are more
pronounced.



-228-

Table 7.7

MEASURED AND COMPUTED VECHT DISCHARGES FOR TWO
VERSIONS OF BASIC DRAINAGE FUNCTIONS

(m*/s)
----------- Computed~=-===----=~
Year Month Measured Old Parameters New Parameters
1973 Jan 7.7 11.0Q 7.1
Feb 30.¢ 26.2 30.9
Mar 22.1 22.5 24.7
Apr 23.3 19.8 19.4
May 12.5 12.3 9.0
Jun 0.5 6.3 1.8
Jul -0.8 7.9 3.5
Aug -0.6 4.6 0.4
Sep 1.4 6.5 3.3
Oct 9.1 7.6 12.4
Nov 14.5 13.9 26.7
Dec 39.9 36.8 47.3
1974 Jan 32.5 33.3 35.6
Feb 28.2 27.7 25.8
Mar 18.1 19.0 16.5
Apr 1.0 10.7 6.3
May -1.8 9.8 4.8
Jun -2.0 6.1 2.9
Jul 0.3 5.4 3.9
Aug -1.0 1.5 0.6
Sep 0.6 4.1 3.7
Oct 7.9 13.8 18.9
Nov 74.7 31.5 38.9
Dec 58.0 56.2 66,4
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Takle 7.7 (continued)

----------- Computed-------=+==
Year Month Measured 0ld Parameters New Parameters
1975 Jan 49.8 49.9 52.3
Feb 32.1 35.7 35.8
Mar 27.2 29.1 24.3
Apr 29.1 31.2 33.5
May 12.9 18.1 12.8
Jun 0.2 12.2 5.2
Jul -0.2 11.3 5.9
Aug ~2.5 5.1 2.4
Sep =1.5 4.6 3.6
Oct -1.1 G.5 0.0
Nov -0.7 4. b4 4.4
Dec 2.4 5.4 9.8
1976 Jan 25.2 35.8 45.2
Feb 22.4 20.9 23.3
Mar 8.9 11.6 7.5
Apr 0.2 4.1 0.5
May -3.2 3.7 1.0
Jun -1.5 1.2 -1.9
Jul -0.4 1.3 -1.9
Aug -1.3 0.5 -2.3
Sep -0.7 2.3 0.7
Oct -2.4 1.2 1.1
Nov -1.3 2.4 3.0
Dec 0.4 i6.9 30.4
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The interesting question is what the effects are on computed
groundwater levels and damages. In Table 7.8 and Fig. 7.11 we

compare the cbserved and computed groundwater levels for drainage
region 4 (see Fig. 6.1). We consider both versions of the hasic
drainage functions for the years 1973 through 1976. We observe that
the performance of the new basic drainage function does not seem to be
much worse than the original one. In general, the new basic drainage
function shows a little less variation in low and high groundwater
levels.

The effect of the experimental basic drainage parameters on computed
damages is very small. The largest difference for any year in the
entire Vecht area is less than 2 percent of the computed damages.

Looking at separate districts, we find that estimated water demands
are still less than those actually observed, even in timesteps where
the basic drainage is reduced to zeroc and hence is not contributing
to supply. This means that the behavior of the basic drainage
functions can only in part account for the leocal underestimates of
demands. There must be other reasons to fully explain the observed
discrepancies.

We conclude:

* Changing the slope of the basic drainage functions could
improve estimates of generated discharges.

¢ The effect of this change on estimated groundwater levels
would not be very great.

. Damage estimates are quite insensitive to changes in the basic
drainage functions.

. The discrepancies in discharges from the highlands would only
be partially resolved by adjusting the basiec drainage
functions.

7.4.5. Damage Parameters

In Sec. 4.4 we described the theoretical background of the damage
model, and in Sec. 6.2.2 we explained how the estimates for the various
damage parameters’ were obtained. The valnes of these parameters have
a very direct influence on the computed potential agricultural
benefits and hence on the results of the entire analysis. However, as
was pointed out in Sec. 6.2.2, we are quite uncertain about the
"correct” values of these damage parameters. Existing estimates in
the form required for PAWN were hardly available. Many had to be
assumed, and & validation based on real world observations was only
possible to a limited extent. Therefore we need some insights into
the effect of different assumptions on damage estimates, especially
for the drought damage parameters. (The salt damage model is so
simple that the effects of changing the parameters are obvious.)
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Table 7.8

MEASURED AND COMPUTED GROUNDWATER LEVELS FOR DRAINAGE
REGION 4 FOR TWO VERSIONS OF BASIC DRAINAGE FUNCTTIONS

(mm)
----------- Computed-----------
Year Month Measured ©0Ol1d Parameters New Parameters
1973 Jan 2720 2499 2548
Feb 2405 2259 2322
Mar 2363 2343 2476
Apr 2370 2347 2445
May 2517 2508 2574
Jun 2660 2564 2612
Jul 2740 2570 2614
Aug 2548 2578 2615
Sep 2765 2601 2621
Oct 2485 2677 2497
Nov 2242 2412 2327
Dec 2065 20746 2215
1974 Jan 2145 2090 2310
Feb 2247 2212 2423
Mar 2320 2382 2510
Apr 2570 2479 2576
May 2632 2511 2587
Jun 2660 2557 2589
Jul 2620 2681 2607
Aug 2655 2741 2644
Sep 2630 2753 2636
Oct 2430 2550 2438
Nov 2156 2187 2246

Dec 1915 1698 1985
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Table 7.8 (continued)

----------- Computed=-==========
Year Month Measured 0ld Parameters New Parameters
1975 Jan 1772 1780 2178
Feb 1935 2052 25374
Mar 2158 2185 2389
Apr 2183 2196 2392
May 2073 2391 2530
Jun 2323 2451 2575
Jul 2392 2463 2577
Aug 2420 2514 2581
Sep 2540 2663 2584
Oct 2560 2755 2633
Nov 2588 2761 2651
Dec 2510 2745 2607
1976 Jan 2188 2159 2147
Feb 2118 2323 2465
Mar 2423 2539 2606
Apr 2453 2637 2637
May 2538 2653 2643
Jun 2560 2664 2647
Jul 2595 2669 2649
Aug 2595 2667 2647
Sep 2678 2679 2643
Oct 2833 2729 2647
Nowv 2825 2754 2582

Dec 2698 2457 2294
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To this end, we made computations for years of different dryness,
varying two essential parameters: reduction point (RP) and dying
damage (DD}. RP is the ratio of actual over potential evapotrans-
piration at which the slope of the drought damage curve is assumed to
change (see Fig. 4.10). DD is the drought damage fraction at dying
point (DP), which is the value of this ratio where the maximum drought
damage in the timestep occurs (for decades, DP was set to zero). The

eriginal values for RP and DD were 0.6 and 0.7, respectively (see Sec.
6.2.2).

We experimented with RP values of 0.5 and 0.7, and DD values of 0.5

and 1.0, for three different years: an average year (1967), a
moderately dry year (1943), and an extremely dry year (1976). Changing
the DD value affects only the steeper part of the drought damage curve
(beyond RP). Changing the value of RP (assuming the damage fraction at
the shifted RP remains the same) affects both the steeper and less
steep part of the curve {see Fig. 4.10). The results of these
experiments are summarized in Table 7.9. They apply to a district in
the province of Drenthe, containing a low highlands and a high
highlands subdistriet, which was arbitrarily selected.

Table 7.9 shows--for each of the 15 cases (3 vears and 5 variations
on RP and DD)--the total drought damage as a percentage of total
crop value and the percent change of the damage relative to the base
case (with RP = 0.6 and DD = 0.7).

For the average year 1967, changing DD makes no difference at all.
Apparently, the steeper part of the drought damage curve is never used.
Changing RP, however, has guite an effect. There is a substantial
reduction in damage if RP is set to 0.5. The increase in damage if RP
is set te 0.7 is much greater, however. This is because the steeper
part of the curve is now brought forward, so that it is actually used in
the average year, causing a more than proportional increase in damage.

The same effects can be observed in the moderately dry year (1943).
Changing DD, while RP remains 0.6, now starts to have a small effect,
indicating that the steeper part of the curve is used to some extent.
Changing RP now has a large effect, especially if RP is increased,
because of the reason given above.

In the extremely dry year, the effect of changing DD is substantial.
This is because the steeper part of the damage curve is much more
used. Relatively, the effect of changing RP is less than in the
moderately dry year. Because the absolute damage in the dry year is
much greater, the damage computed for timesteps later in the growing
season is very much influenced by damage in previous timesteps (the
survival fraction). This has g stabilizing effect on the damage
computations, because the potential contribution of subsequent
timesteps to the total damage gradually decreases. The effect of
changing the damage parameters under these extreme conditions is
therefore limited.
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Table 7.9

SENSITIVITY ANALYSIS OF DROUGHT DAMAGE PARAMETERS

----- 1967 -=---~ -====1943--m-- -----1976-=~=~-
(D50) (D10) (DEX)
Damage Change Change Change
Parameters Pct from Pct from Pct from
RP DD Damage Base Damage Base Damage Base
0.6 0.7 (base) 6.1 17.0 45.2
0.5 0.7 4.9 -19 12.7 -25 36.9 -18
0.7 0.7 §.0 +31 25.1 +47 52.5 +16
0.6 0.5 6.1 ¢ 16.2 -4 39.8 -12
0.6 1.0 6.1 ¢ 18.1 +6 52.0 +15
Table 7.10

SENSITIVITY OF DISTRICT WATER SALT CONCENTRATION AND SALT DAMAGE
TO SUBSOIL DEPTH

Salt

1973

1974

1975

1976

Salt

1973
1974
1975
1976

Concentration

Minimum
Average
Maximuam

Minimum
Average
Maximum

Minimum
Average
Maximum

Minimum
Average
Maximuam

Damage

1000

163
217
277

194
257
288

185
221
245

208
266
310

48030
88033
79483
95745

Subscil Depth

mm 3000 mm 10000 mm

mg/1 162 mg/l 162 mg/1l

- 212 209
258 209
186 181
250 245
286 282
179 175
236 240
272 280
190 179
253 246
298 292

Dflm 47258 Dflm 46983 Dflm
84200 82256
86078 §7398
93727 92306
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We conclude:

. Changing DD causes very little change in damage estimates
except in extreme droughts, when the effect is only moderate.

. Changing RP causes fairly large changes in damage estimates,
especially in moderately dry years.

There is some uncertainty about DD, as it reflects the behavior of crops
under serious drought conditions over relatively small timesteps, while
DISTAG is probably too aggregated for this purpose. We see, however,
that this parameter does not seem to be the most critical element.

The values for RP and the associated reduction damage fraction (RD)
are not so uncertain. Changing RP to 0.5 means that drought damage
would be 40 percent if EA/EP were 0.5 for the entire growing

season. Similarly, changing RP to 0.7 means that drought damage would
be 40 percent if EA/EP were Q.7 for the entire growing season.

We believe that the actual drought damage is clearly within those
bounds. The largest error would be made if RP is indeed greater than
0.6, which would increase damage substantially. However, the results
of the damage model indicate that computed damages are high rather
than low. Hence the error is more likely to be in the other, less
sensitive, direction.

7.4.6. Active Volume of Subscil

The active volume of the subscil that is used in the salinity
computations is expressed by a subsoil depth that indicates the layer
of seil holding the active volume. Tor lowland areas this subscoil
depth is more or less arbitrarily set equal to 1000 mm. Such a
relatively shallow mixing zone causes the subsoil salt concentration
te respond fairly guickly to changes in salt inflows and outflows.
The sensitivity of computed salt concentrations and damages to this
assumption was tested by comparing DISTAG calculations for Rijnland
with subsoil depths of 1000, 3000, and 10,000 mm for the years 1973
through 1976. As Table 7.10 shows, the differences in average salt
concentrations and salt damages are moderate. The differences are
always below 10 percent and usually considerably below. We should
remark that the absolute numbers in this example are not realistic.
The computations were based on a constant salt concentration of the
inlet water equal to 200 mg/l and not on the actual salt concentrations
of these waters for these particular vears.
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Appendix A
DETERMINATION OF CROP PRICES

by N. A. Katz

In Sec. 6.2.2 we briefly mentioned that crop values for an average
year, and for an extremely dry vear were obtained from actual data,
and that values for years of other dryness were obtained by
interpolation. This appendix describes our data and explains the
interpelation technique.

A.1. INTRODUCTION

In DISTAG, agricultural damages are determined in a relative way, i.e.,
they are expressed as a fraction that indicates the reduction of
potential yield on a per hectare basis. In order to convert these
fractions into financial terms, we need to establish a money value per
hectare of crop. (We call this value a price in most of this volume.)
The values of most crops vary from one year to the next due to changes
in production levels in countries participating in the same market and
related market responses. The relations involved here are complex, and
there are so many dimensions to this problem that results are in fact
unpredictable. Yet there seems to be a significant relation between the
value of certain crops and the dryness of the year, where the value
tends to increase as the year gets drier. We attempted to take this
phenomenon into account by associating different crop values with years
of different dryness, i.e., years with a different external supply
scenario. The method that was used will be described in this appendix.
It is based on the following principle. We estimated crop values for an
average and an extremely dry year, based on market observatiocns of
recent years (1975 and 1976). Crop values for years of different
dryness were then obtained by interpolation, using a weighted average
drought damage fraction as an index to characterize the dryness of the
year. In Sec. A.2 we will explain how the values for the average and
extremely dry year were obtained. Section A.3 describes how the
interpolation was done. Section A.4 summarizes the final results for
the years that were actually used in the analysis.

Two remarks should be made at the outset. First it must be made clear
that this procedure is only a very crude approximation of what might
happen in reality. Its main merit is that a number of crop value
scenarios are obtained that are somehow consistent and that are
probably more realistic than a single set of average values.

Second, there may be a difficulty in interpreting these results. Because
of the way they are used, the numbers that are determined should be
regarded as potential crop values per hectare. There are in fact

two reasons why these potential values may vary for different years:
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Changes in crop prices.
* Changes in potential physical yield.

These two effects are closely connected. To the extent that high
potential yields result in actually higher yields, they may adversely
affect prices because of an increase in supply. On the other hand, in
years where severe drought damage occurs, prices may rise, while in the
same time potential yields are high. Potential crop values in that
case are favorably affected by both phenomena. The values for the
average and extremely dry yvear were based mainly on market observations
of prices. Given the uncertainties about potential yvield changes and
the way they interact with prices, we made no explicit assumptions about
these matters. As a result, there may be some inconsistencies in ocur
estimates. We recommend that these topics be subject to further study.

A.2. CROP VALUES FOR AN AVERAGE AND AN EXTREMELY DRY YEAR

Crop values for an average year were based on the year 1975, as it was
the most recent and a more or less normal {(although a little dry) year.
We chose a fairly recent, rather than an earlier year, so that there
would be less change in the structure of prices over the different crops
between then and now. To determine the measure per hectare, we divided
the total production values for each of the 13 crop types considered by
the total area occupied by each crop type. Total values were meant to
reflect production values to the farmers and were based on various
statisties [A.1, A.2, A.3, A.4]. Unfortunately, the information was

not always readily available or it was ambiguous. The main difficulties
were:

Production values are sometimes given by calendar year,
sometimes by bock year (e.g., May to May).

Sometimes they represented producer's prices (e.g.,

bulbs, trees, arable crops) and sometimes market prices.

. Production values are mostly based on auction supplies
only (e.g., vegetahles, flowers, fruits), ignoring those
sold elsewhere and, thus underestimating total production.
Little information was available for crop types that are
not normally sold in markets (e.g., grass).

To supplement published information, we consulted several crop-raising
and pricing handbooks [A.5, A.6], and we met with a number of farm
experts from the Ministry of Agriculture and the Agricultural
Economics Institute (LEI).

Finally, to reflect the fact that actual yields were necessarily less
than potential yields, we increased our price (value) estimates by
10 percent. This increase of 10 percent is not completely arbitrary,
since the yield from horticulture under glass in the midwest of the
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Netherlands is about 10 percent less than potential yield due to
salt damage. The values obtained in this way represent our best
guess concerning the potential crop values for an average year. An
overview of these values is given in Table 6.9.

For the extremely dry year, we based our estimates on observations of
market conditions in 1976, which is the driest year in our 50-year data
base. The main sources were Refs. A.3 and A.4 and personal
correspondence with LEI. We based our estimates on 1976 data, but did
not attempt to replicate 1976 prices. We tried to comstruct a set of
realistic scenario assumptions about market conditions in an extremely
dry year. We considered each crop type separately, but in several
instances common assumptions were adopted.

Grass and Cut Corn. We based the value of these crops on the cost

of substitute fodder, a cost that increases substantially in dry years.

We obtained estimates of 0.60 Dfl per starch unit in the average year

and 1.00 Dfl in the extremely dry year. So we multiplied our average-year
value estimate by a factor of 1.67 to represent the dry year.

Consumption Potatoes and Seed Potatoes. These are major export crops
for the Netherlands. Historically, prices have been cyclic. Analysis
of data for the last 20 to 25 years indicates a three-year cycle, with
two years of low prices followed by one year of high prices. But that
pattern has been occasionally interrupted by the intervention of a very
dry year. In 1976, which historically should have been a low-priced
year, prices were higher than ever before, substantially higher than in
1675, the most recent high-priced year. If the 1976 dryness had
occurred during a year when the price of potatcoes was expected to be
high, there is no estimate of how high the price would have risen.

Our average-year prices for potatoes reflected the three-year cycle.
We set that price one-third of the way between the historical trend
for low-priced and high-priced years, as they would be expressed in
1975 Dfl. Then we desired to use the same procedure for the dry-year
price, so we computed the relation between the actual 1976 (marketwide
average) price and the trend of the low-priced-year prices expressed
in 1976 Dfl. This yielded a factor of 1.63 for consumption potatoes
and 1.5 for seed potatces. We then applied those factors to our
average-year prices to synthesize what we believe to be reasonable
dry-year prices.

Milling Potatgoes. The EEC supports the price of these potatoes by
supporting the price of starch, the most important product. Historically,
the Dutch price has nearly always remained at the support level. During
the Europe-wide drought of 1976, however, the market price was well

above the support level because the supply of consumption and seed
potatoes was not large enough to meet the demand for current consumpticn.
The normally undesirable milling potatoes were being used as food. As
those circumstances may occur again in the next extremely dry year,

we decided to set the dry-year price about 50 percent above the
average-year price, approximating the relationship that held in 1976,
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Sugar Beets and Cereal Grains. 8Since the EEC supports the prices of
these crops at levels above those reached in 1976, we assume their
value will be the same in the extremely dry year as in the average year.

Bulbs. This is another major export crop for the Netherlands. Most
bulbs (e.g., tulips, hyacinths, narcissuses, and crocuses) are early
season crops, but about 30 percent of the Netherland's bulb crop area
is devoted to summer varieties {primarily lilies and gladioluses).
1976 was the driest year on record, but the drought was concentrated
in the summer months. The near-normal winter precipitation yielded
about average crops and prices. That may simply have been a fortuitous
accident, but it represents the most reliable drought experience we
have to examine. We incorporated it into our pricing scenarios, but
with a slight hedge against the drought occurring earlier in the vyear,
by assuming that bulb prices in the extremely dry vear would be about
10 percent higher than in the year of average dryness.

Vegetables in the Open Air. Vegetable prices increased in 1976. The
average effect was on the order of 30 percent. Therefore, we assumed
the dry-year values would be about 1.3 times the average-year values.

Pit and Stone Fruits. In 1976 the pear crop was larger than usual,
perhaps from the extra sunshine. This large crop depressed the prices
of both apples and pears, although the combined yield was apparently
near normal. Not knowing how to deal with that phenomenon, or how

to forecast sunlight in future years, we retained the average-year value
estimate for use in dry years.

Ornamental Trees. There was no apparent drought effect on this crop
in 1976, so we again assume a single estimate will suffice for both
types of year.

Vegetables under Glass. The price of most of the crops grouped
under this heading increased 1976, but by widely varying amounts.
We estimate the average changes can be captured by using a 1.2 factor.

Flowers under Glass. The price of flowers dropped in 1976. We are not
sure why, but the decline probably represented a slackness in demand
that more than balanced any decrease in supply. We estimate a value for
this crop in the extremely dry year that is only 85 percent of the
average-year value.

A.3. CROP VALUES FOR OTHER YEARS

In the previous sections we described how crop values were determined
for an "average" year and an "extremely dry" year. Ideally, similar
methods could be used in assigning values to crops in other years. In
reality, however, this is not possible. It is more than likely that
for a given year we are interested in, historical data is unavailable
or, if it does exist, is impossible to adjust into monetary units
cemparable to the crop values one already has. BSuch was the case in
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PAWN, and so it was necessary to devise an analytical procedure that
could be used in determining crop values for any external supply
scenario. A description of the methodology of such a procedure
follows, after which, the results of an application of the procedure
are presented.

A.3.1. Methodology

Any procedure te calculate crop values for a year with a given external
supply scenario must make use of information which can be computed by
the PAWN agricultural models, as well as known crop value data. Up to
this peint we know the wvalues of crops in twe years, an average one and
an extremely dry one. What we need to do then is find a variable (or
variables) which will allow us to make a linkage between an external
supply scenaric and these known crop value scenarios. Such a variable
would need to give an indication of the severity of the external supply
scenario based on its effect on agriculture. We would then be able to
associate the average-year crop values with years in which this variable
takes on a particular value, e.g., its average over many external supply
scenarios. Similarly, the crop values for the extremely dry year would
be associated with external supply scenarios where the variable took on
an extreme value. For external supply scenarios where our variable fell
somewhere in the middle, we might estimate crop values by performing
some sort of interpclation on the known crop values. We would then be
left only with the problem of what to do about external supply scenarios
where the value of the chosen variable was in the direction of the other
extreme (i.e., a wetter than average year).

The above is a rough outline of the procedure used in this analysis.
The variable selected as the indicator of the severity of an external
supply scenario was "physical crop damage" in the Netherlands, i.e.,
the percentage that physical crop yield was below its "optimum’ level.

To perform the analysis in the most straightforward manner, we would
have liked to compute this physical crop damage for many years using
the plot file containing all plots in the Netherlands in 1976.
However, such a procedure was deemed to be prohibitively expensive.
Instead, a sample of plots from the 1976 plot file was selected and
was used to represent agriculture in the Netherlands. (The sample was
originally drawn for use in the calculation of sprinkler scenarios. A
detailed discussion of the selection of the sample is in Vol. XIV.)

The sample was selected by first creating four categories of crops:
grass, potatoes, arable crops other than potatoes, and horticultural
crops. Glasshouse crops were not included in the sample because they
are always sprinkled and suffer no shortage damage. The country was
then broken up into areas representing the cross product of drainage
regions and weather stations. Within each of these areas, the largest
plot in each of the four crop groups was selected for inclusion in the
sample (subject te certain minimum size requirements). A total of 77
plots were thus selected. They encompass 30 percent of the cultivated
area of the Netherlands (not counting nature plots). Table A.1 gives
an overview of the sample by crop group.
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Table A.1

OVERVIEW OF SAMPLE OF PLOTS

Crop Area in the Area in the Area in Sample of
Group Netherlands Sample of Plots Plots as a Percent
(thousand ha) (thousand ha) of Netherlands' Area
Grass 1252 416 33
Potatoes 158 41 26
Other arable 487 108 22
Horticultural 104 40 38
All groups(a) 2002 605 30

(a) Columns may not sum due to rounding.

In selecting the 77 plots, no attention was paid to whether or not they
were sprinkled. A separate procedure was used to create an unsprinkled
portion and a surface water sprinkled portion. This was done based on
the split in the 1976 plot file within the drainage region/weather
station area from which the sample plot came. Groundwater sprinkling
was combined with surface water sprinkling. This procedure yielded a

total of 136 plots.

Table A.2 gives a compariscon between the proportion

of sprinkled and unsprinkled areas in the 1976 plot file and the sample

plot file by crop group.

As can be seen, there is very close agreement.

This sample plot file was used in the remainder of the analysis.

Table A.2

COMPARISON OF SPRINKLING IN THE NETHERLANDS
WITH SPRINKLING IN THE SAMPLE OF PLOTS

Fercent of Area Percent of Area

Crop Sprinkled in Sprinkled in
Group Netherlands Sample of Plots
Grass 15 14
Potatoes 23 22
Other arable 1 1
Horticultural 29 24
All groups 12.9 12.6

To determine an "average physical crop damage” and a "maximum physical
crop damage," we ran the DEMGEN model for 19 years, 1960-1978, on the

sample plet file.

These were the values we would asscciate with crop
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prices for an average year and those for an extremely dry year. The
period 1960-1978 was chosen because these were the only vears for which
complete weather data for 21 weather stations were available.

Once DEMGEN was run, its output was processed to determine the yearly
total physical crop damage in the Netherlands. This was done by first
determining in each year the physical crop damage to each sample

plot. Then, again for each year, we calculated the physical crop
damage to sach crop group. The damage associated with a sample plot
in a group was weighted based on the area the plot represented in the
1976 plot file. Finally, for each year, the total physical crop
damage in the Netherlands was computed. Here, each crop group was
weighted according to its area in the 1976 plot file. We thus were
left with 19 numbers, each representing the total physical crop damage
in the Netherlands in a year. The average of these values became the
average physical crop damage; the maximum value became the maximum
physical crop damage.

At this point, by making two further assumptions, we will be in a
position to compute crop values for any external supply scenario. The
first assumption has to do with years in which physical crop damage is
less than average. When this occurs, we will assign the average-year
crop values to the external supply scenario. In fact this is not a very
important assumption. As we are interested only in problems related to
water shortage, external supply scenarios that are wetter than average
were never actually used. The second assumption relates to how to
interpolate between crop values for the average year and theose for the
extremely dry year. Because we have no information to suggest one
method over another, we used linear interpolation.

We now have all the elements necessary to compute crop values for any
external supply scenario. The formula we use is:

VALUE = AVG_VAL + maximum of 0 or

(DRY VAL - AVG VAL) * (DMG PCT - AVG_DMG_PCT)
(MAX DMG PCT - AVG_DMG_PCT)

where:

VALUE is the crop's value in years with the given
external supply scenario.

AVG VAL is the crop's value in an average year.

DRY_ VAL is the crop's value in an extremely dry year.

DMG_PCT is the total physical crop damage in the

Netherlands irn years with the given external
supply scenario. This is computed by running
DEMGEN on the sample plot file for the desired
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year and then using the procedure outlined above
to calculate damage in the country as a whole.

AVG_DMG_PCT is the total physical crop damage in the
Netherlands in an average year.

MAX DMG PCT is the total physical crop damage in the
Netherlands in an extremely dry vear.

A.3.2. Results

The results of the estimation of physical crop damage in the Netherlands
for several vears are displayed in Table A.3. The estimates were made
by DEMGEN, described in Sec. 5.6.3. It is clear from looking at the
table that omnly rarely is physical crop damage for an individual year
significantly higher than the average yearly physical crop damage. The
average damage for the periocd 1960-1978, 6.1 percent, was assigned to
variable AVG_DMG_PCT in the formula described above. The physical crop
damage in 1976, 36.1 percent, was assigned to variable MAX DMG PCT.

Table A.3

PHYSICAL CROP DAMAGE IN THE NETHERLANDS BY YEAR

Percent Percent

Physical Physical
Year Crop Damage Year Crop Damage
1943 11.0 1969 3.3
1559 26.7 1970 10.7
1960 4.4 1971 6.7
1961 1.0 1972 0.0
1962 3.5 1973 11.4
1963 0.9 1974 7.2
1964 4.4 1975 10.4
1965 0.1 1976 36.1
1966 0.7 1977 5.0
1967 4.6 1978 4.6
1968 0.7 19-year

[

average 6.

The actual PAWN analysis was based on only four years of the external
supply scenario's ranking in dryness from average to extremely dry.
Table A.4 summarizes the crop values for the years that were actually
used, which are 1967 (DB50), 1943 (D10), 1959 (D05), and the extremely
dry year 1976 {(DEX). As it turos out, crop values in the 10-percent dry
year {D10) are not very much higher than average. Locking at the
5-percent dry year (1959), there is a considerable difference.
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Table A.4
CROP VALUES FOR DIFFERENT YEARS
(In Dfl)
D50, DEX Dio Do5
Crop (1967) (1976) (1943) (1959)
Grass 3000 5000 3330 4380
Consumption Pot. 10000 16250 11030 14300
Milling Potatoes 3830 5830 4160 5210
Seed Potatoes 13500 203300 14620 18180
Sugar Beets 5200 5200 5200 5200
Cereals 3150 3150 3150 3150
Cut Corn 3600 6000 3990 5250
Bulbs 27400 30140 27850 29290
Vegetables (0DA) 15600 20280 16370 18820
Fruits 10400 10400 10400 10400
Trees 42800 42800 42800 42800
Vegetables (UG) 232000 278000 239590 263650
Flowers (UG) 485000 412250 472990 434950
REFERENCES

Produktschap voor greenten en fruit, Jaarverslag 1976
(Producers' Association for Vegetables and Fruits, Annual
Report 1976), The Hague, 1976.

Produktschap voor siergewassen, Jaarverslag 1976
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Statistics 1978), The Hague, 1978.

Landbouw Ekonomisch Instituut/Centraal Bureau voor de
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Appendix B

SUPPLEMENTARY DATA TABLES



~-250-

jnfalalel g=lalili folalatol gololele

165K

061
oogl

964
sLoL
¢

Zh9l
Gl

0
9862l
0

0
fial

[Iafe]
I~
L~

oy [=
= L

o
Y]
L

LE2e

86928¢

37

S00¢1L
168
9haal
LLs6L
GENG
GOl

FA YA
oLyl
09¢e
682

£20l

LELOL
ol

gLb

gLet

2Ll
16814
ohts
L6569
ahto
HEGE

gleh
4BEOL
6816
016

ha96
2919
gE2L1
HE68
9Lt

08z
LBEY
hOhL

A%
h906
2e9

GEEg
<l

gefpl
£ees
G269
8642
4668

€9ii0e
geid
1Ino

o2
iE9
861
£4
4102
99he
LZ
ot

5L
8t

62
L2i
681

6EL
atl

ifee
£
SAQ00M

ecl
G5691
ah
H3LVM

LEBEL

8t
h3d
Lg
g4
oLg
et
04
L4t
teg
g02
0e
LGh
heg
fil
0L
99
268
hl9
i8]
882
geg
ghl
€91
g0¢€
9oL
Al
tLL
L91
Lh6
98¢t
Lie
0%e
56
clLa
Gil
861
642
g
241
6he
ghl
ant
191
£l

clatrl
et
Nvduft

120488

199
Q2091
LEEE
19681
6£82C
oxnLLL
£0L4
2149
eLELL
08101
S6Hh
6191
helal
Gqée
28891
9ing
LGOE2
gL9de
38601
8GL1
8148
g6ch
3169
L6SLL
2689
0L
hEbG
9h9g
GG6EL
e8ltl
ELLL
0h68
9295
0EL1L
of9el
SOS21
£86
99n6
8eh
onLit
2699
£EES
L11E9
6heECL

ostiehe
£ite
IviotL

pue|salJad |e304
1sEry
{9apEJ ST iJQUAM
WY OM

| 9apPBRLISSUCM
Jaambu) § |818158M
jaapeJlafuoplsap
pue(allA
isapesabulin
|aapedalsyJdaliar]
bui ) |8yosds)
uaJdanels

Waaug
pueiJabuly | euwg
usloig

BOGY LUUDWJ B 1 YIS
WayJ apJs amney
pue|Jalsdo
sdambul | 19183500
|aapedtabuopasop
{sapewnp| eusy
pue)J4ai1swen

| 99pEJI DD RANEDT
uBpJ EMNEOT

TETD PUE|JBWN] | OY
|{papeJapJeERpY
uadoo|apuly
|aBpeJapJ €RUUIH
pJagaplQ Jauwn|awsH
uasAuaJdasH
puE | Ja%SEH

uabu) |JeH
puef.Ja3iseen

| 98pEFAYBUE 3
Javaued 4
|@apeJdaplamriad

$ B1SJ amne luo(
wnyyoqg
|2apeunNiLeq]

pJd eMs [ 0Q

sy “apild

| 9apedJeg
|@apeiapaeeq

pue auy
uaadsdeyayoy

uabuiuodn §e10]
wioyping

ALV 1D I NNK

(ey)

CoOWwoouw
N
o

[=jaj=lalalalofelalel=dwiolalalaYal EnleelelsRelalabisEel dr g
e =G
SuuhyeD ol
-

[l =R n
-
[T+

o%G
£02
LBLE
0Ll

QN

IR9¢
LaGe2
40561

<081

Q28hlL
60€9
206e
L6293
£961
£98e
6ELE
ahte
LEQL
LGt
£0enh
L1841

ShOk
LLOE
£L16¢E
9lit
heg

8612
£8¢L
208t
66Le
QgL
£2lG
ihgd
hent
LL&G
642
G11E
PR 1
159¢
£E0¢
GGLY
w9k
9g2t
12éé
2862
86¢t
GLEn
Goth
£hooL
Ghrirh
EQH
640¢
60L2
8062
g8l

£IND

V1VO ALITVEIDINNW AHVHIYd

L9 219e)

=
—

—

QMM NN E D S D SO
M~ —

L9
get
LOZ
91
Zhe
65
th

Nvadn

g68¢

Léie
522e
426¢
LOS9{
L88.
2£9¢

£988
L1149
Bh9%

£044
hahe
9i6L1
£i84l
L99h
LIl

gLny
éhle
eslh
£06E
661

L T8
oLLZ
Lelh
ihae
FA N
R129
L&ae
92Le
6899
hhe
HlEE
90gL
0LOS
2hat
2999
6heg
9654
b6hte
LilE
ha2s
1994
9964
eLoLL
ghee
“06h
804¢
L1462
910%
4algL

avioL

3, ‘apuez
wnsU M
uajoyasuim
wnJ4.d BM
appamibe) A
wepuaap
jJanbspn

whd |
uapaauIaz 1Ny
uazinylin
uaunuJday
wnps1s
1BBUEYSPRIS
uaJa3ydo|s
epuaayos
giayad 9pno
HaoJdgsalsae)
y4aqaplQ
8ADYSPIO

Ep| OMNAIN
SUBYDSaMNal N
E| 94394 SMNaIN
WEPUSI U

B OADIW
unis i appin
uapaay

W ep
unsJaddon
suaa

HoeT

H3JNgJ 815001y
suaquey
Joauwaddeg-puezalnol
uaJeq
sJdaxsdliig
1sebajoods
uabu)uoJn
ap|omdalsul 4
abul1z3
wnJual
1f1z4190

ua] *Jdsog
unJaaig
oappembur | | &g
elJ4994g

wnpag

0)4eq
wepabu)ddy
pd ENPY

daopy

ALITV¥d IOINNKW



-251-

08

a4
52

091
Gel

0g
0g
L2gh
GEL
0

oQo
«wr o™
-

[4Y]

—
-

CoOoooooOoOICooOLOOoLoOooOoONCOO0O
- o
[y =
- o

]
=

ag6l
gsll
9924
qont
8862
£99
8LEO0L
LE6E
200¢
ZLenlL
gn9cd
598
shel

H99%68

WBEL
208

£844
W9
6684
clll
cL69
h61LG
102

£L1el
5659
99911
SEg

2491
GlILL
£2e

2E6tlL
L9ity
aZL

0ceLh
Qt9g
h683
8L6G
9.85%
EGLR
LO8E

ghh 8
Qoge
£28¢

LL6TL
94alE

G619
t62%

Zi€

11n2

0gLLE
HE2
1

6l
FA
ége
009
8E9L
L4
hht
aLtrt
168
266
£q
Lify
0EoL
2
98¢
829
teL
ogoe
0

oLel
£961
L
6941
el
9262
SheE
0
eintL
161
cesl
£GL
&

SQ00M

08l
6el
9%
hhe
6L
GL
L69
2Lgl
LE1
602¢
a0l
201l
a52

hohelL

L T4°] !

611
el
tel
LEthy
€02
9if
521
ohe
£6h
282
901
0%
cah
18
0ge
hih
Zhs
il
gee
6al
qQlt
8L2
o4l
{801
9¢9
261

208
L0g
oih
éel
<0f

N¥BYN

£L02
g8tle
9591
Lich
66ht
861
orgll
6656
Lot
eLEfhe
eyotE
940L
LheR

£9.1¢6¢E

6010L
Glet
c8e8
ECEO0L
29464
8696
CEED
hoEL
ZL9
EELTL
cleg
0G9¢1
cbh%
6092
658EL
GhE
chagl
t829
oL4lL
02104
966¢
6226
Gii0lL
BELE
1869
9ER9
048¢1L
£ent
theh
TLhgtL
604t
0h&0L
6184
608

IvioL

uabu | unag
uad eybuasg
ybuaag

t Bwwag
psasg
Banquaieg
plaAasudeg
wayiiy
uJaj|addy
uJoop|ady
o{+abuy
UBPOZJauwy
ual| ey

tassCIJ8AD j€10L

ai | oMz
SIN|STIEMZ
Uap I BSS
wey|assry
aulim
uspJa I M
0]85J893M
UATAUIZAIJA
4N
uabJagqn)
%P Muaailg
1saoydels
uap|a(-peis
uasssy

2] eey

wnsJd ewiog
LauwuQ

3510

| ERZUBP |0
Jap|odlsoopsooN
uasna|MnaiN
c|axJ ey
188507

uaduw ey
uel | oH
o}abuaH
uJoopua|jaH
cutay
1|885€H
BJaagquapJ ey
uap ‘wepy
uabiaqsyeey
uabJdagswedn
Joon

ALITVd 1D 1NN

Sooocoooococod O DOGOOOOOEO&\O?

O oOCooCoCoOoQLOoOoOoooOoocoooC

=

he9e
6948
£516
hhoe
£681
2La9
LLICL
gelé
Qgee
Shed
69¢£9
cLE9
6622

LEEE0L

LG9t
6ie8
gtle
90.L¢
95901
C2Eh
Lhée
LEES
6909
Li9t
LELE
6808
0489
£905
£662
1996
LEBLL
0lEg
LUATA
166
Hogh
Lhes
gLhe
h90E
1290
£06L
éaut
60LY
1865
shet
86501
56921
96L¢E
1694

1no

{panuiiuoo) L'g 8|gel

gt
6hEe
wo6tLlL
0%h
hal
SLEL
cinl
88
SiLh
20&
142
L6hL
a62

elLéle

686
LLY
htd
09e
OL9lL
tLs
ihel
Qi
2ig
FAY
56
£hslL
02t
28h
e
085
616Gt

g
heo2
G
EhG
60l
2LE
wao
2001
6L
Getl
cl92
6%

0
242l
0661
£he
£L8

SQGOM

ih

Qg9le

612
Ohl
8L

HILVYM

ehit
161
192
511
682
ihe
il
9Le
£La
9he
h6

Leg
891
£8¢
hat
Eli
6504
06

Lid
L2
g6l
£4e
10e
£9L

hgd

ihe
onl
2Ll
61
Len
96¢
0e9
g1e
182

Nvadn

hi62
BGifL
8489
LG9e
619¢E
chge
geesl
LhOfL
g0ch
28.L2
Lid
9048
288¢

2she9e

L1009
8hl6
LEGE
LGgh
L19¢%1
eh601
008k
Lih9
EnGL
L809
920%
€Ll
68h01L
69419
4982
6189
nalfl
94042
L0t1L
£9nl
56h9
wLoL
chlh
650%
ah48e
gaGe
2889
FARYA
0189
1404
Eh0EL
52L91
0£4S
theé

IVLOL

uapnwauag
apsyosul
uaasuadalqQ
wiayuadalqg
Jajuaaag
duesauaq
uas | eq
apalMAdapaig
auJdog
uswyieq
150249AY
usplag Iguy
o|auy

ayiuadg 18301

cofaamng
aplompInZ
uaJdeipinz
ap “YriM
HJOQI IS IM
SSIJA
A3ppaA
apiug
uaa|sg
¥aaqauooyas
pjoMdauIny
uauiny
aploy
vapoy
azlay
ua|assayJalsop
uloopn
ugasaliN
BaoN

| 2ddaj
uaasabooy
al|aaeH
ualalg
aljasse9
[FETHT |
apiai
o!abuiag
Jdanalg
uaj|eg

USpJ OAS0D
JabJuog
uatiag
uassy

00| 1y

ALITV4dIDIRAN



-252-

ocooCOoOC

658
teLe
g6
L42¢
L1Ly
ha2e

51962¢

£8L
£0EL
6961
aoel
sl
g8te
8229
taLol
&hg
6002
ai192
Qine
Ligl
£09L
cgte
LigE
<9h0lL
£06
LEGhH
£492
6411
ogah
0oL
Sihe
g£al
65l
Ltge
9811
high
£9¢
boLe
L5411
Lths
QahL
hirls
260¢
ah9¢
g4l
oL9t
L9t
L1001

11n2

9101
2e
0£91L
LL9
L16
gt

60168

0

LE
8E
€25
a1
6L
6tih
Lige
0
el
ox9
oet
Let
oh
Ll
5921
oLg
Ll
LS
162
9

8i
2il
089
Q091
4
£ZLE
£841L
9E92
0¢
Zle
ql
0641
£8F
2t
0£99
664
L

£E
0l
lene

SA00M

00g

6ee
cel
g€l
aLi

ch

0s1L
261l
ccl
e

801
LEL
18

89

£81
Ghl
001

hel
ElLe
Gez
56

HILVM

60L
Lel
hOS
gafl
LEL
eEl

00LSE

0L
hel
het
ced
9t1
8es
2en
w04
lel
oLt
Shl
£9e

13
6hb6l
£LG
£1g
e
aLt
hé|
541
LLE

NVEHN

6692
c0te
LEEE
2995
/L0¢
6182

62LELS

0691

2E9E
£9L¢2
£118
Ot

fih4e
6lel
088¢!L
281

ghee
179¢
890¢
LECE
£qel

1068
92la
099¢1
FA N
9424
268¢
g6ll
9204
13

eSS
LO8Z
96hL

EENE
02it
6168
wltl

LZge
ofrllL

9886
6enh
£059
£962t
109%
LEOL

60et
c96e
a0621

av10L

ap ‘allg
doyasuag
uJdeeg

1J 004 SJ Wy
uabugJ aury
apnoaqy
pue|Jdap|ag | BI10]
uaydainz
ue|anz
JBEUIASY
uay)az
|awwcgal | eZ
uayalim

YIS 1M

Y IMsIoIUIM
1J00AJBTSOM
1yaM
pPlaAsuseMm

| BILEM
usfiuiuabem
fanquapd eepM
FENN T

uapJd oA
1SJ00A
HideA
Bang| _A
uabBaaqan
(811

uaJ spusals
| aazuadd ayonsg
apJdnny

| EEPUBZOY
wnssoy
uapaiy
wnyuay
ual1ind
uapJauued
Jlasselan
1 owaydo
#a04qgaplo
uabaul |y
ERERINE
Jaadsuny
apaay

ufiy p/e uabui| Il
Hi4NeW
|81JPSEEY
walyoo

ALITIYA 1D NN

{panuiiuoa)

0L 2L6¢E
0 40£9
04 g0t
0gL ghhe
0 OLhe
09 ®LOL
G 6901
0 629
e G666
ohL 1£68
a8 L0
0 LEhe
0 0L0Y
a6 L 8%
09 280k
4E Q6oL
59 LBEL
cte EhelL
0glL 2891
0 ogte
0 08%
0g 06HG
00l ql0L
0 9eLs
0 Lost
o8 gile
o 284
St iz
0 Llel
0g £64E
881 celE
0 98L6
a LaslLL
Gil B6GE
4af 088e
0Ll ogae
a8 9eG1L
0 h6s¢
05 heb6
001 884Gl
0 HelLl
0 6182
0 Le9e
0g 9622
0 £E8L
0 oh8lL
04 8019
002 gLOE
0 28ih
(034 LLEL
anN 1mnd
L°d 21qel

a0z
0ol
gl
el

L2¢

SA00M

oih

HALVM

£61
26¢E
L6l
L9l
qall
181
68

1Ll
Ll
Gie

fwle
6elL

aLs
Li

682
90L
hg

1eg
hat
h6E
ele
06h
OLe
€Ll

£ER
0cg

ehil

Nvadn

£86E
£8EL
oanil

D90Hh
rAS]
Liwl

w12l

6l6

GELe
0GhE
b6Ee
6EEE
9¢6h
80.L

OhoB
g8<l
20%e
EELh
anLe
PR
Lh6

6h68
péhl
ces9
Ligl
149
02l

0298
LE181
60¢h
2849
FA AN
L86LE
06¢E
8LGE
o062
6061
0LtS
gl
htal
RaElL

L1GE
S00¢€
gLDg
B0l
2661

6068
208¢E
8865
6EHL

Ivl0L

uapuai
apJooAUa3IyaL]
uaJalsay
A 1M 8y
‘o | awny
uass I N
UassJOH
uay e| aAa0H
uaunatg|

uaJd 919y
uaul 1 Arap
Ipday ‘uarday
o|abuan

uapJ BBMIJ33H
apJaaH

lapaH

wal3leH

A 1Ad8pd el
uaijeeH
Wasqsa04a
ojus0dn

| 985409

Ipuad
uabu | Jpusn
Uas | BUI AP | 3D
CINEE
vasufsdo “31s3
LER=TTRE |

ad3

1513

bang|3
uabaagly

apj

praiyosl
uaaing
uaInJg
jawnaJg
wayou ] 1804
bangssoq

pJ BEMAPOQ
ojdadxulq
weptiqg

11ed
bJoqua|ng
uas | ewanng
uaJdng
uauitnsg
faxesd
a{noJog
wayoisnag

| adday

ALVTIVATDINNK



-253-
CoOVCN— oMo NONOer" oS00 0ooROLOhQoOoOo~R OISO OO

L eltel
—0
—

o [l 3 &
oy

-

— W
.2

- oL o~

o o P
oY -

0591
an

969
woe
£80L
el
2902
L6
afrg
LiL
fEde
f11e
il
heid
G9LL
<10t
hhé
LZhe
€84t
hhge
2le
thil
9tLe
00911
6281
A
446
L9t
Z6l1L
106
VAN
0

£0BL
£09

gLl
G691

LLLL
L99
anLL
L29
oht
189
99t
Q461
2L
1699
L19¢
2EL
Ghoh
ghel
Ledh

11n2

———
8]

Lol e Rt= B = Y an e T B e R a4 1
o
e

oy —
o
=r
-

oD —
0
-

il
g6h

601
101
ng
6494
!

961
21

ihi
oL
L9

0
LhOl

SA00H

961
0tH

gei
ie
Sll
£6¢
oLe
hhl
oL
<c
a8
Loh
aL6
gel
Lil
OLEL
ctr
€88
£6E
oga
gEh
00t
6EL
0eglL
26
0641
£0L
a5l
h6
Zee
6L1
0g
62¢
Lea
LhE
98
H09
733
9tlL
86
g
it
745
fal
h6e
601
£he
ctl
L9
h8a
59
9LhL

Nvaun

226
59¢
Ligt
LEEL
1042
951
gtL
120t
rL62
3291
ahb
0Qge
6htl
0E9h
<£0l
6806
thle
08t
796
09L2
£6te
Q£468lL
ghic
2Leg
LE21
9£62
Bglail
G491
L{OE
961
9hte
Llel
FRAA
i9le
oLg
8clLe
qig
LiclL
WE8E
4401
qL6l
G192
GGEE
2Ll
L0244
526t
906
1624
£ESFL
69L02

avlol

1! | GUaIpaK

ua)Jd ey

TN |

uad e

Y 1pabuen
Jaawspue
apnomy ey

dsip

wepuad) |
uaziny

uJGoy

pnoMbooy
|adsd ey booy
wnsJaa| 14
WanJqsuay

uaqg ‘Jap|ay
00| 1Al

pd eRMOfiNYJ 22H
apailswasy

N4 aysliasH
|adsaequad eH

J 83wl oW {J ERH
apal lJauwaildeey
waiJdeeH

N804 qa10049
=S, "pug|aABRLD
dliy ap -14e49n
uaz |nyyul
uaiu 1 g-pucwbil
asz uee puocuf]
WEpU3 | OA-WEP]
usualq
wnatJaisen
Boosjue||eD
unssng
puEB{JIIEM Ul MDoUg
) adsaeyuaany
484018

| eEpUBWLAD | g
wnalde|g

¥ imaaAaag
InoyyJ ag
uabaag
Waodqauusg
Jdalswasag
uJoydabursaeg
L oyuaay
BUMC | NB4 BUUY
Al 1 puy
wepLalsuy

ALY EDINNW

Ny oo
=
(3]

o

=3

o

[AVIR= o
—

DOaooDOOODOOODDODOODDOOOOOOOOOOOOODDOOOOOO

ON

Qole
6581
ihgl
269

29¢lL

£1806

186
018} 3
figgt
Legl
0ewe
4902
ahel
L8882
w622
056
2661
G8hlL
0tolL
LhEe
2941
£L01L
6hé
064
Lahne
2642
9%

ge0t
L6l
L68
6ELE
0L9
G681
£ohe
688
woLL
€821
wall
qE62
LEEq
1602
Lhae
Ot0t
969
g101
6hie
Geat
622e

ima

{panu)juod) |°'g alqeL

w92
te
2

5
f€1

6LZ61

aged
L

oL
L
606
2

)
Zhl
&L
L9
0%l
hOhL
£
heklL
6L
£

9

6

LI
9l

0
hoh
hel
£6al

alLe

LEEL

6g2
gce
bt
04
Gt

gl

LE
oLL

EENR

cee
Woe

14
9ty

LsahlL
hedl

a52
86

glLe
oLl

201
OEl
inl
BEL
08¢
gte
he

Lte
66l
6il

Nvadn

Shet
160¢
0452
a6l

g2t

gheoEL

gagn
£EGL
ctee
061
L19¢%
80he
gEhl
gohe
119¢.
L6llL
9499
hLo9h
€601
oLEn
6h8i
<91t
8CGLL
H64a
192t
Q90¢
inl
hG0h
SlLLE
gt4e
2ehh
6hr9e
6LEe
6tle
409
220¢
hoeil
6héel
EN6E
2686
LhES
94l¢
£n9e
9cee
0611
qLet
961¢
L6EE

avLiaL

UaaA| AISWy
Jeewy |y

100 (SJ9%Y

HJ BN YV
Jasus | ey
4asaLin |1 eIOL
1s)87
piasboz
ul1a1s}assr|
apaisanng F1g sFiA
bJaaquapnoM

SIU M

dONSa| | 1M

UJdaW ag - UaINE|A
‘e*0 udaABUIA

| BEEPUILATA

Jyaad 1

15808

D EBMBJ | 2US

uausyy

apnomsuay
¥a04qs | Cd
Jajemapng
Iysaaal1b N
urabamnol N
1yosaaplin

31004 3UOH

Wi psualJeen
UassSJEEK

uJdeey

v 1doT

1Yd84psco]

uauao

ualoyasul]

uapsna’

wnssaa

yoaoJghuen
uabuaxaoy

% )Jauey

L2INoH

uaawded

sauwsal
‘qatJq
uJ00q
uayie)
ualoyasung
Fuung
ua|ahsJg

Banquasfiy

ALITYd IDITHNKW



~254-

o
EAl
&
™N

=

ODD\L{SDODODDDOOOODD

]
-

LLEL
gL6
6L2
hé6h
0el
ghé
£8e
108
6892
LigL
09g
hoh
ole
gELE
eLel
068
9991
HOEL
g9t
cLé
1881
£981L
St
188
L6E
284
0994
gag2
iege
5956
0ote
68sh
ghtth
w611
988
69
6501t
Boit
1G92¢
fiGLL
1481
<001
higl
65¢1L
atle
£8L1
5141
lee
269
at

1Ina

- aNaVIE g b ATl TR ol B TA R AV ol an B V- s Rl pl B ol ol ol o B =8 o
oLT—r — & ol il NN W e
3]

O
L — 0 —
s

S N

—

CWoMeritir NI~ On N ~O
——

SQ00M

HALVM

0Lt
gL01
EBEL
hag
28L
ihElL
£99
a6l
XA
H6LL
6
2£9
7601
68he
1461
Q101
5181
g4l
hall
9499
clLe
c8et
118
940L
6191
LgeL
99021
Lghe
csee
oLl
920¢
1768
6h6l
ge9e
a8l
666
qElLt
1991
L1GE
LLZL
L6LE
sailL
9961
244l
0662
6hel
clle
£EL
LES
sl

aviod

|eRASER{Y

wayaipay

wlimrey

JEBUJOOH

pue|0o| gBoaH
wobai|I1H

wn|aynaH
Jyoequy=-0p| - lJpusH
Sin|s180A8] {aH
pagousLtiay

doolaog *-18H
wepsuelJaal

18] tAUABH
apnoMsJazeH
WEPUASSS 1D " XUI P EH
wi1ajsabey
1ydaJsIseeH

S AULY-30040

-$, ‘apuezuaseds
-5, ‘abeyusardd

=8, "|8s8pusABL

pJd EEASPNOD
UEE1JRNOD

W edIpNon
Epnan
wayosulJo9g
apaaJapand
BInRQuUassaty
191 |AJB30
uabu paaal
uabbnagalag
syasJdpJlogd
pue|sya1d
14130

p/e a||ade)
ajjaltg

¥l impuedq
d00Ys oG
uased bopog
‘e's Jjeesbsuaysa)g
Alims1ag
apnomuaxJd ag
sl1Juspoy “1a3Jdeg
Wacyuayassbaag
1yasequebisg
uszinyjuag
tyossJspuadeeg
uadodsy

1 244

| D35 J WY

lossr|

ALY 1D INDK

£ho

f g
0o
-

I~
™
™

e}

COOooOoOooOoooOoMOooOTOoOOd

gih
theh
L rANA
1464
Gl6
084l

LLy98L

2429
809
ahte
6l
LBoh
4qeal
hhll
6251
2918l
LelLe
qEZ1
LEZL
ahll
sl
G6lLE
6c91L
<0n|
Likl
5491
L9
#8301
L8t
£64
862t
6811
ghet
LG4l
LEG
€761
194
92t
6481
LOLL
gLl
gLeh
£56
106
L10L
LitL
w62l
gLLL

LNnd

(panutiuoa) L°g siqel

Gl
ia
2L
6
0
al

60fLL
L
L

€
6LE
hty
)

L

L
89/
Gl
2
a1
9

L

g
2t
0

g
oL

g
161
Lt
501
691
22942
z0z
ges
etz
9he
96

69461
SHE

LGl
LEL

LS
L9L
Dh2
FATA
£C
69t

ShQEE

292
2e
2E1
g8e
0591
th
091
EOL

LIt
9L
96
s
olLe
L6
Lae
£eh
892
Lt
Gh
LLL
a0l
29
g0e
72
LLi
iet
601
19
94

Nvgyn

01:44
08146
Lige
8L6
8466
0661

h8lLL62

L824
869
£E6E
LehE
6818
2991
6891
2991
6L012
g6€L
GEEL
cest
S8l
60E L
£19¢€
£L0g
6551
aLo2
Lg8ee
tEl
09eglL
58461
694
g0htL
£8et
Lhif
Li1Ce
£061L
L1928
£29
£6t
ghic
1991
Lie1
LLSH
ghot
2oL
LLEe
HoLe
Gitie
8021

aviol

aplauy

ul1y p/e usydyy
BpEWIY L ¥
WepJosse|qjy
HaoJdguaquy

Ja] ‘Jdey
Pue|IOH "N 1®8310)
adl1z
Heemz
bueasaz

1.4 00APUBZ

peisueez
Jdowaomaplim

J UL OM

wnubopM
JaawdabulialpM

uabu LM

pNoMI S

JOOLSJ AN

dsaap

UaZ | nyualld epM
uaZ i NYua

uas | dA

wasJd

udooyslin

1saabiin

AS ML

|oxa]

1adsaesaqlig
SeJIuERd JUIS
U2TJEBRW 3UIG

| JOOYIS

J48WJ Y35

uabeyasg

puaJauang

215wy =dSpng

Sl puapng
ssopJaaddp

daaudg

UBEZIS00

wepqo

daopalp

pnoMx1qqinN

faag uap 1saoysspai
uapJeepN

uspiny
WepLay3 | UUuoK
prnomMp il

ALITIVd I DTRNN



-255~

OO%OOOODOOOMOOODOOOOO

ooO0
o o
-~ o

L= BTyl
I~

Do
oo

9821
9o

69601

hao9
6a8e
£Lsl
0E6GES
o6l
98l
<ghe
G6LGL
664
LE&L
1661
<h9
668
214l
ocg
£9te
L9
Lg0t
GE
216
L16
196
et
64¢
84E
Laah
geal
lene
£ohL
168
G6EQ
6hh
tolE
oh9
2he
L€
W6
ccly
LGS
626
0995
£egl
1661
ehel
hhte

110

SA00M

691
6L69
LilL
ZLq
LE1
L21

Nvadn

6891
Liéh

95462¢¢

£E91L
LEE
teee
gaat
g6ee
tLsg
ineg
1691
6t9
62el
ghlie
FAYA
FANA!
QOES
99hlL
9262
aalLl
€92l
wEI
666
w99
wi0L
4igL
9i6
LEN
GE84
1081
£8le
A
68¢EL
66
£89
£Q0E
GE6L
LiE
199
giel
209
626
S91¢
ghitie
Heot
efae
1791
hiag

BL AR

uaplnuwauly
Banquapu ey
pue||OH "Z jelo]
yaadspulimz
| BRMIT S BMF
pue|plinZ
puelJallag-pInz
apnomJlaiaoZ
418310193907
ugz? 1 nyussazZ
uaAoOyuaraZ
uapJeebul Iy
abbragnop
uapd oM
sSeRWISaM
uabuiJdalem
JEBUSSSEM
puous eM
uaaAXU | ppeM
UaIoYISJIO0A
1N0YJ OCA
Bangu oo
ISLIA
uabulpiee|A
sJap|odda A
UBUEBIA
banquay | ep
uasoyual |
ualiailg
EREVFEENR TS
Al 1A 028
assluaylidg
iyasapalis
pJ 80MaU00YIS
usAOYUDOYDS
uapin|diyos
wepa|ysg
uaunl|ayosg
w)Bayuasses
Yrissliy
Bangsul iy
apnosdalesul iy
Bangquazoy
wepJsajzloy
alfueyzoy
WJlaxJdapply
uooyy
ylianaay

ALIIYd 1D RNW

{ panu) jucd)

0 488<¢
as 68t
a4 6h9
0 cL0lL
a8 £9n
O A
LLG 668
0 c9ll
0 gLelL
0 h6l
iég tesl
gee9
68¢
GLGE
2eg
6891l
gLelL
£onl
a6
he
<L &Lg
£EG
gLoe
el
6911
128t
gial
Zeel
ZLe
hiLl
989
562 064s
inelL
9 0LE
taie
2l
196
699
£981L
L1961
65l
£LLE
€8/
2L9
G9ht
L80L
7 066
EEl
L9t
868

O OOy
90D
L A=
-— a2

el

OROOOOODDOOI!\OOOOII\OODDDOODOODDDDDOOOO

£1nd

o]
=

L9 ajgelL

Ny -

O ONS P D

CoOo-RNOO
N

oy

NN == e [~ D o0 P 83 (O 0 O OO D
O oy o0 -~
Lol Ll

ooy
—

SA00M

HILVM

89t
c0L
L&

Nvadn

ghte
484
el
eniLL
260t
2281
getil
6181
gLEL
<98
Lige
16501
£LL
ZL94
4801
LheZ
60.LE
£hgl
GL8
L9
082l
966
625¢E
gLel
gtEl
LEGe
Ggl1l
0inl
96M1L
£9L
LEL
LL.8
ghtl
oL6
enhe
oLg
2091
£68
5922
Olte
gaftlL
hege
6021
gife
0Ll
o4l
hall
6eg
cll
620t

avioL

Jdayaeuld
¥a0ysJda3ing
{eebnlaocod
1tysJdald
1yoadpuadey
12S8P| HJB¥JBPND
L DOYUapng
puelJal)eg-pno
5e1Qly=-png

pue| 0330

BUJ 0DAISO0
agYye| 41500
1sa3ab1s6a0
diopsueuni
dioplooN
Inoydan 1 mpJ ooN
Al 1MpJaooN
500 | 8pJd 00N
usasMnal
JJd00dMnNa N
pue|Jayya MNatN
pue|MnNacn
dooymnaty

19SS HJaxaamnaiN
puelJalieg MnajN
qrimpleen
pueuaJdasysulipy
403U pA OO
JAISUaW

JERIDSHEEUS | DN
a) radexaoow
stuteylappli
FRENE-2-TF
siIn|sseey
pue|seey

WEPS BB

assi

ap ‘4811
puowxa’)

s @y ony o]
uspinwial
wepuayosplal
daopaap)sl
uapiai

Wepdaal
VELRLEEEY]
yedabuen

1asst| p/e uadutay
a7 p/fe usduiay
ul'yy p/e vJaeqapnoy

ALITYdIOINNKH



-256-

se
069

ghilL

oun
T~
o

jn] OOOOOQDDDOOOOODSUN\OOOOOC}DDMODOOOO
e} L

=

9ihL
higL
60LE
6921
w262
£€9ih
FAR]N
02tL
gcllL
haGge
L115

qeed
£oRZ
6hhe
&4G42
51g¢
2641
610¢
LELL
6622
G041
9692
ghLe
6EcEl
£802
Lokl
aGhH

cLll
getlL
ogeh
£6¢th
gt L

oeclL
Lhe

268¢
1284
wey

c662
2062
6ELEE
aqLE
agl

LLLL
Gegl
hLER
gLhe
h19s
cEnhlL
LEEEZ
L9614

1Ino

0L
a9
L6GE
Leg
L6GL

LLty
GEh
25l

56t
Ll
hahl
Lol
£ke
itege

£gL

LEh
aGl
gha
aql

cte
L01

Hie
qEGL
al
914
169

3Q00M

6E
80LE
¢

Gl
2te
gL
Ll

001t
0
G811

ail

19
9
e

£
ZE
0
L
<9t
2t
I
£2
06
2
20%
fl
£E
£l
Le0L
gL
L2
al
<
i8

FENRL)

a9

oLE
lte
SLL
q2h
int
061

2L

£le
Lt
601
Lct
¢b4
hee
L0L
thh

Nvddn

HEOL
HEQD
€245
w9ee
6125
6LhG
hiae
L26l
eait
Lotk
0101
g0th
SEily
£cOh
GLO¢
6189
oeLe
LEGS
ghoz
886h
a68¢
£0he
0192
agal
648¢
6081
124G
lELe
L1562
1eLi
welsg
1861
EOtL
(344
£Lch
0064
ght
6648
6064
609E
896¢
hag
0GEE
ul
cels
£hee
ooglLe
9lle
L662
LSO

avLol

e o uabay
uajauwJg “ape
azaayJeey
|83sabsyAnt

puez do uooy

y

1hoysai

apdwa ||

apusaan

JJapUN A

uabaagliny

aMnyemz sbe ‘abooH
apaslll sbe ‘abaoy
‘B0 woo|sbooy
U3AIOH
WOIQUIJIBA| I}
uapsnay
‘YasaquaboldsH
34104 8H
puou } sy

azasH
Jayrusa-Hlimsasy
yosasH

sdey

uaJdalsijed

uaJeeH

=5, ‘JOcUWULARID
SABID
ajJdion
‘az{19
1J49uen
dodpiag
uaj a9
Baaquaplnglasag
usBuiuliay jJeeul! 4
Jna=uaiil

y$os3

da3y

usAoypul 3

188433
uassnq
‘uabung
usunJqg
uabuog
‘pA00|33ULQ
Hassalg
audnag

"ECD YAND
weeys

Japng

Im-

ualty

usp

SulJdd

ALITYd IDINNKW

™

=23

DOODOO?SDODODOCOOO

=]
—
-

clLeeh

G616
969
hel
Lacth
69681
hagH
ghl
9heé
8164
ig
gl

HELEL
G092
elf

648¢
aglLl
£eLlL
626¢
GL9
058
8GE
c8lie
69he
8405
0

aN

0942
6L1¢
XA
150¢
noLe
461
Lh6l
Q6€L
LiG

SOhE
ohtl
8262
LyEL
0ZLe
How9
Ll
agif
GO0fL
cohh

£12as1

he6t
hLOh
0L9
I
ELAL
£60¢
téee
6L0LL
EROOL
L80%
0641
LGhg
85189
26981
wEZh
28¢2
$OE€
769
gnee
LERA
1669
gLeg
gLLty
zifl
£9/
cL09
06251
ceh9

1ana

{panuiiuns) L'g 219el

9£6
GLL
t2a
L2t
24l
994
hil
00e
gLl
L6EL
L60L
2al

802
£18
L
1801

gie
<
a9
a2
A

SA00M

£8OL

fre
ale

GE£6496

2986
80L
091
btk
69981
La6t
HolL
Q186
ihe9
9L
cl8
<0¢g
Q0LhL
0912
49
al
9L
B8982
LEZL
£OhL
LEGE
648
246
8LE
£e8e
a86e
0914
col

HALVYM

6802
LS
hae
L2l
Lie
62h
g8
9gie
9L
WlE
g0%
s
612
oLe
98t
a6e
20g
9cl
0t2

6108

Ll
oL
09

£9¢
Zh9
961
t6l
Lt
ElL
all
Lt

ghd
09¢g
hea
61

h8s
98

GLL
6te
Z8h
99¢
gL9
86

L6l
69

691
L6h
£4¢

Hvaun

4409
9¢i4
EELE
Sahe
LtEEE
1ls¢
gLee
6861
GEEL
94924
GLin
862
L89L
LE9D
L9l
LEGL
6995
L9l
ghes

sentiie

06421
6925
066
88201
cliee
98
6£6C
eotiLe
£2181
LOhE
206¢
WiE9
FAS
00%2e
DE6h
89c¢t
0GaE
0£89
EL6H
Ligel
681LL
2gLolL
FA AL
heoe
hilt
0168
0ih6l
0gel

V101

epasg
| @1xog
Jaauxog
ieyaag

‘e apeid
1539

wny 1 |Jod
10Ydsui-ayJag
waybJog
AlriabJag
wooz do usabaag
s4998

‘e*g yaag
‘€0 |9ved
negsseN-at4ERG
ua1sy

‘B0 usyd|y
31X 1 Y=DiJdBY
Bang| ey
piue|aaz |elol
CEVAINET g
BYJBYUBSS I M

Bl 1adeqIsaM
UBMANOLDSJ 2T 5IM
uaBuUISS} (A
aJ28A

ST IUDN | BA
usjoygl
uazZnauJda]

5{n(3
puejsdijiyd 3uls
1U90 UBA SES

| EEMSJ AW Y
bungisog
UaMNoyOSUaPRINW
Bangroppiu
ayLfard ey
auabiaoy
a)|adey

1snH

B85S 1U2JUOH
$200

puUE|&AINg
Banquog
assluingg
USAEBLSJ BMN0J Y
ajassJog

| &Xy

ALITI¥d 1D 1 NDKW



-257-

qtel

0cgl
Ch

0%
an

1602
£8¢€
£8LG
914l
0go
LGEL
<Lt
6L0E
9£8
hig
chel
194
999¢
1533
9EHL
LLL
809
2ohs
069
09¢
84
H08
rLOL
£49
LtE
£hea
£ha
£he
t26
6ile
cetl
90%
L8z
Lohe
L0

LoLatE

A3 y1
WeLE
9£6a
£QEh
qihh
0£ge
6E91
921

9Lhs
hiLal
Otfy
L6491

10D

9
9492
0g
L2
gL
ehE
0e
192
G
LL€L
4

£6E89

£lg
6
6it
St
2el
064
Ll
FRT
ast

<
Ln
th

SAQ00M

gE6E
189
0269
Lhhe
Q.01
6402
gelLe
Gotth
6801
64E
L0Le
969
5660
6LZL
£4681L
cte
618
6GLs
168
hES
LG22l
E9LL
GEGL
gha
6GE
1h60L
vl
18¢
86¢€1
2162
L9gt
6Lé
LO6
£QZh
682

8640149

£heg
ch6h
ihht
inLG
6hLG
£0sHh
gLLE
6801
LL568
6981
of1i G
86E2

V101

uasAnyihay
U334 8H
uap|ay
TE-JINE-F-11)

TETO [8aH
ua | ey
uad|ng

184 0AUBQQNJ D
pPl8ASUDOJY
I qUBABI G
wayiedq
a]1nag
dauuag
PEE-RER)
uapsli3
uaanys |9kl 3
015113
yoi
‘Jalpen
apung
wunssunJg
uaznyyacJdg
uJso0g

23 | oysog
apesabulg
uabJag
1r11queL ‘bBueg
ua | awag
prajiod

|9sa9qg

Haag

uapbasyg

waxaeq

uapl|epA ‘uasay
apeJualsuy

Jamy

queqelg ‘N |EIOL
JaapUNZ
uabJaguassz
pue|aaz
ANOM,
wayosiJapnoM
JYoad psSuUaoM
peaswa| | I1M
UBADUJ 23S OM
WEPUSYJ B
y1dseM
Moduem
Ylim|ees

ALITVAIDINNA

{panuiIuog)

oo = b=

Y]

-<]

CoOCONOoOOnNoOoooCoOOOoOoOoULoOooOo0oooooooo oo ooC o0

]
F4

=
=

6E6

6042
9L0e
thah
h062
sese
L6HE
<hie
Li6t
gaat
G2GE
LEOL
woge
Leli
9411
chie
84a91L
GE£09
9144
84all
409¢
Elle
£E£te
gozh
hOLe
Wik
EOtL
£qre
E9hE
0LsL
hee

L1662
£00¢
Lig

0i61L
a5l
Liny
a4t
9162
clét
066¢
L18

ghelL
a8ie
haghe
RLEL
hele
clie
199¢
oohl

1ind

L*8 3jgel

B69
Ohh

Elet
S9hL
SEhi

ehLl

inel

004

LOL
£LE
el
L9

SA00M

og
LZl

ot
HE
89
0]

L ENR

EhE
6t
cLE
46
1te
L99
9t
6h9
all
hat
9992
gLl
gLl
9te
Li
L6l
£4E
ehe
2fe
Lit
19F
91
Ll
i
a6
coitL
gLt
h&i
9get
L6l
68
h8l
egl
9gl
9il
Keol
64l
<9L
a8l
6LE
28t
a6
L01
Let
LEL
oh
Wt
981
LiE
hE2

Nvaun

gele
208¢
Glne
£6€9
6284
Z8eh
h6eh
rA83
0692
9¢¢9
g1L08
TonL
ct9e
60L6
9581
L94e
1992
948
4199
9gle
ghin
aLLy
iLLE
1609
HEEE
0914
PR
25l¢
Lach
Zltee
0681
hiEE
£LEE
Lt
9462
9962
0£8%
iyl
69L%
c6le
w09
a6

8291
anhe
692¢
gL91
602k
L6ie
£LLS
6Lie

avlol

ad | eeM

1ybBnA

uauls (A

Waagsbu) [JalA

TETD WBSSIA
UBAOUR | @A

184BaA

DPJ BEMSUBY | BA
noyuapn

uapn

Bang) L

uabulJaailal
uapliaydal
uabaaquaslsg

ual IngJeeppuels

a| |aden-Bueadg
"B U0g

uaJ awosg
apoduapap=3ulg
1815885191 Y21KW-IU1S
1apul)yos
ql1reyss
uabJaagsliy
uaydany

usj eUsoY
"leepuasooy
waaoylaly
gro jasnay
ujalsuasey
yuopsueey
213nd
PELELTER TN
|91SeS MN3)NUapnoD
yoasoquapng
1YoaJpuUasso

EE:1))

*e’o oo|dp
1NoYJ 23S 00
SJa9qIappPIW "M''D
Al )maeis|o
J04asA 1D

1184490

pue|nnN

*B'D usuany

apoJ 181sIN
4ABWAasSSOA MNIIN
ua®auu g MNalN
jaisobuaon

‘BTD || IHW

o|JdallW

uads (N

ALITIVd IDENNKA



-258-~

=

U\ODEOOOODDOD

oCoONnooo
e o

[=]
=

16661462

(33 724

96011
L00%2
95291

cheshL

204
eL91
998
G1E
9965
4961
cLb
£9h01
6LL1L
0951
6651
56¢€
LGS
204
gl
28¢
09¢L
LLEL
N )

113

16080F LLBELE 220092 64€469¢

£48L

964
L9¢E
96.L¢

80612

6&
2oL
it
6
0591
L9
hel
clte
119
L0E
044q
€1
ie
o8
il
061
9%
Ll
611

SQOCH

g0L61L

6E68
29t4
s08h

caeh

aal
28

gL

28
Ll

8¢

58
oe

e

d3iVM

a6ge

£
gL0lL
oglLL

gnaLe

82
L1
18l
114
€68
Ehl
96
Geg
2921
L6t
191
L8
LOL
gl
0L
£LE
OLeE
£51
frl

R

ggeall
2EgLs
hh0sE
1668¢

626022

6LL

Di6l
G96¢E
£386

ha66
gl
h6g1L

aL9tL

Lion
6642
GeEZ
(31

108

8001
589

chOL
6612
gnll
L0021

aviol

uolleN 1elo)

sJdapjodr| selol

puejoas|d »l118pInZ
pueleaaid Al 191500

uaiuoug
Banqui |1e30]

apeJspueul M

a4 MM

WaliIM

WALSSAM

14 8aM

1 BEPUDJ B0A
dodpatp

[ eaudp

O UBA
wayinoH=-6anquax | BA
2| REA

puouin
ualedl1sain

SU4OM JBAD YIE]M
uJd oyl

ua|sba)

UaU | BAS

usJlaisng
MoJdugaig

ALITYd IDINDK

[a=qar iy
oD

M~

—\0

Lol

CROoOoDQOoOOOOOCoOCoOoQLNOoOoOoOOoooooDo oo
A=)

[=] OgDC}DDOIﬁOD

=

£LE
229
£eh
866
2e8
9t6
<E8
BOG
609¢
gL
cLLl
218
Wil
299
gEhL
gLglL
056
609
622
it
96
949
£8Y
Ll&
€191
cast
cut
GD6
089
w08
gi6l
£8E
2isl
LiG
ihge
chg
661€
868¢
ELg
ithil
Lil
669
6691
LTS
8EE
clbe
£9L
0019
684
eht

11N

(panuiiuod) 1°g aiqel

a6L
691
ate
cls
Gl

£6h
gLe

Bil

L8l
gl
229

001
gog
Efrl
504
£e

¥4
9%l
62

021

£69
692
L2

SO00M

=
uyOh
-

o —

O = o

Qe OWUMNIoOoSNNS —
—

a8l
%4
6Le
ZLL
L

i
£e
Ge
Y
fl
0
69
GlLL
L

- ERR

hi9
6001
L9%
G2l
ROt e
20E1
9Le
6l8
626h
061L
hatL
LL&
£89
194
i18ee
998
L0t
o2L
Ghth
Lot
ot6
€6l
£ig
HoL
LglLe
09hs
ihh
£88t
h66
868
h&61L
g4ty
62eE
198
L1h6¢
7186
w6846
8LLS
0e91
ZLal
tib
€64
Qe
09gtL
B6E
£92¢
669
£E08
6all
268

aviol

3J a8MSUDADILS
ulais
yaaynedsg
usyeuats
pJaE3318
Baaqual | sp) Ui
pIN41Jasg 1Uig
ploaladwulg
WNU2A3S
plaAulyasg
EWITARVET

L WETITTERTR T
Biagsaeyag
uaJs31s00y
19660y
puowasoy

3| 0YJa1S0Cd
HoaqsJ 10

Meel ‘sygQ
"ETD 24yoi1qqo
4IANN

¥ 88QJ DON
JpelIsMnalN
uabeyuamnaly
JaaN
JJ4BaMmIapan
uaaiabaaisuny
‘B0 MOOW
14043UoH
NET-TI

18l 18K
H29g| 99 AW
yasoquax+aHd 3ol |an
uassJaay
WNSSUBM-0}Jaay
uaies b ey

YD IAISEEY
sasqseey
1yaeIqsSERN
auu
IYsiaquln
uswu |y
jassay
apedyJ a8y
Hoaqer

|asuny
baags | NH
3ISJ40H

uJoH

¥ 904 gSUIoH

ALITIVA 1D I NNH



-259-

‘ al

- ot

) 02

' 001
. 00%
i 001
i 0oL
i 00t
‘ oz

i 001
i 091
i 001
. 001
i 001
i ool
i 001
i 001
: o8

‘ ool
) 00l
' oalL
i 001
' 072

' GolL
i 001
i 001
i 001
: 001
' 001
i 00t
i 00t
i 001
oZ 08

0z 08

- QoL

: ool
‘ 0ol

wey| assp|
»limuasig

JBPPI LA

k2N |

| BEPEJASS T ) I QUAM
WNM.J 0M

| 93PRADSUOM
JJombus | [9I51SaM
|2apeJabuopisapm
|8apeJabulin
ieapesalsyaaliali
usJyaselg

Waaug
pue|Jabul i | euws
uaio|s
wayJ apJd amney
pue|493sdy
J4ambBU1 | 12353500
|aapeaabuopisco
|agpeunp | Buan
pUB | 187 5Wa7

[ DapRJ BpJI EMANBET
uapJd eMnNaa

RO pue|Jawng | oy
jaapeJtapdEep)
uadoo|apulH
|a8peJ 8pJ BRLUUDH
PIBJOPIO J2WN ) DUAH
uagALazaay
puUe|JdaMsey

uabul |JeH
pue|Joaiseen
|8apeJ ayoued 4
Jaysued
|@apeJapIEaMID

| ETSJaME 1 UOQ
wnyqoqg

{ eopEUNILE]

pJ EBMS | OF

19y ‘ipilg
|2apeaseg
|aapeJapseeg

ua | adsdseqiyay

AQ
4Q

43

Atiedioiuny oJad

001
0l

ool
ool

Oh

S1DIHESIO NMyd NI SI1LITVdIDINAKW 40 JOVLIN3DY3Ad

<'8 3iqel

05
001

001

ool

Qo1
04

034
001

2

530141510

i

thioupinz

1, ‘ipuez
wisu)M
uUaIoYISUIM
N J §Jd eM
appanibe A
WepLadaA
3Janbsp
wng | n
uapaauJd sz InyiIn
uazinuiin
uaiunua]
unpaig

| EBUBYSDEIS
uaJlvIYoso|s
BpUW2IYDS
glaxad apng
HaoJquelson
aroyapio
eploMnalN
SUBHDSaMNA N
e1a¥ad aMmnalN
WEPLDIUNY

Ep | OMP W
wnis|appln
uapaal
wnsJdaddon
suaal
uaJdngJlalsoo|y
sualuey
Jsauwsddeg-puezabooy
H4asdliin
isebal00ug
uabuuod9
ap|oMIBTISUl 4
abu1z]
wnJya]
Irizyiaq

uaj ‘Jdsog
wnaalg
appambuy | 9g
eju3ag

unpag

o|4eg
wepabu | ddy
pd enpy

diopy

-3

Aryiedisiuny ouad



-260-

G2

e

LZ

173
Ot
oGl
0L
oL
09
og
oe

001

0oL
a1

ZL

0oL
ooL -

0t Of

- 06
o

0o

ot -

oL -

91 i1
$351J43510Q

06

08

QoL -

06 -

N

© o2

05 0%

08 -

0g

oot

It ot
$79141510

uap ‘wey
uabJagsyeey
4009
apayasuy
uaaauadatq
w)ayuadaiqg
iajuaiag
dwesyauaq
uasyieq
auJog
uzwitleg
}S$3aJBAY
uaplag 3Iquy
ajau|y

Altedialuny

isJoydelsg
u3wwo
Baaquapd ey
uabJaagswedn
uasy4teq
183l any

GO | a9MZ
aplompinz
ap MTIM
HJI0QIITSIM
ap|rug
uaal|s
PEEDEIL T TR
ploOMJdaU Ny
uau i ny

ap| oy

U9 | ASSaYJBIs00
Ul ocpo

| addap
uaaaabooH
al|eaeH

81 )955€9
uauy
ojabuimg
uajeq

uap4 0AS0)
Jabuog

ua) a9

Ay 1edioruny

AD

[« N ]

AQ

Jq

QJd

ool

qt

SIDI¥LSIQ NMYd NI SIILITV4IDINNW 4O JIVINIDHIL

{panuiluod) 2'd 2IQel

£l

: 00t
09 On
111 S

' 06
ooL -
ooL -
ooL -

: 00L
i 08
08 0¢
’ 04
' oL
‘ 0ol
' 001
0
0oL -
ooL -
0oL -

i o<
oL 06
05 0l
oL -

6 2
810143510

Bl 1OM7
SIN|SIJEMZ
weytassry
A0

Y iMuaalg
1sa0ydels
usuwo

Jap|odiscopd ooN
GASNB | MNA N
uaduey
1|19SsEH
uap | nusuas
uasg|eqd
apaliMJapadag
183984 8AY
uasg|pInz
SOIJA
42pps|A

sp| 1w
aploy

uapoy

azlad
uaarolIN

BJ ON

|adday

87 8AEH
usialg
a1]198ss5eD
apla3
Jdaralq
Jdabidog
ua|led
uassy

oo |uy
JJambul (8181500
usoyptnz
HJAHAIPIO
wr.J ey

Haa
Jaswaddeg-puezabood
LuaJ BH
uaburuosn
pJa enpy

AD

J4a
44

<49

Airjedioruny ouad



-261-

- * 01 : . . uauayy ooL . : * . . 14 O0AL 8IS M
) * 001 ‘ ‘ ) aprioMsuay 0oL . ’ . ' * [yaM
* * 0oL - - . . Ud eep . oL ' . . - P BASLU BM
b * gL - . . . uapsna - ogL * . . - uapJd oA
. ) 1 . ' . wnsd 887 o 09 - - M . uaJ BpUaalS
* ) 0oL - * * . sauws] ' 06 - aL ¢ * * olJanny
’ pg oL - . . ' usloyosung ng . . - . . uapasuued
- i oL - i - - ap “1j'g : : ) g : ' jaodqap|o
* : coL - * * : uJ eegq : ‘ 0g af ° * * apaal
i ) [610] R N y * 14004sJ9uy * 04 02 0t - . ’ wayoo
: . o ' * . uabuodaly 11 oL 06 - * ’ ' : apJ 0oALRIYDIT]
' ' * ‘ ‘ a2z uaydanz 00t . ’ . : . | adday ‘o awuny
' * og 02 ' ' uabuluabiem [V I ' ‘ ' 4 . IpJay ‘uUamdsH
’ ) ) ) . oL 06 ISJO0DA ; 0oL . . ’ ’ ot abued
) ) ooL - : . * | @9zuadsaylg . 00y . . : : aguagts
) ) ’ 04 01 ow - 1epUDZOY ) og 02 ’ : ) 1955400
: * ) ) 09 0w O uapayy ooL - B : . . . uabu}dpusn
. ‘ . ooL ’ ’ whxuay : 06 ° at " ’ : uabJagl 3
) QoL - ) ’ ’ * ualing goL - ' ‘ * * * uaaling
’ i : i ' gz - yaodgap|o 0oL - ' : ’ : : waysul13aog
’ g6 oL - ' ‘ . sJdanl iy o - : ! . . . Bangsaog
* oGL - . ) - - Jgaadsuny oaL . . . - - o(Jadxurg
) of 09 - . . . uax | sAR0H ooL - ' ' ) . ' wepta
b ) ) ) * [P 11 apJaay ) (622 ot ¢ : ' o|naao0g
’ ) i " ) ng oe woiley oagL - ' ) ) ) : yBJag
- Oo_v - . . . L) xw‘_EmULWI Om - - - . L) . o_(—mm:{_
) ooL - * ) ) ) alawd3 og Gte ) ) * ' ualiey 29
* : i : i 08 02 ad3 : : ' . 0s - : a1 |10mZ
) coL - ) - . ’ Bangi32 * : ) ) oL - ! ayfim
i . og 02 ) ) apz b : * ) ) potL - uapJalp
’ ' ' * 0 ' Bangsaog ' ' . 09 0z 02 [JEENEET]
. 4 : * : ooL uawrdg . . . : : noL US3ALBZAIJA
’ . ooL . . : ploAauJed ’ ’ . 0 ° 04 uabaagqnl
* ) ) 69 02 - ) wayuJy : ) ) e o8 uap|aa~-pels
) 02 02 - ’ ofr 02 uJloop ) ady : ‘ : : : oglL uassl1y
) . . . (] : olJabuy a9 ’ . oz - o8 : a1jeey
) 0q - * : o UapINW[assr]  AD . . ’ : : ‘ 001 wnsJ ewulon
* * ’ * 0t o0t ° LBl
0t 62 82 12 92 2 22 ) * : : QoL - : 15|10
10141510 A1l 1ed1oruny oud : ‘ 1 06 | eBZURD{ D
: ) on 02 - ow - 0| 2xJ Bl
. . 0oL 85507
) 0g : ’ ’ . uaydinz ’ o0 : 0z - ual oy
0oL . . : : : JeBUAAST . : ‘ ot [IF o|abusaH
o 09 - ) " " . waeyl|az ) : : . og o8 - uJdocpua] | aH
06 oL ¢ b ‘ * N YasiM . ' . . 001 . culaH
05 0§ . ‘ . : AMIASIBILIM 89 . . : ’ oz BJagquapJdeH  AQ
G2 w2 lg 02 6L 8L Lt G2 HWZ L2 02 61 8L fL
$1314131511 Kyrjedioruny odd 510141517 Aitjedioiuny ouad

(psnu¢iuod) g2°g @igel



-262-

LE

: ) 06 02

. . . 0oL *

it o9h Ofh &£ BE

30141510
. oaL ¢ ' ) )
. : 0oL ° . .
. 0oL - . . .
. o6 - . . .
o0& 06 - ’ Y ’
. 0oL ° . . .
) ) 0t 0L 7 '
. . H . . 001
. . . . 0oL *
. . . 0oL - .
. . . 00l - .
. 001 - . . .
. H 0oL * . :
‘ * * ooL - )
. 0oL * p . .
. . . ooL - .
. . . 00l * .
. 001 * : . .
- (11 B ' on
. on ¢ . p .
. 001 ° . . .
. K . . ool -
. oot - . : .
. . . 00l - .
. . . 0oL - .
i : p2 on oh
0z - . . . .
. . . . 001 *
) : - ’ QoL -
i * ’ 0ot )
oh 09 ° ’ . :
. M . 0oL * .
. . . 00l ° .
. 0oL - . ’
. 0oL . . .
QoL . . . .
: 0oL - . . .
. 001 - . . .
og 02 ) ‘ '
9 4f wE €¢ 2¢ LfE
510143814

uajsynaJlg
apnoaqy

Arvedioiuny

adfiz

Geemz
Bueaaaz
pelsueez?
JaudomapliM
J 2ud 0¥
wituBopM
JaswdabuldaM
uabu ) A4S IM
prioMisam
JO0YSITALOM
UazZ | nyuaLe epM
uazinyuap
uas | ap

wasdn
1s59ab31n
LEREAN
|adsaeq2qlig
SESLOUEd TUIG
uajJeey LIS
|JoDyas

Jawd ayss
uabeyag
puaJadang

Y puspno
saopdaddp
Jaswdg
UBBZ1S00
wepqo
daopalN
pnasxiqqinN
wWepuayd 1 uLoy
PROMD I W

A} 11 quapay
uawuwi ]
y{tpabue
Jaswspuen
SPNOMT EY
dsip
wepuad|)

Az1yediaiuny

{panuviluod) 2§ a)qel

m

D44

HN

o0Jdd

001

o€

6c

ie

ge

[+] S
ool

et Lg
310143510

t2 &<
$30143510Q

uJ 0aH
pnosbooy
yadsuseybool
¥aoJ qsuaH

uag ‘J4apiaf
Q0| {8H

pJ eEMOBAYJ 2BH
HJd 9y swoay
|adsJdeyuUad EH
apsal |Jawuwa|Jeey
HaoJa qazo04s
dlffiiy ap =3seJdo
dazinyyul
uauu g-puowb3l
WEPU3 | 0A-ilEP3
wns)a3Isen
Boosiuel | eD
pueiJaleMq ul yaodg
jedsapyuaaog
30| g
EINERE-LAC:
neoyyJ ag
uabiag
Jda1s5uaag
uJoydabu)sdeg
uJ cyuasy
euUMO | nEd euuy
A1 puy
wepJajsuy
Jeeuy |y
100 | SaNY
AJaxaqay

Al1jedioiung

pue|oasld Ml1tepinz
pug(oas| s %l1121500
uHaluoJdq

uaJsen

uazinH

WRASJIIA| IH

wnolde|g

1518z

BJBquUapnopm

| BRpUBUSaA

Arrjedioiuny

HN

Odd

rt

HN

an

oJd



-263-

0oL . . . -5, ‘OPUBZUIARID
oL * . . -5, ‘abeyuaArsd
: [41; B ) 09 epnog
4 . ‘ ' 0t uabbnaqa)4q
) ‘ ool apnomJdalso’z ag)l ‘ ) . 34180
: . 08 Jaswaalanz * 0g - * jass| p/fe s 1aden
* ‘ . uzz Inyuaaaz - - ' . 00L daoysog
. 0s 09 UBAOYUAABT . 4 . . ok uaAeJs bapog
‘ : 0oL abbnJy gnom * aoL ) ) #PIMsag
. : ' uabuiaalen ooL - : : : slMJauapoy ‘|ayJag
. - 09 JBRUSSS BM . aoL . * yaoyuayssbuag
g ’ not DUOUWL BM . ng . (¢7] uazinyiuag
. : 0¢ UBsAXU I PPEM ' ' : : ool ulf1y p/e uayd|y
* ’ Dot UD3ICYISJ 00A . . ’ v 0oL apeway | ¥
- : 00t IN0DYJ0OA : * ) ) 001 4ol ‘dey  HZ
’ ’ 00t Banquax | ea . ’ ootr : dsaap
. i ) uapinydiyos ' * ) a0L - uJdooylln
. i ) wepalyos ' ‘ ) 0L |a3suy-Japng
g ' 001l w;8Yyussses * . 0oL . Buaag uap 1sJoydapsi
’ ’ ’ AF1msT1y : . ool . uap.JeeN
) ) golL B.ungsulry ) ) golL - ' Uapink
' * ool apnoMialesul)y 4 . 09 . usJ e’
: : . WepJ 8310y ’ ’ 69 * UaZ INY
: ‘ o0l Sl 1angay * " 06 - ) wnsJdai)(H
‘ ‘ ‘ daxaeuld . ' ' ' Q0L apajswasy
' ‘ ool 1soabisbap . . . 4 oL HJaySlWasH
* . . dJopiooN : . ' ’ QoL Jodwaswua|JeeH
* : 001 1noyJ a1 apJcoN 4 : . ’ 4] apol |Jawwa|JeeH
: : 09 Wl 1ApdooN * : * : oolL wa|J4eey
' o% 09 UBAAMNAE I N . . poL - . -5, ‘pueg|aAeJ)
: : 06 doovmnaiN * * * aGL - uauia!g
. . : {ASST MJayJdamnalN . . noL - ' wnssng
’ ' ’ Al Mp) eeN : ’ . 06 j eRpUBWAO | g
. g g Y984 pJ OOKW : . o : wnajJeld
: . : J2IsUoH . ’ . ' ont a0 qauuag
. . ‘ a| |adex.Jaoy . ’ . 0oL 0f wepJalisuy
: . . pue|see) . : . 08 02 ugaA|aIsuY
: . 0oL ass 17 4 4 . . 0oL J2aWs | BY  HN
. : . ap ‘wal : . : ooL - SIUJ M
) ) ool uaplinulan * ) b oot TETO USBASMUILA
’ ’ 0L wepuayasplan ) ) 06 oL -~ 14oaAaalbIN
) : (1]4]} duopasplan ) * * oL Jyoauplih
. 00t uaploa : R o L S ’ Al ipsuajueey
- ) ool ul'1y p/e MJayspnoy ) ) g - ) uassJ een
- i 09 NErmiey . . 00t : 14yoed ps0e]
. : ool weba| ) }H - ) 06 01 -~ uauasoi
' ' 00t ApNoMSIBZEH HZ . . ‘ 02 uabuayaoy 1n
o 6¢ 8¢ i gh 0% 6E @BE
833143810 Ajrlediarung oud 53314151Q Aitjediarunpy ouad

(penu)auod) 2'g ai1qel



~264—

6%

QoL

00t
00t

0z

001
ool

001
001

QoL
Q014
00t
001
QoL

ool

1

QoL

Ot
001
og

st

htr

05 6 8%
$1014351Q

£ 2h Lt
53914350

| 07 542wy
aplauy
WepLtasse|q|y
yaocJdguaqdgy  HZ
us|aoz
BanquapJ eep
HBJNA
HIJEA
Bang|ep
uabJaqqn
iall
uapJauued
2 awaydg
uabawul Iy
uf1y p/e uvabulj|lK
AldNek
uspuai]
uaJalsay
Uass Ny
uaJsalsy
uaul | maoH
1pJay ‘usMIdH
ualjeeH
¥aeQsaodn
ipuay
uas%| eusap ) an
uaulido ‘3183
1513
pl1aiyol
pJ EBRMAPO]
113g
baoqua(ng
uas | ewanng
uadng
wayalsnag
| Bwitag
psaag
wayudy a9

Altjedisiuny ou4d

UopJ 90M

ISLIA

Alimolg
HJB%IBPPIY  HZ

Al)tedioiuny oad

{panutiuoa) z-'g a|qel

a0l

Qg
ooL
nolL
0oL
aL
0z
0oL

Oh
0ot

£h

‘ 06
' 001
i ol
aoL -
o0& 08
i 0t
. ok
g
‘ 04
02
: 04
i 0ol
(11
i QoL
09 -
i ool
i ool
: o0l
’ ool
g -
' 06
‘ 09
Zh Lh
§701435)(Q

12880 HJaYJIBpND
dooymnaiN

|BSSMY JayJoMnalN
EREYRENYES

19ssrt p/e uadwiJay
wa p/e uadu| .y
AYJEqUY-CP | -3 I J PUBH
yvasIseey

3 ed 8pNon
uabbnaga1Jag

|8ssr| p/e a1 )aden
uasedabopoyg
apnomuay.Jag
1yaequebsag

15137

plaAabaz
U1338355)
apaisanng T1g YliM
BJdaguapnom

doysal |1k

UJ8aW 30 - UaIne|A
JysaaIn

15808

P BEMSL | BUS

uauayy

%aon4qs|od
Jalemapng
ulabamnalN

1400 1JUCH

Yl ipsualdeey

uassJ eel

y14daen

uajloyasul’]

wNsJasa7

MacJsgbuen

uafuay ooy

3 1Jawey

walnoH

uai sl eH
banguasliy *qal4d
uJ0oqg

uayiogn

A ruung

ua)sasnaJag

ap ‘1114

doyasuay
uabuodaswy

HZ

n

Adl1edjoiuny oudd



-265-

6%

A

13

25

..om
S e
- goL
¢ og
N 1]
oz
©oog
7L 16 16
$1514381Q
oot
S 11
oot *°
0oL -
< oL
o
o2
o0l
oL
poi *  °
og - -
ooL ©
Cr 0oL
SR 1111
06 L
06 6h 8h
§101435)Q

8ssJuinag

uaaeysJamnodg az
ualiaisg
assiuayldg
8aqE | 41800
daopsuewny
SIUJBY|2PPINW
wepseey
|EBMSEE |
-5, flaapuaAeJ)
YD PU0G

pue|sHt1a HZ

Ayrjedialuny oJdg

yossoquapno 4N
1yoadpulTtmz
jeeMald eMZ
pue|pinz
puel|Jaliag=-pInZ
uapaeebulim
SEEWISIM
ISIIA
stapjodaatp
uauel A
uaaoyual |
uallJdas
WA BY 42841
ass juay1dg
Iyosapallg
pJ aoMaIUCOYDE
U3AOUUCOYSIS
uauinj | ayas
Banquazoy
alfueyo0y
HJOMJAPRIY
uooyy
#a0ysJdaling
| eebniaood
11ysJald
JyoaJpuaded
uJooyuapng
puelJaliag=-png
Se|qiv-png

pUE|0310 HZ

Airjedioiuny OJd

64

{penutluna) g2°'g @|qel

5

colL
£G

cs

b : 00L
: * 0
) ) oot
0oL i
: : 06
oL - )
oe )
b ' 001
oaL :
65 i
‘ ’ ool
* ' 001
: ooL -
oL ¢ o€
. og °
* : 0oL
GgoL - :
04 6ft gh
$30143%14Q

aUNOOATISDO

aaqqe| 43500
SO0 | 9p+4 GON
Ja00dMana )N
puessayyel Mnaly
pue | MnaIN
puejJaliag Aanalj
puejuagaaysulipy
jeedbsaeeus| ol
studey|appln
PREYNELDT

wepseey

pucuxaT

wepdas

¥ a04qJas

yesabue

|eemsER|Y

waya! pay

J BBUJ GOH
pue|yoiqbooy

i j 3xnsH
Iyosequy-0p | =y JpusH
§1N|$380A8] | ®H
pJoouaulaH

doaisog ‘-18H
wepsuel+ssy

18] JAUasH
wepuassaln XulpJdeq
ulajlsabey
SJAWWY-1004 9
MELE]EYY N
PJd BEMS DNOD
UBEJDNOY
wayou14o9
apasJ apacy
Banguassalg
EETRPNE-T)
uabulpdaal
yodadpaoq
pue|syJ1Q
ajtardg
nlispueag
‘e'o geeabsuaxsaid
1yoequebsag
1ysadpuaseey
uaJadsy

lw-

18ty HZ

A3rrediolung odd



-266-

£l

on

0L
ool

09

el

1A

SL

QoL

al

06 0Ol

i 001

. og

N ‘ 0ol
: 0ot -

‘ 110} S

‘ QoL

: ' oot
: 0oL

' ooL

‘ 0oL

i oGL -

' ' 001

19 85 99
131418} 0

2]

oor )
° oL 06

. 06 -

bl wG L4
§10143510

uassng
‘usabung
uaunJ (g
uabuog
uassalg
Tet2 YAnD
183404
Joauxoy
(ap&|g
1sag
10YasuUI-aYJdag
waybJag
Ay rabusg
sJdoag
nesseN=-9|Jeeg
‘o gayd|y
Bangjey gN
| awwogal | ez
uayolip
{ W EeM
wnssoy
1 §AESRIAAD
uafaul )y
181 JPSEEKW
Al 1A 9y
uassJ oy
usWNaY
uapd eeMad aay
{3poH
Alrimg
yalnJag
| BWNa4(
teyeig
uabu i uitag
uaseybusyg
Banquailed
uJ a3 | addy
uapozJauny a9

uap

gD

Ay jedioiuny odg

1Ja8puny

uabuaquenaz

MNOM
wayai4pnoM  dN

Alijedisiung oJdd

(panujauoo) z-'g alqe)

al

) ’ ool
DO
* ooL -
) [¢10]
[V Qg
) 0ot o1
) ) 0ol
: acL -
(0107 S ’
05 o
) aoL
a5 114
s 119
0 ¢
0E (Ot @w
ooL - :
) CE 02
) ’ oot
: 06 04
[0} B 0f
Do
%
) 0oL
’ ’ oGl
oL 0t
oL o
Do
oot *
oL
og - b
0z 1
Rt #®4 1S
$30143%8)Q

1YD8J PSUSOMN
pelswal| M
NESDIENRET
Hidseym

Al Mg eep
uabulJaiay
uaplray+4ay
uabJaaquaals

U8l iNgJEBPPURLS
a|1adesy-6ueadsg
uabusagsCiy
uaydony

‘|l eEpPU3S00Y
s}uopsweey
231n4d
yPaquasul.ig
| 818D MBI NUIPND
yIsogUapPND

DB PUBSED
1noyJda3son
JasuassoA Mna)N
usyauulo Mna N
uajowuiag ‘apen
ddapun|y

usBaagling

amn|emz abel ‘abooy
UIAIOH
uaJa33s| ey
ANE-T.TITE- LN TS
uallly ‘8z119
BJaguapiniildasg
ugbuiuliay jJdeeulty
Ana-us113
uassng
‘pJoojsiulg
weeyn
epaJg

wooz do uabuaag
NESSEN-2|JERYG
*e’0 uayd|y

29z 14317
USMNOYISIaTSaM
uajoyl
pueisd)jiyd 3Uls
| eEMSIDW] BY
UaMnNoyIsSuUappl W
puB A INg

uadsilN

.lm—

sulJdd

2N

az

Altledtolung odd



-267-

001

24

At

113
0i
O

00t
0%

001

oh
0oL

001

84

§3014351Q

g ua | ewsoy
. S50
i pue|nN
' ‘e*D uauani
‘ apod +a31s8IN
. otJdaty
. azaayd eeW
' noysal
. apuaan)
. -5, ‘yasoquaboilday
. puou|ay
. azaoH
’ dayruig-yrimsasy
: yosaaH
' 1.4 8Wan
. dodplon
) usiian
. da3
: uaacypuly
: wap ‘uabung
. audnaq
) 1apng
’ 183208
: wny ! deg
. ‘B0 yosed
. ‘e'd |9Yeg
' ualsy
' ]81X1y-9|Jey
(114 uaboulIN
oL uaunay
0¢ ¥aaqssadn

09

1514 Al1t1edioluny

: pue|aasz
a1 Wwayd 14 prRoM
. UBAQUJAISaM
. FroJuem
. aJieem
09 ayhina

uauly A
Mjaoqsbu) (JatA
. ‘BTO WASSOA
: U@ADYP | 3A
. pJd BEMSUDH | BA

94

8N

8D

0Jd

daN

Alyviediaiuny oJd

(panu¢iuond) g°g alqel

oL
ool

L9

' QoL

84 9¢
$3514181Q

1NoYyuapn

uapn

bangiil

RO U0

apoJuapag=-1uig

183836% | 314D IH-IU{S

tepuliyas

AFyeyos

ua | ewsoy

uaAdy3Ialy

TB'D [@snay

ujalsuairy

S50

*g'a ooldp

1n0YJd 93500

sJ488qispplW "M 0

AT IMIa3510

30Yyasd 10

3118iia0

pue|ny

‘0 uauany

|alsabuasop

‘B'3 )| IH

‘e usbap

i@1sefisyAnT

pugz do uvool

Y11

apdus)n

apusan

apJalW sbe ‘ebooH

‘e uooyabooH

waagquaJdeA| i H

uapsnay

‘gosoquaboldeH

14 40A | 2H

azaoH

yosasH

sdey

uaJdeey

ASE-LTHUETY:ST

aAeJD

apJd109

‘8z119

ualian

yasy

HDADYPU) I
fasJa3l dN

!Wu

-%

ualy

Ritjediaiuny oJdd



-268-

69

001 ° . . . .
i 0oL -
. 0oL - . . . .
. col * . .

. aoL - . . . .

‘ 001
i ooL ¢ - i ‘ i

. ooL .
. coL - . . . .
. oaL * . . . .
. 0oL . . . .
. ooL . . . .

. 0oL - . . . .
. ooL * . . . .
. oL - . . . .
. aoL - . . . .
* 0oL - - - - ‘
i 010 ] R ‘ ’ : :
. o0t * . . . .

410 ] R

‘ 0oL

09 i : : o
: ooL - : : : '
. : ooL * . . .
. ooL - . . . .

. gL .
. 0oL . . . .

: 0¢ 08 -

. ooL * . . . .
. oaL * . . . .

ooL ° . . . .
. 0oL * . . . .

89 [9 99 69 49 £9 09
$12143251Q

Fioaduieals
1JadMsuUaAdLs
u1o1s
yasqneds
uaveua (g
pJElIYIG
Sasqual 11po 2UiS
pinJigaag 1u:isg
prasladutg
wnuaaas
PlaAulyos
USuU | Yoy
1J48WWI YOG
Baaqseaeyos
uaJlaiscoy

| 8660y

pUCW. 30y
J|oyJalsod
Hoas8QsJ 10

seel ‘ayo
‘B2 3yalqgo
Yany

¥ oagJ 00N
IpeIsMnaly
uabeyuasmna
Jdoal

1.4a8Ml dpak
uaa | 2hJalsuny
‘B'O MOOW
140J3U0K
Jaayk

12l 1eW
Hoaaq | axJdal
YOSOGQUINJIBH "MOI |8l
U3S5J 9l
WNSSUBM-O[J 33
L2 ed DL ey

14D 1SS eey
aaJdqseey
IYDEJ QS ERK
auul]
yalaqu)n
uau | | ¥
|9ss9Y
SpEJINJ OY
yaaqer

18suny

11

Alljedidluny oJad

69

{penusiuon) Z'g 9i1qey

89

99

134

"9

£g

09

539142810

Buaaqs inH
15J0H

UJOH

¥a0J qsUaoH
uasAnylAsH
uaiday
uap|aH
ua|JasH
‘B'D {@8H
uaiseH
uad|ng
1sJd0AU20QNJID
ploASUGJY
D 1 QUAABID
wayledn

2| |nag
dauuan
uaaian
uapsliy
uaAsoysabiig
001513
1403
‘iaipe)d
apung
wnssunJag
uaz inyyaoug

uJaog

zqoyoog

aped jabuig

uabaiag

alr(qsa) ‘buag
ua | awayg

plajiiad

|asaag

Haoy

uapbaog

waxaeg

uap|ap ‘Uasudy
apeJuslsy

pue|asZ

Waaqsbu) jaa1p
1oybap

uapn

iaJd awog
121sabks @)y W=3u!g
1apufiyog

»l1eyos

J 23y

gN

Artjediouny oJdd



-269-

69

{panusiuos) g2°'9 ai1gel

001
001
001

ool

001
oot
00t
001
0oL

001
L9

99

ooL - )

0s '

9 £9 09
§101J43510

apedspueulIM

a4 TIM

wajliM

WassoM

JJaaM

| BEPUIJZO0A
doapoia

FyeJusp

O UaA
WayInoy=banquoy | BA
S| EBA

puowsn
ualesisa|n

SWJOM J9A0 YIBAfN
uJ oyt

us|abal

usll | BAS

usJa1snNg

L

A11jediotuny oudg



-270-

L6hSkhL hLlagee wawom 28Ihte [1898E£2 L60EONE

1941
€081
0259
ehh9

c09¢
2EE
<0f
Leg
g1

2f
cot

aN

60L2Lh

LOO6L
G99tk
heldd
LBEBL
££691
L1682
£648%
heELLt
09e6tL
de9he
G10€9
68¢61
t66cE
£e0L

aG8llL
q9hee

H989LL

9thLe
4212¢
gtite
84168
488492
geant

21464l

0269
60662
g48LY
6L052
Z£08
6£991
gELY
Lhiee

€ELR02

etLha
69e¢1L
9oLl
Qzitrl
shEfL
e68

Lttee

17nd

ogaLhe

0ElY
allf
FANA
£89.
9289
HeES
cils
€GLE
0824
waol
L2801
G611
049
ctie
hi6
UEUE

09241l

L9
LoLe
06le
02ty
OLGL
268

S0LG

glEl
6EL
0681
£ie
Lit
SLe
L&
£na

GlELL

lae
il
Lel
g8l
ooLlL
gLE
6758

SEOOM

19911

Gl
h6E
£82
tEE
Leh
0501
G021
h9sG
G69
168
602
g4l
gel
0Lt
XA
alie

6LEGT

clile
Shaee
0042
582
046h
19e4

6héle

peg

6961
6602
otle
£fle
Ze9¢
enal
ht9g

6lhee

EGLL
0eegl
92!
104G
529
09
161

H3LVM

h60.4

0g8Le
w98e
cgha
LOOG
8292
62¢2
96L1LL
o6lLt
lele
£662
2099
L6Ge
BOES
£eel
gLee
9904

ihhhl

Lib

ehal
9992
gEih
afthe
gL0¢e

0884l

gENL
cafe
<hie
009¢
Le9e
LLGL
G6¢

L191

hLZeh

0164
£9ae
L6602
8801
LOZL
glel
2294

Nvdun

uoi3eEN |B30]

HEE0LG spue|ybiy Iseayinog
L980¢ A9N0ad €1
gLene TIWWOGN 2L
£i0/E TAWWOOM LL
82iEE TIAWWCOW 04
9g81LE TAWWOad 69
66904 DHNEW I TH 89
288il) SHNEW IS L9
tGLEL GNOWY30% 99
2hG9e SSVYYWOIIH 49
6098t 133430 H9
16888 ¥y £9
64L4E MLINYMSYW 29
6662t JINVMSYH 19
sl WSYVYWI3d 09
Gilee IYVYMSYVYW 86
gaahy HJS0AGN3g 94

higheZ yinog ® juegesg-1SoM

hiLilhy NIMNOHOS L1
8E869 Wo0Z 91
8662t IVON3IS0Y &L
96426 AUYH ©l
leont Hs08S5319 #©§
LhELh dIIAQNTOH LS

6L0GLZ YIJON B SJdary abuen

00801 NSVYVYWOI3d 64
g169¢ aMnL3g L4
gEL0G ayvM13IL 9%
04.0¢ HyMsY1gvY €4
LN TS 1034ay0a g4
02861 aNoWIS1 0%
qG2hel 334309 &h
9i69¢ INYOOA 8h
Zh8t0E JYIBAIN pUBR ISSAPIK
61982 aN¥14730 if
£E69L GN¥I13138 9%
qG2h4l1 HYMdW YA Gh
Leggl H¥MA 10T hkr
gziel N3IQHI0OM £h
wagLl Nr1da13a eu
9€96¢ NI PHWOYA LY
aAvioL 121415t4Q
tey)

2291 LLEfL
ogl 0D&LL
oha 60149
849N hesoh L
1901 QEEH
£on 2L19
q62l 16944
88l al91
0ih 66£02
169 Ligle
044 22181
LLt6L  has08t
Octll 65ELG
199 ghl19e
FATA c0E9h
€02 G6E9
tel ghge
g8¢e 9ggege
091 glLesal
L£8 266044
g9¢ 0L694G
161 L£884
w8 0986t
Q 2061Lh
c8a 45018
0 heEns
0 8L691
Q 24hEE
0 £0204
0 404hE
0 ainee
6hl2E @Lh659
529t L9E£9E
éete feleh
0 1769¢€
0 clgeh
0 et
0 hegah
rans 9L156¢
ing h602e
L6211 1001t
4€8) 84ELY
£88¢ £E26hL
2661 0i8l4e
anN 1o

SYINY HIHLO aONY “HILYM

09628

£48L
£e26l
£99he
8609
6842
£L291
L429

92929

6Lt14
£E9EQ
EG6E
12e8
lelt
9166
GeLh
626t
6LE6
5692
glte

60i62

5561
hgee
£eLY9
ligt
1164
6£6
gze
ael
ke
Leh
L

ghee
SA00M

‘Nvaun YNNI A

£'8 alqelL

0i4as
Lile
886L

68641

GEGE
2g11
L9niG
gen

GEEL
LENL
6941

n9sze

20L6%
L erAl
199
wOE
gle
2l9
668

2989

9901
Gal9
L9Z
LEE
098
ch9
L9l
£L9
SL01L
hes
hes

LIGED

LOEE
anle
Lihe
626
eEnLl
clblLl
1009
£s8l
L6l
gheolL
3804
064%58

EENR-A4

6Lt
000¢
28061

thiél

6E0L
DeE

Ldel
g0l
heRL
cliL
£9¢

Leite

a6ee
sl
9528
ihee
g0t
q19¢
gn9i

2360

Si9%h
0ige
28el
ne8e
£ghe
6184
8921
95l
191¢
406
6261

cElat

BG6L
LEQ]
Ll
£29E
9tte
hioh
G0LE
cehe
GhE
0ghe
geh
80LZL

Nv¥8YNn

8980¢ 1009 Gk
h8846G2 ANV 11SKY 6¢F
80966 ARVINrIY 8E
2ghiel pue| |CH Yl40aN
£L492 AAONYAHZN L€
hi6l ARV THLYM 9%
G8LBL YIWYIHOS &E
SLh6 NYOOH h&
HELh2 WIT1GWA3W €€
ZgLae HAWTLSHWY ZE
éLoLe HAWOHI M LE
1IhELE BMNIBA W puUE|oABtS
££2611L aNVIAITd 0F
GL06G IMNTIAMN 62
h2GEs AMNTIAMS 82
28681 AMNTIAAAS LE
0L6L WAKNYY 92
68826 IMNT3IAIN €2
hagad 93913s1't 22
188066  spuelybIH 1sesaylJoN
2ciil asriiano 2
288¢%1 13Nd3g e
£90ge M3Ad9d IHS 2
thees NYHLNIML OZ
e0eih aNv1TIvS 6L
h6228 AHLNIML 81
264he T3AKIA L1
gLOEh LAAATLAD 9L
2606 JINIHAMS 2L
22494h JiN3¥ads 1L
2et6e JALNIYAAN OL
9¢ghee y3lJoN
£48hh NOHELSYW Gl
2tL0g ¥3Q7043N WL
246824 ADHRII0A £1L
L8624 LHYMANSIM 6

£1914 JLNAYAMN 8

260¢4G a10M153IM L

GE9CH 1gWvano 9

€111E NNYASW3IT 4

fiLhil NZinHEIN %

gheee HIJWMNYT €

08861 1a714913H &

E6OLLE aNvI31d4 L

Y101 12141814



-271-

0612¢

6h0L
£8el
058EL
2891
£noe
2062
L8892

tLOEE

96862
gaenl
09ehe
LFAL
laal
£hecl
6419

9410l

280LL
9961
L9EL
the8l
GEZES
20881
6cit
99¢L
£aoLlL
1599
g98e

gsgetllL

og8n
LL9E
6heos
BG2E
G0601L
gLLE
Lein
602t
466t
L9881
488¢
0618¢

wJHALYN,

{ LWOBOL 2un|oA ‘BY SEBIY)
“SAWNTOA ONV SVIHV YIALYM F0VAHNS

SYIUY JUNLVN

Lilesl

GiLLE
ghetlL
60984
2194

29881
os88e
Gelé

Q09.9

0L98¢E
al1g1L
GE261L
0962
otee
GLEOL
6864

ah984al

aghbl
qhocglL
Ohoh

Q016

08061
Q6691
oatrh

091411t
ocene
Goeal
aL9trL

LIS YA

SL6LL
gzese
seiel
glhle
gliile
OLie6l
GZLhl
qEGHE
098h
42004
4809
0£699¢

L ARES

wmmmmm e e JWATICA--

26289

qtld
86t
4098¢
clle
<989
0ast

GING

SLhg

#90£9t
gL2L

8Lt
€949
2ElS
OLLLg
49¢e4
aLfil
69441
520¢
DESOE

430704

00gL L

ogoge
0000t
Q000
006t

000zt
Qogle

0919
@@hm

0i68inh
0hrg0L

QhehS
0591L
onhle
¢oog
098¢
02Lil

09tzg
0g0t
00081¢e

W3aZz3oe4g

n'g 8|qeL

ROOGL

18462
256
219
alG
qlai
oLLe
€61

<9hs

h992
L2Ll
LLgl
682
LTAN
oLeé
eéh

gLoEL

€041
s6ll
Lsh

0té

8l
a9l
LOh

£eal
6che
Ligl
0LLL

41906

2941
9861
TR
6861
0261
RL6L
9hEL
fiLLe
cth
98Eq
£89
60992

vLDL

"3lvM 30v4Yns

1ihg

L8l
FAN
eitly
0tE
L6
SHolL

15°73

1372

90Lt2
ogel

L42l
648
<£9
tigl
£06
241t
£9.L2
0ts
0021

H3070d

===-¥34V

ofiLg
o0t
000z

ahane
cEa

llet
OfLL
geet
00%
tht
948

£292
£4al
006¢€1L

W3Z3082

puUE(| |OH YIJON

HIONVYAZN
ONYIYLYH
EELEEL

NJOOH
A 1IT19WGEIN
YIWTLSHY
HIWDYI 1 M

SGMN|OA B pUB|OAB| 4

JNY1A3 1A
IMNTIAMN
JMNTIAMS
IMNTI3A3S

WIHNYY
IMNT3IAIN
H391380f

0t
62
82
Lz
9
£¢
e

spuetyb)y 1SE3YIJON

Asr13an0 Se
73IMY3I8 te
A339d IHS i€
NYX LHN3ML OC
aNY1IvsS 6L
IHIN3ML 8L
APNIG LI
133ANTAD 91
FINIHAMS 2l
JIN3IWA3S LI
J1NIHA3IN 01
UlJaN
AOHALSYHW &1
4307043N #t
AQHNATOA £t
LYvMISIM 6
ALNIHOMN €
GIOMLSIN L
Llakvyaio 9
NMNVMSWIT &
NZINHLIN &
HITWMNYT £
La7t413H ¢
NV 144 |
10141814



-272-

89021

12gq
L5668
ZLss
1992
leah
4608
6ERTL
0£9¢
[03:4/19
23901
0L0he
A
oh6l
24hee
0L0E
L6E9

G4EEE

oghty
6004
ohee
RBE6
6102
£E9Es

59¢it

£E6
cheg
ch98
L&8h
280¢
1962
6L E
6.49

99194

G60E
Gint
h6Ee
qotily
LLhE
61LhE
2699
0994
q19%
949602

WIUNLVN,,

560651

Geoh
0656
a14f
ahes
0866
G299l
GhESL
0948
709
00L4
ohllL
06e8
0186
ql6¢
00091
46162

0E96%

00611
otall
06ELL
0648

DSLLL
00661

L6LhLL

0£49
aL9¢l
igLoz
06991
489/
L8ROL
a089
L162¢

ghegle

8L46a1L
Gi6LL
onhol
IRV
L6811
06hg
8L9L
a096h
89EQE
G0ooosalL

VLol

mmmmm e e e JUNI0A--

aahel

LELE
0628
689¢
Lawt
59¢¢
LFATAN

886191

g2EL9
416¢
0816
i1ls
Lohe
oora
L9t
SOt
BOL6L
00009

830710d

oglet

00421
O2EtLE
0oooL

.

02¢6
000zt

06849

.

.

06021
0948
0004
0009
oyhe
0000g

09294l

00REL
0008
0999
00%L
GoRE
000¢
000¢g
aote
00061
00006

W3Z304d

{panuiiuod) f°g 2IgEL

L0LtL

£9t
QEL
Ha9
019
£Es
HeELL
<8l
€19
géh
g9
LESL
0L
oLg
gg8<
ot
92de

LE8L

gLl
6hel
£E0L
£9¢

9691
hell

1966

Gity
69L1L
LOle
0291
£19
(i ¥A
Q<9
hohe

(I AT

L9}
gLot
68¢1L
6L8
i811
196
L&6
gach
2962
oehol

VLol

d31vH IVIENS

téLL
oozt
£9¢
629
ht
ottt

£9081

LOOL
819
2401
&nl
LLOL
LLh
Lhe
gEee
2102
0249

430704

=-—-¥3I4¥

GE9 spue|4bIH 1sesyinos

‘ J9K00 €4
‘ T3WWOUN 24
* TIWHWOAM LL
: T3IWHOAW 01
! 13IWRW0G3 69
) SHAAW I TH 89
' SUNBWITS L9
' aNOWY30d 99
: SSYVYWI3Y &9
* 1334340 #9
' ¥y L9
: MLINYASYH 29
: JLINYHSYH LD
: WSVY¥HOId 09
) IVYMSYYH 89

GE9 HOS08N3G 96
9941 uJdayinog & jueqelg-1sap
Go4q N3IMNOHDS L4
- WooZ Gl
. IvaNISoY 4L
. NUVH L
qgh H508%3149 #S
009 431dNIOH L&
260¢ uJaylJaoN B sdealy abdeq
. NSYVYWOI3d 64
. IMnL3g LG
0L6 ayvyMI3IL &6
Ock yvmsylay £
052 1038049040 24
00¢ ONCQWIST! 04
el 334309 6h
000G 1L INHCOA Bh
€122 IYISJIN pue ISoMDIK
019 aNv14713a Lth
ooh anvi3110s 94
EEE YYMdW [ HA &
oL YyMY 1doT Hh
0Ll N3IAW30M Eh
0s1 NI IYa131 2n
0clL NOTHWOYY th
aef 1009 Ok
056 ANYILSKHY 6F
006E ANVINC 1Y 8€
W3Z309

||||| ————— 12141814



-273-

Hot

Wil

43H10

ng 29 hi
0 0 £
02 85 2

0 0 Le
0 0 0

L L aL
L 0 8

L L £z
L < L
6l fE it
fr < LE
0 0 0

L [ €

G g L

i & g
q EL 0
e 6¢ 9he
£l £l 67l
! Q L

0 0 %

t 0 e
{ L l

0 0 !

g Z 041
0 0 L
G 0 0

2 i 0
oL 1e G

0 L o

HMOTI4 9N93A S334L

-

=4 ooCooooro

NOWMI—= oD O oW

= o
—
—

FRRILE]

ZLe9

LLh
Ge

ge

a2l
ot

606

il
|

oh
(34
2ah

gahl

£
9L
9

£

L
el
6he
hidt
ig
46
HiG
£l

YOO3A

-

—
-

o000 O MerOoOmoOo-o N
Ll

e oMo NO DN

597n4d

L89e

hi
00
LEL
g8

924
1841
e

Ohe
£9¢

LGl
04

2L
62
0f

e
LL9
LE1
Ll
02
(i}3

1N3

6LalLe

hlel
ehgl
AR
9e

hég
hé6LL
hot

ehal

484
oL
gL
L8
€00
18¢%2

S6909

5945
ceeh
LZ9G
£4
ih
426
ehig
7168
gLt
QEldl
cclll
Bl

¥3430

06ht

£h9
5994
5468
9

0g
91
Bhih
it

L66h
68e
0]

En
09t

0gse
G2l

2949

QiGL
ihG
QERe
Ll
Qg
LEL
&hoe
oclLl
S6h
682
6h0%
£co

uvon

V1ivad 404D AHVHIHd

L 58h2

04
L&l
Zie

ot
€61
£all

LE9h
GlL9
£l
chd
£éle
£i461
L 2008
&01
Qs
£5
gL
Lt
R92
hol
62
L
056¢
LLE
S a3as
(ey)

4°9d @I19eL

T11H

oL

€LL
L9t
62

ccil

B96L6

96
6e6e
GLEL
£696
9682
5l2te
£8498t
1299

60L2Le

ho6L
QERT
INCTNA
£aEGh
£2aze
gLEY

g0Hs9o

Ghéi
9e¢cE
Rl&e
g0te
91h91
66901
hiae
Ghlil
qenqe
g6ha
08801
goat

S5vy9D

Q0LELL

6605
2alle
clLéLd
ghB6
2a6e
ceh9e
98819
6822

chhtte

60918
69%h¢%

96611
IhiGh
gl9ch
R8601

2988.L1L

2E0LL
LLEEZL
66618
1149
<0991
6LHLL
{lLesl
<09t
IENL
h8aL
GLELR
ogLe

VL0l

ayiluaJq Iviol

ap|ug

U3 U0 | O{UIBA

BnJa s puoH

paigabapiaM 1sampInZ
ugasabooy
yadsbulpaapdsaalqg
palgabpue? |eesqUBD
arsast00N pa)gafiap)oM

puejsala4 v¥LOL

uspnoM aq

uapue| )3

HEDJ ISP IMUABA
WaaJisaplamiaty
NaaLAsANDY Us=-3p1 DM
1pilg 3eH

usburuoas IVIOL

Ua)u0o | OqUIDA
HaaJISPIoOM

op| OMIBTISEM

Y28l 009
J91IIBMUALSEAM ‘pPINZ
WORJISIPAIM B BAFUID
quep|Q-pno
Jquep|Q=-MA8IN
oblaar4-3s00
WAVJIISMNOE 9| BJIIUAD
puejaboy

puEjJaISWAH

NO193H IVHALIND [ YOV



—274-

868

HIHLO

61

oD oW

681

o

-— -

[l Kol ol aVE ol

HMO4

=
—
-

— 0D

—ANENNM e Y OO Oon e
-
o

™

O =0 &8 D
—

ONO3A

gtl

53341

heol
096h
626
£lE

del
L8l

L

9

£

0
4
£EL

L1dd

v003A

o

LE6L

994
ZLL

92
LL
g2l
L1
S0h

66061

£0h
06L1L
79G¢E
5245
hia
Lg
ceEe
9¢t
62l
Loe
Qi
<6l
tel
aLl
3413

hes
989¢1L

0geLl
0201
¥
L9
L&L
L%

——Jd0hoonen o
-

—~

—.— =

—-—

OFOroQ 1IN OO or~onIooT O
-

sgIng  Lnod

H94q

B892
frl
]
ig
L
trh
65
L&

BGBEL

641
£48
1918
09he
ché
€08
gig
qf
£6¢
£Ee
qce
€2t
LR8l
60¢
0L6
682
004

6129

s02g
c9ee
04h
c8l
L5
rA!

LELER

289
L6LiL
16
9t
he
60L

Hvons

CoooQoDo O

<
o
Lr

—
= 0

éel

O Uy
[Ta]

M-‘:OOL{'\O\EOODO\O

g33as

]
o

o OCoooCOoOOowW
-
L=

WD o
U —

952
hee

TIW

{panuiiuos) g-g alqel

3Ll

hite
Let

£2eh9

n624
60ELL
QLog
HosoL
7969
lGBEL
8iLG
L1058

066012

L£2S
8189
Z8hiLe
E8BEY
G604h
900¢£1L
19812
0cER
ELER
ahh9
£elLl
94656
9190
glee
9286
L2 L
6ELLL

£5ELgl

a£686
68EHL
0589
2lete
L6662
049L

58WHD

28904

95h9e
geezl
650¢
DooLL
LBES
962t
06£4
99801

S6L092

1512
2026
G6082
0GLES
9129
ghisl
66461
£658
8124
Ln08
86001
0igLL
60L0%
GEEN
/80¢1L
0t£%6
OgztlL

m6121L2

069911
Ewite
cshy
6861
29h0¢
8468

VLol

yoadin viol

find | aansH

patqbpuez

pue|waj

pJaeema oy 1 do)

¥ 8apnQ |8ssSf| ueA paiqad
parqobap ) amuisap

uauap 3puocy aq
HEaJ15-Uf 1y swWwody

pue|Jsap|9d IVLIOL

uabawliN uea 5y
pa1gqsag-|9s8s| apnQ
saoudazyay aql1japinz
WO0oUJ BILDY M| |2pJ OON
WOOZBMN § BA

amn|aA eyl (31800

amn|ap oyl ja1sam
aMniap a1 |apJoON
pINZ~[BEM SEBK UBA pue’
pPJOON=| BEM SEEBW UBA pue’
pJ EEMI S| 3J auLog

amn1ag oyl 1a3soM
aMNlag-uappln

amnlag axl') (83500
sdawl 7

HagJaisiassy| a1 191800
Waadastassrl a1 183153M

1ass[idaa0 V101

luaMi ua pue|ies
palgabudaps us=puez
JoMay M1 AUS33S UJCOoYlalD
pai1gabaplem M1 131500
palgabaplaM HI'1jal1soM
aylip ua 1510

NOJO3Y IVHNLIND 1HOV



-275-

hgolL 8002
EEE 2L01
ieg gl
g Q
Z 0
< 4
aLt 05¢
4 S
ql gL
94 EE
qalL g02
<t 2
99 sl
ne L2
L1t Sl
€L i
he Ll
198 269
611 2
q€ 0e
Ll L
92 (11
et c
ge L
9¢ Sl
g <
gL Q
oL Zl
gL ki)
he 4
09 ec
el £
44 6EL
FAS LLZ
an LElL
Le 0

9

001

43HLO ¥MOTd

[a}]

—_

SOoOONMOD—ONoOoOoOMNm
-

AND3A

w66

L€4

gtl

o -

OO OO M
- bl

§334l

192

lig

93
Z
LGE
f

0

£
£EL
0
L2

Lindd

ahet
026l
ganlL

cal

YOO3A

2ale

9E
9E62

1

Gl
64
g91
9ih
2l

oL

LELL

g4l
60t
tef
£8E

Zie
a6h

gha

ia
RLL
LESG
Bhet
02
Ll
cle
90t
chal

sgnd

2e2l

liéLe

LEE
<

L4
LE

0
EEH
L

0
Gq0¢
L6l
LEOS
2648
{011
£Ls
gteed
£ele

g8LelL
Gl
£

9L
Lht
GE
511
oge
91
2i6l
g

1801
iee
OLe
04¢g
045
LE1
669G
6L94
2egt

Y3430

Ligal
o8

LE
61

aLe

e0g
204
ifLE
OL8H
L
062
89¢el
6891

9LslL
sl

Let
£C
5
oLt

Gl

Lig
€L
£l
4q4e
08e

hoLE

heQh
EwelL

HYoNns

12L

£gl
et

ge
g6t

lgla

oge
<
09
<h9
Q01

gt

€81l
L2

292
tee

e
00eL
6001

a33s

SO0 oOoCoORVOQOCooOC ® oOoCoOooOoOoOoODoRRl O

-
—
x

(panulluca} §'g @1qel

81904
Ll

£8956

6L1L
a6ie
ah10L
B669L
9r90L
899¢L
8884
thh
74901
1019
GEfL
Ll
£fLl
il
lgeh
LyOE

61868

Li9t
8412
G6ELS
0Lht
eLe
LO0t
telty
LhGi
£hal
6994
h966
£6681
heell
seal
ehll
0ge
£25e
2ELL
£ege

S8VYYI

216991

niesq
2699
L6LLE
D424t
L1210t
eLL9L
LO0g
geolL
90611
Lghe
LEEY
s68he
0£EsS
6082
9866
L4186

L9161

906
6i8E
GhEt
oL99
1661
hasl
ohhs
BELL
9.801L
6hlG
ch62l
L0961
9eLEl
61101
G862
oLal
ehiihl
62E4L
£668

Iviol

puelIoH "Z Y10l

pue|1sam

MasJdisua| | og

uapue jusdaayyliA
DJEBMIBSSE|G|Y
pJaeesisuaduiay
puE|aiyoss us-4tiad
uapLsoM EPNOY UEBA puERT
dooysogd

pue(ufiy

vauusp ag

DaYY B} JJBAD US 824300
pJEEM BYISPIOI ‘BYISHOOH
apuow|assl|

WassIsuUINg 25UJ QDA
2UJO0A " 1500=-Bingquazoy
ualiaayewbooaq

pue|ioH "N TvIO0L

pue|salJi-153M4 41181500
1a0bueg

pue(salJdi=15a4 HI11apinz
pquesaussasn pelgabpuey
JyoBqUEL AUTS 8D

pue jJBWBUUaY~-pINZ
pHe|Jdalauuay -pJdooN
PUE| ) OCH

Uabuida M U9 |axa}

uan 1,

ualiaayewhoocdg

pue|JaleM

puUE|Satd 4~31SBM “pJoON
adl"17z UeAa puel
puel | 8lsuy

A89US | RY

Jap|od-) Jos3Wwiawwa|aeey
Jdapjodigausabuidaip
sJoploddalp)|aisuy

NO§93Y TYHNLIND 1 YOV



-276-

hiLl9 262t 029h BOEG 6LE0E 68894 hGLfL 866L6 £92882 000Lwl HBLBS e69LL 88£19 10i0i21L hOLEL0E STIVYLIOL TVNOILYN

RGO e 9 691 09te £969 229 269 16698 B89%L1L 6911 0 L8989 LLEZL g6hh6 saapjodry I¥10L
ihh 0 0 0 0 0 0 43 810.1 O 0 0 0 Lk BEGLL puejoasid »l1japinz
oglL 0 L gl ane Z88e Lty Tt LhO2L  SEER qahe 0 961G [ TA 2094 ¢ ¥ri|aisoqQ
ie he 5 ULy 2l 80k 184 Ltk ggal EECHO hEES 0 G8ht t60/ SaE6E 49p|0d31s00pIOoN
Lely Gl hit hig ELLE 1689 4 10401 LiL6L  £9z24l W a he£os 9EGES £EGLILL Banguil vliolL
4 L f he 941 9GE L £29 Leid oLoZ £Z 0 0ie 20¢ce hERS 1404 JUOKW UBA plET
062 lh leg 629 069 Zeht 94 9ig¢e LLEG S66¢ 0€ 0 0041 7991 1L ghz0e lalteaseely @[ apJoON
L6 he ghl a1l 194 6182 L¥AT hELG GGty a8eh 6l 0 cLal 46202 hog6t BanquiT=-pJoON I 1a3saM
] £ L oh 90¢2 pez L Qlig gL2L 6964 cl 0 2e9l Ligtt 1669 Banguiq-pinz
104 LoL Ohtr €641 L1992 BIELEL  O2% gLISE 91062 O0OLest FAIrAN I Set6 99611 219082 jueqedg "N vlOlL
Ll < H ehl gt 64 Gl £97 LLG £e9 4l 0 ghe gnan £00L MAND ueA puet
ie g ha £t 291 L9 £l 68tE £14 2L9 L 0 g02 G90¢1L gegel patqablaad T 1apinZ
94 tr £2 ool LLl L&64 2h g9eta G629t £9ce £e 0 qli 0g8aege RIOEE palqabiead Y[ |apJooN
9t G oL 6L 28 9e4 e g2heg €0te 0981 oL 0 onwlLi 59902 96GEE uadway &yl )a1s00
oLL 61 1l LEh OL% cehil L€ &heg LLEL ELEL < 0 hel It ith hls6s Ciaslisy
9L 9 61 £h 69 992 L Shity ihg ahg 0 0 teg c42gl S99ihe uadway syl |8lsaM
801 Ll 116 169 g0l 68914 6 [§: 721 662 OL% 6l 0] 2l 99LLL L20s L gpaJdg uea pue’
oz €t LL 29l E6L Lg0e 6l c8te 6L6l 6hil LGt 0 a6L ghlel hetEte uapuoJBpugz ‘93samplooN
21 L frl h 06 849 9 hee L61t 265 2t 0 oeg Qgel 9ttty woez do uabiag uea puet
4 G £ s cl 2e L 219 ehi 69¢ 0 0 ag 4109 £06L TUBNSEBY
21 oL ) G 921 84E L] 8561 he0L ge9 0 o gLE clith Ol 2U3% |y UBA puel
£ g ie Ll Qg atrl 14 OHE 88t 641 q 0 94 ehit €214 1eed1sbuey eyl jelsoQ
it [ L L 00g 208 0 €L 84692 2941 L 0 £26 Q.81 2108 yaosoqsaly
L ol 9L 5 99 fihh 4 LOh c90L 05l L L U ghon 9914 jeesisBuey ayli{a1sam
BG [+ 6l £g 994 c0at GES Q19 LL98 624h Zhh G FAIrAS LA Zhole 32041 S3MpIOCN
ghg £e 6¢ £6 08lh Lint 069 4e0¢ 16694 g24i2e 051l 0 gtrLhl LERLL gLhgel pueieay VLIOL
89 £ L Ll fth9 946 <t LEL HOEGL  LOEG 0L 0 fleg 9004k cloit uaJdapuee|A-yasMnaaz 1500
6l 0 L Z Ohe 918 S aGe LEEZL  BZeh gE 0 0E91L 5692 aggee USJPUEBR|A-YISMNEDZ 1S0M
669 e g iy 0862 EEGL ane 666 66h6 268h 26 0 (RIS GBLE 6tale pue|asog-pIng
&1 I Lt & 26l 148 9l LL# hleh Z9he 6 0 8.8 gLt 19L%1L uaJdayd| eM
4 0 0 G w9l L L 081 GLLE ELhl L 0] SEOL £0¢ 1199 pue|aseg-pJ0ON
il g A Ll 8ie Litl L8t LLl GG2E geal £q 0 008t L6EL 6086 ua| oyl
0 0 0 L €L 05 LE ht 608 S6c S Q cle 88 5091 pueisdijiud Iuis
6ag £ £ 6 642 HeEL Q9L gla 1929 8992 94 0 69¢2 alil LG4t puUE|aAlnNg U USAOYIG
Y3IH10 HMOTJd 91D3A S33d1 Lindd ¥Y093A saIng Lnd VY3430  "vons a33s T 1vi S8VYHO Iviol NO193d IvHNLIND | HOV

{ponuiluoa) ¢°a aiqel



=277~

t L ot 62 06e FA 981 £89 802 044 029 FA JAN 2049 BYILBJQ TV1O0L
0 0 o 0 i} P 0l 6c 0 26 £2 €9 622 ap|luws
0 0 0 L a fl 92 0fe 0 nal HE 0% 191 U3 juo | oy UsaA
0 0 4 LL 0 G2 cH GqE1L 0 68 L8 2he 289 BnuspuoH
0 0 0 0 ¢ L 0 0 0 oge 0 heEl LG pajgebaplam 1sempinZ
0 i} 0 0 0 o Q 0 202 Q £ L 6L2 uaaAaabooy
Q o 0 0 L2 0 oL oL 824 0 L2 LL2 166 tadsBulpJiapiaaalg
tr G i Ll £ee 0 26 9i2 HGEL Q 162 2al 18962 patqaSpuez |eRJIUS)
0 L 2 2 0 0 £ £ 0 4€ i I 08 asdasJool paiqabapisM
0 f1 L 991 0 89 ZL £02E 0 689/ 82¢ L65EL  ho9ehe pue|saiJd IVLOL
o 0 L g 0 G 2L oLl 0 é8ze g2¢ Lhé6e 00LG uapnop ag
0 0 0 o} 0 0 o} 0 a 0 0 0 0 uspueyi3
0 0 0 0 4] I 0 0 0 910¢% 0 0861 L1806 58ad159p | GMUIBA
0 0 0 L 0 0z e] gLg 0 onGtL 0 0291 6059 yoouasaplamiaty
0 0 0 fo14 0 12 0 ogLt 0 €2l 0 0692 geoh »aaJ431sMnog Us-9p) BN
0 # 0 68 0 11 o 5641 0 16 0 0021 0962 Ipl)d 38H
o} 0 G 06 0 12 o1 269 0 6€¢ Lit gate th 9k uabuluosg JYi0L
0 [t} 5 ot 0 0 L 6G 0 g% 9t ghl cLe Ua1uo | OYUDDA
0 0 0 0 ] (4] 0 64 Q il 4} til 262 Neadlsp| oM
] 0 0 0 o] g LG 02 0 09 a6 08¢ 161 IPICAIBISEN
0 0 0 0 o} g 0 0 0 0 0 oL oL Y394 009
0 0 0 0 o o 0 02 0 29 0 298¢ 794 Ja)3demmdalsan ‘pinz
0 0 0 0 0 0 1] 0 0 £h 0 GaEg gL8 %¥994159pa1M a[eJdIuUI]
0 0 1} 62 c 0 0 L 0 £z 0 95 221 Iqwep|o-pno
0 0 0 0 0 0 0 0 0 o1 o Le in lquep n-M3)N
0 0 0 4] 0 4] 0 0 0 4 o] 61 "2 ab|eAt4-1500
0 0 0 tr 0 0 0 L g i 0 het 96Y Y988435MN0g BiEJIIUBD
0 o 0 g 0 0 o} 182 0 6% 0 2it £08 pueishoy
0 0 0 2L 0 9 o LG 0 4t 0 HES geh puE|Jalsuny
aNNOYD  IJ¥IYNS ANNOYD  3JOVIUNS GNNOYHD  I0v4uns ONNCHD  JADOVAHNS GNNOYD  I0v4HNS ONNOYD  30viYns Ivlol NO193Yd
=== JIYG YUY | === ====T DN YdS === ====FIVDIYY| === ===-FIUNIYdG== ====FIVDIHYI--- ———-IPHNYdS-=~

.......... JUALTIND I LYjOH === mmmmmm m—m e e e e e G QYD 1YY=~ m=memme mmemrm e e u GOy YD mmm e

(ey)

YI¥a NOJLVv3Idd1l AHYHI¥d
9'g 3148l



-278-

che

oo oOhe
—

oo e -

~— M=
o o
—

o -
—\0 -

Oy

FOoOOCO0DD I OOMRM-OOUVooOOoOOROO
-

—

ANNOYO  JOV4HAS ONNOYD  3DVIHNS
-===3TINTH4S~--
mmeeem ===~ TUNLIND S LYOH === ===~

====31Vo ¥y | ==~

a0l
Se

he
gl
£t

gah

SOoOCoOoO00

NSO
pral. <]
[N

—ooCo

cCoooQQO O

NN e

- -
MO
— &%

a8

—

2

VOoOOoOOoONS o
CooCOoOoooOWn Yy
Qooeoow

[
o
Y

hEL
26be
QL1
Zie
66
1L
oL
£
il
£l
ot
f
89
£
LEk
oGt
it

033

CoCOoMNI OO~ O rOOmMmOD
ol r—

-
o
o™

061
a8
e
6e
5
61l

FOoOQQOW o COoOXMNMNMOOMROOOODOOoOO—
—

CNONIT O

ANNOHO  I0V4¥NS ANNOHD  3OVAUNS
- ==LVO U (===~ ~===FTANIYdS==~
.......... $d0UD 11AVHY=========

: elal

hhe

£02

601

064
04
oL
0l
LOL
8

{panu3uoo)

oo
od
N

mom Soooo0O
"y e O

=

-

DDODDEOU\DDO

960t
REL

2084

9°49 8|qet

0801
age

Glla

6l4ae
66¢
00l
6E21
0g9¢
B6G

----I N IYdS--~

1999

ele
age
L9
L0t
hedy
ohg
£he
0E8eZ

hith0e

60e
0

ZhlL
109l
16t
£8/.
lee
£le
EOEL
9t9t
£08e
880¢
gLttt
Gai
0

0
Lin

74956

6162
L2t
g6t
Eltr
ohéeh
L68

QNNOYS  30Vv4UNS QNOAOHO  JIvIYNS
=em=J AV IHY -~

-1 £ | T e

OnLot

£601L
199
hee
614Gl
6901
6601
28.
Lieh

[N rAR)

LiOL
g0ES
680¢
0889
£490L
LOEL
£€q

219

glee
L6t E
£€9¢
0i64
0102t
aib6

Wil
ohel
alll

ag6te

L1295
LEE
108
£8L1
LOSLt
2£91

Iviol

14yoaain Lol

BnJ j eAnaH

palabpuez

pug|wal

pJ EEMI BN | GOT

4 3pRo 18ss°| UeA palgad
paiqabaplamuasp

usuajp apuoy 2qd
Haadig-ufiy SuwoJdy

puejsap|an Tv10L

uabaul N ues Hlry
paiqag-|9ss(| Ipnp
#ooydaiyay ayl(|apinz
WB0YJI3Iysy | apJCoN
WOOZAamN | aA

amn | aA oyl 11500

amn | ap a1 @isoM
aMn|an 241 | 8pJoDoN
PINZ-|BBM SeBl| ueAs puey
pJAOCN=| EBM SERHY UBA PUBR]
pdeBMAID | 330LW0og

amnlag aqlh) 181s8M
aMN3Iag-uappiK

amnaeg il 181500
sJaul1

Jaad1sassrl oyl 1231500
yaadislassr] ali191sapm

1assCaaAp V10L

ajuamMl us puej|es
paitgqabuaspy ua-puez
|oMaayMimuaals UICoylaln
palgabapiam Y1 191500
palgabapiad %I 1a1s8n
2yl 14 us a1s1Q

NOI19D3d



-279-

g2t 806¢
6L1
LL%
G611
0e
4
0s1
he
tee
oelL
ie
2Ls
6l
o8l
aée
i8
g4l

Ll 6098

[a¥}

SoCoOoOoCOoOORoCoDoooo O
OO

MoooOWVWANOOOOOoOMOrr o

o
ol

41

—
™~

QZht
Leh
leg
L9L
La4g
25
q gLl
9l
0
5
6f
85
§26
373
gL
S
LTAN
4 S0t
9LS

)
DoOoOoONCOoOOQOOCoOoOROIoO0 N CoOOOVOoQooOorQroCco &

-
OO OQOOOoOOOoORWOoOOoOo0 ®© CooooooooOQooOoOoo Q©
OOoOoOCOoooOIDOoONOIOQOO0 N 0O ORoooo O

CoOQOooOCoCoOoooDOoOTNQOoCOCo
COoOoCOoONNLoOrMNOoOOoOoOomMmOmm

ANNOY¥D  IOVAHNS ONNOHO  IIVIUNS ANNOYO  3IVAYNS
=== J YD YY ] - -~ —-——AIEN I HdS~~= ====Ai¥DIEH ]| =-~~
......... ~3UNLIND [ LYOH====m==== === -Z—-—--G40HD

6oty
€9¢e
o6l

SoOoOooooQooCcooooo O
o

o

St 2oLg

16t
L2
ohe
htzg
65
2L
Geilt
he R96L
6hel

SO OOOOooDoOOoOMNOoOCooO
-

GNNOHY  DVAUNS
---=ADINI 4§ ==~
ER L T T

{ panu1iluoca)

0 Goht 0
0 oL 0
0 a8t 0
0 999 0
a 5901 0
0 96 0
0 clLl 0
0 2te 0
0 G 0
0 131 0
Q hgh 0
0 0 0
0 oh 0
0 ¢ 0
0 0 0
0 g 0
0 £2 0
94 691 ote
0 0 0
0 9 0
0 Lg 0
0 0 0
0 0 0
Ll G at
&6t 0 651
Q o 0
0 LE 0
0 £cl a
0 LOE 0
0 £49 0
G ah 0
0 ikt G
0 L 0
0 0 0
0 & 0
0 2L L2
0 oL 0

ol

601
1 9%
whol

£68EC

L9
6lel
4902
£E91
ozLlL
Qrte¢
g9h61
Le2
201
68141
096
gE6t
96LL
LEH
169
L&GEL

060LE

0LES
RG6L
GEEL
Lécae
£L01
L1l
LGOoL
£0l
149
646
Li9%
LEBL
02eg
L10g
6aE
69
89EL
GEet
6182

ANNOYOD  JI¥4HNS GNNOYD  3I¥JHNS Tvliol

----3LVoIHY -~
............ -SSYHD------

3¢ 8qel

~==-3THN14dS---

pue|{oH ‘'Z 1v10L
pue|3IsaM
yaaJs1sual |og
uapuejuadsayslia
pAEEMIBSSE ]|V
pdeemsauadlay

puelelydss ua=Jj|aq
U3pJa0oM EBpPNO9 UBA pueT
dooysog

puejulry

uauUaA 2

aayME| JJRAD U2 a3JB00
pJeEM aydospJo ‘ayoisyaoH
apuow|essl|

HBBJAISUING 2SUI0OA
BUJOCA "1s0p-bunquazoy
ualiJayewboou

pue) |oH "N V10L
pUE|S@1J4=18aH YT |21500
1J48b6ueg

pug|salJdi-15am Y1 epinz
pquetBW3ISa8n pajqabpuey
1yoequesaulsasn
puEt+awWaUUIN-pInz
puE|Jawauusy =plOoN

pue] oGy

usbuidalM U3 |9x3)

uian 3,

ualtaavewboodq

pue(Jalem

PUB{SDIA {1584 "PJIOON
adl"1z uea pue
PUEB] | 235Wy

JBaws | ey

Jap|od-| JasWwJouwa|Jeey
JapiodipausabuliaaiM
sJap)oddaip)aisuy

NO 1934



—280-

€28l 6L8
0 g
0 0
0 0
0 9
0L le
Q Q
0 ie
w4 0
91 0
lel 6l
0 0
Ll 0
8 Q
5 Q
oL 0
0 0
[+ 0
le 0
0 0
Q &l
0 0
0 0
0 0
0 0
/9 0
241 0
te 0
9 0
89 0
Gl 0
h 0
ok 0
0 0
< 0

aNNO¥D  30VAUNS ONNDHD  JOV4uNS
-=-=J TN ¥dS~~-
mmmem e ===~ JUALTIND | LYOH= === ===~

---=31V9(¥yi=-=~

1819

e e

661

BOL
6454
€84

ciet

LGl
oLe
glLe
gl
289

P BN Ly
oo
— -

CONDODRTOMm m ~Oooohom
- o

Legie

g6el

¢
£9
Al

2921

84
gEw
9t
2

t69 60% 2816 gg88et
Q Ll L6l 9616
0 0 0 0

0 0L L6l mLLl
Q ah 0 <808
LiL 02 68l¢ £€ce
0 Q 06t oLe
0 02 Lig q0El
gLt 0 LLGL gh9
£4 0 FAY 69
G618 he L85% £69¢
oL 0 2T 8¢

2 0 £he il
Gl 0 646 he
£e 0 LEL 8E
Gl 0 29t w4l
h 0 00t 91
Lh 0 hle LL
:18 0 Lt céad
0 0 £9 91

0 he Gl qel
Q 0 0 6E¢€
Q 0 038 Q6

0 0 0 che
0 0 gL ihe
L 0 16l E2it
074 0 £l 6l

g 0 Ll Ll

0 0 e €

L a 0 0

Q 0 0 Q

0 0 0 Q

0 0 0 0

0 0 0 0

0 0 0 0

ANNOYS  3OVAHNS ANNOHD  ADVIUNS
=er=J VDI YY | === ====T AN | YdE =~
......... -Sd0HD ITEVHY--====m--

{panu1iuod)

2064 hiole
0 GEE
0 0

D o8
0 6se
L9 25
0 Q

0 24
0ge 0
ceht 0
208 le2
£¢ ]
61 0
(072 0
19 0
<Eg 0
2< 0
281 0
L9 0

0 0

¢ 9i2
0 L2
0 0

0 0

0 Q
g 0
0t 0
L2 0

Q 0

L 0

< 0

0 0

9 0

0 0

0 0

G669

LGL
0

o XOCOD0D
=

LEGHOY

25l9

0
£9el
6811

0zLe

c0t
w602
G601
62¢

198

0t
7LS
98¢
961
BoGL
68
haty
QL0L
62
£98
wigl
i2s
oLe
LEG
a69

6k

¢
22

nowooo

qellae

04081

Q
6E9¢
Liktl

04041

6891
£91L
0EnL
|8cg

08¢tLh

7041
Otect
<heh
ceeh
1229
ohee
6hee
GLLh
Ghe

Leht
29tz
Gli

189

Lhé

hhit

9¢E

99
a5
L8
lE
t

29
8]

oL

QNNOYD  3D¥4UNS ANNOHO  3OV4HNS TVLO0L

----31VO Y| ===

—===A NN IUdS---

- L LL D R

a'g a1q¢el

NOFLYN V1Ol

sdaplodr] VL0l

pueicAald Al )epinz
Wlite1so0
Jap|odisoopd 00N

Bunquil Iviol

14047060 UBA pUET]

13| |eASEE 24[) | apJooN
Aanqu1=-pJooN A1 1235aM
Bangui-pinz

jueqesqg "N IV1O0L

NAND ueA puel
paiqabiaag yltiapinz
polgablasq 1I'|{8psooK
uadwsy a4 {t193500
Frasliay

uadway a3l (aisam

EpaJdyg UEBA pueE’]
uapuoJbpUEZ "B1SBMPICON
waonz 4o uabuag uea pue’
JuesseeRl

eual iy uea pue’
qees1sbue] ayl' 121500
yosoqgsalg

1eel1sbue) a1 1a31saM
190UISaMpJI0ON

pue|aaz Tviol

UasapuUBBIA-LOSMANS2aZ 1S00
UDJOPUBE | A=U35MNAD7Z 1$3M
pue|asag-plnz

UaJayd|eM

pue | sAag=pJd 00N

ua|ayl

puepsdi]lyd IU)s
pue|aAlng ua uamoyag

NO 1934



-281-

' ’ * 0oL 00L 00L - * ) b . * ' ‘ Jap|odlsoopdQoN ]

oo ¢oL ooL 0oL T oo oM@yl 1MUBD1S UJoBy1B19

og 6L oL = = o Lo o petgabapiam %l a1s00

0L o0 o0 - o¢ ok Ow T o pelgabepism 31121584 AQ

el - A - - - ot oL UB1UO | OYUIBA

- . . " r r * . . . " * * Ow Oh mq._t_wﬁv:c—i_

oo S o6 oz 0 T o po1qabaptsyM 1sompinz

oo . 0z o¢ og - T o 1edsbulpaapaaralg

T S o S 0L T 02 02 palgabpuez |eeJiuay

o o oo 0oL * 08 00l 02 8AJBAJOON paigabaploM Ja

o oo oo Q0L Ot OL 06 06 3Yaai ooy

oo o oo 08 oL oL JO134BMIBISBN TPINZ

' ) ) . . ) ) ! ' GL 0Dt OF ) ' . Yaaslsapaly o] lIUa)

oo oo oo € 0z 02 puEiJ@ISWNY 4D

MOYELSVIE G4 H3QT0dIN il AOHNITOA EL  LHYMIS3IM 6 JLNIUAMN 8 uotBad |ein1INd}uby

i15392143%1Q
{1000} YrJoN :uoi1bay NMYd

. e - o e e 00L 00L 0GL uapnom ea
o o o o o o 00L Q0L OOL 881550 1 DMUBBA
o o o o o S 00l DOL OClL }02J150p 1M1 1Y
o oo Lo o gg o0z 02 =~ - g 08 09 %99435MN0g US-3D!BH
D oo o o o eoL 001 0OL T 1p(lg 19K J44
ooL oot 06 - - oL - o oo o o Ua{uo| oyuaaA
A A - 0oL 00L 0OL ° - - - o . 9B415p | OM
0oL 0oL 001 -+ - cor SRS . e . e ap | OM 935 aM
A e . e ce . 0z 0f 0% 4013 RAYIBISOH PINZ
oo oo &4 02 o0z - ¢ on 0 o oo %oet1sapaly 8lediuap
ooL 0¢ 0¢ - oL oL o oo o oo 1quep|o-pno
At 0oL 60L 001 ¢ - e - o e AQUIEP | O-M3 N
oo 0% 05 00LOQs 05 o oo o 0B19A14-1500
o o oc og o0g 0L oL oL - ¢ oo ¥8aJ3sAN0g 2| BJ4IUSD
o oo 0z 0z Gz - 0Z 02 08 09 09 - o pueaboy
o D oo o cs 0 o T g2 0f ot pue|J81suUnH 4O
GIOMLSIM L 19Wva10 9 NNVASW3I G NZINHLIN 1 ¥33WMAYT £ LOTIE13H & ONVI31Yd L uoybad |ean3|n2)aby

r51214351Q

yrJdoN :uoifoy NMvd

S1D1HIS 1A NMYd N1 SNOJO3IH IHALTADIHOY 40 JOVINIDESd
i'd 9rqet



-282-

00L 001 001
! 0t 0L
i G g

On 0L 04
&L 6L 4Gl
1sc13ang ae

00

L 08 Of
08 08

mm mm

13RY3IB HE

#3394 1HS L2

0g 0t 0L

41 0 Q2

NVMLIN3IML 02

sL.9 9
00i 06 06
0t 0¢ 0f
LOIATIAD 9L

oh ¢l <2t aL 0% O
g o0t 0f ‘ i i
’ oL 0Ot ) . .
0oL 00t QOL ‘ '

anNvy1Ivs 6l JHINIML €%

{1upD) spue|ybIy 1seaylsoN

. oL ol . . .
0oL 0oL 00L : :
i ‘ i 0t 04 OF
oL 0L a4l 49 0L OL
06 08 08 ‘ : i

0% 09 09 oL oL QL
o8 0L 0L i i i
02 049 0Of Gt 0t 0%

JINIHAMS 21 FENTYJ3as LL

Spue|yBIy ISE3YUTION

(penui3uos) L-g a|qel

IMNIO LL

15301435)1@

uo(Bsy NMvd

AINIHA3IN 01
I1S101J438 10

tvolbed NMvd

pPa1gon-tassr| apno
yaoydalyoy a1 (apinzZ
yaoyda1yoy ayl11apaco)y
sdaul 1

MaaJd1stassil ol 133500
alusM] ua pue||eg
paigabapiamM 1133500
palgabapiaM %) 181581
ayftm ue 1510

uaibad

2juUBdME UB pue||EesS
paigqabussa ua-puez
ap|1us

U1 UO| 0YUIBA
Bra s puoH

paigabaptam 1sampinz
usaasbooH
jadsbu)psapaaaelq

29

AG

184N N3 Jby

AD

pasqabpuez |EBRJIUBD JQ

uot Bau

|eany nata by



-283-

0z 02 02Z

02 Q¢ 0¢

HIONYAZN LE

ONYIAITS OF

UNYIH1IYM 9%

goL - Ooh
og - og

AMNTIAMN 62

0¢ 0f Of
or oL oOf

0oL oGL Q0L

ocL 00L 00l

00L Q0L Ot
36 §§ G

00L 00i 001

HIWYIHOS 6¢

0t 0t Of
O 0f OFf
00L 00L 00L
00L 00L 0O0L
0s 04 O1L

© 001 0%

AMNTIIAME 8

S12141S1G NMYd NI

GL 0L Ok
0L 04 0Of
¢r 0L 0F
NYOOH ht
i - Oh
: ' oL

IMNI3AIS L2

o6 06 06 - i '
ge 0g 0Of . . :
' ‘ ‘ og 0t 0fF
i ' ‘ 0 02 02
09 09 09 0ot Oh Of

a0t 00L ool
AITOHATW EE YAWTLISHY 2¢

pue||oH Y3iJON

' ' Ot 0a 045 Oi
: : i oL 0L 04

. ) v Ge 00L 02
. ' ‘ 0g 045 0%

MIHNYY 92 3IMNT3IAIN £

amn|ap pue sJaap|oduadw|assy|

{panu13uod) /-9 ajqel

0oL OCL 001
YIWOHTIM LE
1530143510
(o) Bay NMYd
0f 0f Of
08 04 0%
439713801 22

25331435t

‘uoibay NMVd

SNO193d IUNLTIND1HDY 40 I9VINIOUAd

puUE|SBIJi=15aM %I (81500

J40bueg

pue(salJdi-158M Ml1apinz

equesawysasn palgabpuey

1yoequed sl s asn

pug | JBWaUUBY =P INZ

PUE|Jausautiay -pJd 00N

uabulJdaip ua |8xal

ual1Jayeuboouag

PUBlJIDIEM

PUB|SB144-153M4 *pPJOON

adl1Z uea pue’

Japiod-) JasuWJswus |sEEH

Japlodioswiabutia)M
sJap|oddaip)aisuy HN

uoibad JeINIIN3 by

puejoaal4 yliiapinz
#rrjaisop ri
pue| 1009 HN
BnJ { aanay
parqbpuez
pue | wal In
WCDZIMN | A
amr|an 111500
aMn|op a1 1a1saM
amn|ap ol |apJaon
yaad1s1assr] ayli|aisam 89

uolbas JeINI N3Gy



~284~

HYMdW I ¥A oh

aNv11730 ik

ot oL 0Ol i ' ‘
i : ' 0% 09 09

0 0L 0L 0og 0g 0Of
0z 01 0Ol oL 4 4
' ‘ 0g 0e 02

YYMHN 14O B NIAYI0HM Etr

{1uoD) aysaJdin

Gl 4t 41 : : ’

0L 0L 0L ) ) '

) . ’ oL 0L 0L

Y ’ ' 0s 06 0%

' ) ’ 0 0% 0%

GNY13 128 9% 1009 Oh
JyoaJin

(penuiiuoo) 2°4 @|qelL

09 09 09
oL ol ot
NCI4a13T 2h
PUB 1SaMply
0L 0L oL
05 05 0§
08 08 08
0z 0z 02
00L 001 0O0L

ORVTLSHY 6¢

pue Isamplp

09 0L OL
oL G2 G2
001 00 00L
NFITUHOYY th

532141817

tuotGey NMvd

004 Q0L 00l
oL 0Ot 0Ot
0t O O
001 00L ©O0L
OGL 0QL 001
06 06 06
0f Of 0%
08 @oF og

oe 02 0<
001 00t Q0L
0g 08 O

ONYTHT 1Y 8¢
1810143510

tuo1bay NMvd

pdeeMd auaduray

ugpJ Ao BpNDH UEA pue’
apuow|assl

fini | aAnaH

paeeMray 1doT

4 apno tasspf| ueA palqag
palgobap| aMU33A
Neada5-ul 1y swwody

HZ

n

uoibad |e4n3 | No14bY

pue|1SaM

¥aasasus)||od

pue|alyoss ua-jl1ag

UBPJ 80M EPNOD UBA puel]
dooysog

puejuliy

yauuap aq
ualaaewuboadq
pue|Jaltauuay-pInz

pue| 1009

uian 3,

pue| | 315wy

Jasus | ey

Jap|od-T| J8swasuwa|JeeH
po1qabapi oMUB3A

usuap apucy ag

HZ

HN

an

uoiBad Jedni | naldby



-285~

NSVYHO3Y 6%

00L O0L 001
i 0e o2

NIMNOHIS 12

06 06 06
QoL 001 001
O On O%

auvMI3I 1L 44

©oL
©on
00L 00%
goL GOl
0z 02
Wo0Z 91
oL 0L
00t 00t
gL St

HYMSY1EY £4

: ofr  On
001 00L OF
o 0% On

IYAN3S0H 44

B1]58( UJBYINQS PUB IUEQRJE 1S59M

12340400 24

Bl a3 UJDYIJON

{panu1luoa) ;g slgel

oh Of O
o C 06
001 Q0L Q0L
08 06
oL oL oL
Hs08S318 hS

334300 6%

pUR SJAALJd JBMOT

04 0f Of
02 00L OL
05 09 09
oz o2 02
d31ONTOH 16
183014151
uo1Bay NMVd
001 02 02
02 02 02
00l 00L €Ol
0g 08 08
JNHODA 8h
T512143810
iuctfay NMvd

uadusy syl |83sapm

epaJg ueA pugl
uapuoJBpuezZ ‘23153MpJOON
wooz do uabuag usAa pue?y
BUaY )Y UeAs puet
sevdasbue] 8yl 9350
yasogsairg

3eRJ1s56UET B[ |93saM
20415 BMPI CON
pue}aiag-p!nZ

uatoyl

pue|sd)|lud IS
PUBIBAING U3 UaMOyls
DOYH E | JJDAD UB BBIB09

pJEEM 2UdSpJoQ ‘BYOSHSCH HZ

uo1bas (esninNaisby

uspue a2yl 1A
pJERMIASSE|q|Y
pleemiauadul iy
DAY E| JUBAD UD 984309
pJeBM SYOSpLOG ‘ayISHAOH
apuow|assl)|
¥22J4ASUING BSUJDOA
BUICO0A *1S00-6anguaZoy
uabowltN uea 41y
amnlag @il 191saM
amniag-uapply

sMnieg avlM) {8150

sdaul1] a9

uolBaJ |e4nN1{NoIJAEY



-286-

) i ) 06 02 02 ' . '
) 2 g D€ 0Oh Ok i i i
’ . i ’ * ) 00L 001 Q0L
T T
S
Dose s oo L

TJIKWKHOA3 69 DYNBWITW 89 JUNAWITS 19

J0NOA EL TIWWOCN 24 IIWHOAM 1L

aNOWY30d 99

: 6f  GE
i oL at
T13IWKHOOW 0L

OL O% Oh G2 0fF Of ‘
i 09 m: m: aL

. . . . . . aolL
. . . . . . cg

SSYVHOIY 49 733430 h9

L
06
ot

ie

L
06
0¢

iz

. . .

. . .

09 Oh O%

vy £9 MWSYYWIIY 0%

1530141810

{1uon) spue|ybly Isesylnos :uolbay NMvd

*** 00L 0OL 00L -
©09 09 -

. . . . . . ok
. . . . . . 0oL
. . . . . . 001

013
001
ool

0t
00t
0oL

MINYASYIW 29 JINVASYH L9 TIVVMSVVH 86

spue|ybiH 3Iseayinog

(panuiluon) 2°g ajqel

046 61 4l
S < s
09 09 09
09 @DF @m

00t 001 00t
HOS09N3a 96
is3a)41814

tuotBbay NMvd

140J2U0K UBA pUBT]

18] jeasee ayl)japiooy
Banrquil=-pJooN Y| |93158M
bunquii-pinz

paigeblaad HliapinZ
poalgebiaad I spJooN
uadway ayl1 81500
Mualey

uabauwl N Uea {1y

aN
eJ

uolfad pedni|noldaby

HAND UeA puel]
paiqablaad AMI')|apJooN
uadusy aql1 1981500
Craal)op

uadway {1 18350M
JUBYSERY

eUST |V UBA pued
reedisbue] ayl1 191500
uabawl N uea Py
PINZ-| BEBM SEEN UBA pue]
pJOON=] EBM SEEBW UBA puel
pJ BERMIS | QJBLWOYG

gN

20

uolBod |eINT N2 )d By



~287-

SPUB | A0
SpUe | MOT)
spue|MoT)
SpUe | M0

spue|yby ybsy
Spue |07
SPUE| MO

spueryb)y ybiy
SpUE | A0
spuelyBiy ybH
SPUEB M0
Spue Mo
SpuUE MO
Spue MO
SPUE MO
SPUE MO
SPUB | MO
SpUk | MO
SpuUe | MG
spuelybly ybiy
Spue | MA07
Spue|M0T]
SpUR|MADT
Spue| M0
Spue|M0T]

WY1 ANy

lead

{pues asJeos ‘pau AWEO] "wny)
pUBS 8SJECD WNipaw Aweol
{pues osJeon 'paw Auepc| “WNH)
pueEs 2%JEBOI WN)paw Aweot

pues 8sSJeod Wnlpaw Aweo

1ead

puUES 9SJEOJ WN)paw AWeo’

puES 2SJEBOI WN}paw AWeo

pues 8SJECI WN|pauw AWEOT

pues &SJE0D WwHNIpaw AWEGT

pues 8SJEDD ‘paw AWeO| "HINy
pURS 9SJBDD “pauw Aweo| "uny
Aero Ai11s

puUBES 8%J4E0D ‘paw AWEO| ‘wny
{pues asuieoD “paw Aweo| "wnH}
{pues asJseocd “paw Aweo} yb(7)
{pues 8s4e00 “pait Aweo| "unH)
{pues asseca “paw Aweo| Iyb17)
pUBS asJeo0d unipaw Aweo

1Ead

1ead

{pues asJeed “paw Aueo| “wWnH)
Aeg|o uiseg

pues a3sJECD Wnipauw AWeoT

IdAL 1084908

1ead

Aeyo aybg

pUBS 9SJEDD W paw AWEOT
weo| Aejyd Apups

pues asJeo0D wWnlpsw AwWeoT
pues asJe02 wWnjpam Aweon
Jead

pues asJeoo wnipaw Aweo’
pues asJeo0d wnipaw AWeo’
pues asJeo2 wripamw Aweo’
pues 9sJeO0D wnipamw Aweos
pues 2sJe0D ‘paw AWEO{ “unH
pues 2sJe0d ‘paul Augcy ‘wny
Rejo A3t1g

pues 2sJee2 ‘paw Aueci ‘wny
Aela 3ybi

weo

Ae1o ybB1q

weo

pues 9sJecd wn)pauw Aueo
Ae|o uiseg

3ead

Ael2 3ybBiIT

Aeto uiseqd

pues asJe0d wnlpam AWEOT

IdAl 1105 JNOZ 100d

SLOIYLS109nS 40 SNOILINIJIA T¥ILINI

2’9 21qeL

002°0
oof "0
00" 0
0007 L
o&aLa
0410
a0L" o
062°0
0sL°0
o' 0
065°0
00a-°1
002°0
008°0
00E"0
00L70
0001
00c"1
QoG "L
040°0
0L 0
OEL"0
0s1°0
0562°G
QoE“0

Ovdd

419

6c

82 NMOUBLSYH 4l

L2 HIQTI043N hlL

9<

5z

®2  ADHNIMOA €L

gl

Lt 1YVMNMSIM 6

9l

Gl 31NIHAOMN 2

fil  d10MLsIM L

£l

el igWvaio 9

LL

0L  NNvASW3IT &

6 NZINHLIN %

2 YIIWMNYT £

L 14719430 &

9

4

h

€

I

1 ONY13 1384 L

agns 10141510
UIJON uo)bay NMVd



-288-

SpPUe | A0
spuetyBly ybdiH
spue|ybiy Ao
spue|ybiy ybiH
spueiybly Ao
spuejubiy ybiy
spue)ubry mon
SpueiMcT
spuelybiy ybiy
spue|ybry Mol
SpUB MO

Spue MR

WHOJGNYT

spue|ybiy uyb1y
Spue M0
spuelybiy yb1H
spue)ybly Mo
Spue| AT
spuelybiy ybIy
spuetybly Mol
Spue| M0
spuetyBiy ubry
SpUE|MOT
spue|ybiy ybiH
spueybiy mon
spueiybly ybiIH
spue|ybry Ao
spue(ybiy yb1y
spue|ubry son
spuglybiy ybBIH
Spue | M07
spug(ybiy ubIH
spue|ybiy Aol
SpUE Mo

WH04 QN

(pues 254800 "paiw AwWeo| ‘wnH)

pues asJdead
pues asJeod
PUES B5J E0J
puUBsS 85JEBOD
pues 25.JEB0D
pUES DSJEDD

wn i paw Aueo’
wnipaw Aweo
wnipsw Aweon)
wntpaw Aweot)
wn|paw Aweos
wn i paw Aweo

{pues asJeo2 -pasw AWE0i "WNH)

pUES B5JEO0D
puES 9FJEO0D

wn{paw Aweod
un  pau Aweon

{pues asJeod "paw Aweoi ‘WNH)
{pues asJeoo ‘paw AwWeo: ‘“wnH)

pUES 2SJ4EBO0D

3dAL 1106849dns

wnipsu AweoT

{pues asJe0d ‘pauw AWeED) "wny)

puUEs 8sJEol
PUBRS 9SJROD
{pups asJeod ‘psau
pues 9sJEeQd
pues 8sJ4g00
{pues asaeos ‘pau
pues asJeod
puUES 8SJE00
pUBS JSJIEGD
pUES ASJ4EBOD
pues asJeod
pues asJEDD
pUBS 85JEBOD
pUBS 8SJEOD
pues asJeod
pUES B9SJEOD
pUBS 9SJEBOD
pues 9sJEeOD

wn ! paw Aueon
wn i paiw Aweon
Aweat ybi1)
wn i pam Aweon
wntpaw Aweo
Aweo| 14617)
wnipaw Aweo’
wn i paw Aleo
wnipsls Aueo’
wnipsy Auweo
wnipaw Aweoct
wn | paw AueoT
wnipsaw AueoT
W psw Aueo
wn | paw AweoT
un | paw Aueoc
wn ) paw AUeoT
un ) paw Auea’

gUes 9SJEOD pou Aueo| WNH

IdAL 710890S

weo| Az|9o

pues 9sJ4eo0d WN)pau
pUBS @SJEOD UNIpaw
pues 8S5JE0D wWnipsw
pURS 2SJBOD WNIpaw
PUBS 2SJ4E00 WN|paw
pues 8sJE0D wWnlpau
Ae|3

pues 2s.JROI WNIpaw
pUBS BSJBOD UN|pBW
ABjO

Ao

Apueg
Aueon
Aweo
AulBCT
Awueo
Auepan
Awreon
yb11
Auieon
Aweon
3ybi
ayb17

AdAL 1108 INOZ L00Y

puUES B5JE0QD Wt pdin
Aelo

puEs 9SJEBOD WAIPDW
pPUBS asJEBOD W | pal
pues asJeold 'pawl Aweo|
pPUES BSJEOD WN1paw
pups 3SJe0d unlpaw
pues JasJEOD ‘paw AWBO)
PUES 2SJE0D UN)paw
pURS 354000 WNpaw
pUEBS 854802 WN)paw
pUEs asJdeDd wN ! paw
pues asJeod WNYpau
puES YSJIEOD WN{pow
pUues asJend WN|pau
pUugs asJepl wni{pau
pues asJeoo WNipaw
pues asJleod WNIpaw
pueES ASJEBOD W] paw
pues 89sJeRCD Wnlpaw
pues asJEOI ‘PpoU Aweo|

aMN | DA

Aweor
Y61t
Aweon
Aweon
Y617
Aweo
Aueo
ub11
Aueo
Aueon
AueoT
Aueon
Aueon
Aweon
Adleon
Aweo
Awenn
Awenn
Aweol
Aleo]

‘wny

3dAL 7108 INOZ 100d
spue|ybI{ 1sEBYIJICN uU0IDBBY NMYd

(penu13uod) g°q slgel

000" 1
Qaog" 0
0oL’ 0
ook 0
009°0
00L°0
000
000" 1
00560
0420
04270
000" 1L

aIvid

aans

B pue|oAlid

04970
05£°0
06L°0
0420
000" L
002G
0oL 0
D0L"0
05E"0
0569°0
069°0
06E°0
05270
062°0
0al°0
05270
003790
abh "0
003°0
aoh o
0001

JVH4

0%
afr
2h
ih

aans

ANV1AI4 O¢
AMNI3IAMN 62
JMNTIAMS 82
IMN13AIS L2
HWAHNYY 92
AMNTIAIN E2
43973sri ¢
13141510
‘U0t bay NMvd
asf13ano G2
REFEEL N
M3I3dd IHS LS
Ny LNIML 02
ONVYTIVS 61
JHLINIML B
TAMNLD L1
LI3ATIAD 94
FINIHAMS 2L
JANFHAAS LL
JINIHAIN OL
12144810



-289-

spue| M0
Spue M0
Spue M0
SPUE|MDT]
Spue|MoT]
sSpue Mo
SpuUe| MO
SpUR|MO0T
SPUE|MOT
SpuR | M0
SpUEBMOT
SPUER | MOT
SpUBiMAo
spue|ybiy yb1y
SPUB MO
SpuUE MO
SpUR{MCT
SpUE (MO
SPUEB | MO
SPUE|MOT
SpuE| A0

WHOAANY

SPUB | MO
SpUE | ADT
SPUE | MO
SpUE{ M0
SpuUe|M07
SpUE| MG
SpUE| A0
SpUE| MO
SpUE MO
SpuE| MO
SpuE|MAD]

WHOJONYE

(Ae¢D usseqg)

{pues osJe00 -paw Aweo| 3I4b17)
3ead

{Ae;0 uiseq)

jeaq

{pues asJeod "paw Aweo| 2ybi7)
3ead

(pues asJUpO3 *paw AWeo| “wnH)
Jead

(Am)a R1)18)

18584

{Ae19 A1118)

{pues asJaeo0d ‘paw AWLEO) “wWnH)
pues asJeod wn|pau AweoT

JE2d

1e8d

lead

1e3d

puUBS BSJEBO)

jead

{pues 2sJ4eon ‘paw Aweo| ‘WwnH)

AdAL 110S9nNS

1e8d

{pues ssJ4e0a “pauw Aweo| 'WNH)
1ead

{pues asJe0d ‘paw AWLEO] ‘WNH)
Ae)d u)seg

1ead

1eaqd

(pues 8sJe03 ‘pow Aweo| ‘uny)
{pues 2s.e0l “paw AWeo| “WNnH)
{pues asapod “pau AWeo| “wWnH)
{pues asJaeod "paw Auec| ‘wny)

IdAL 140SHAS

Aelo A3 00L"0 a6
pues asJdeod "paw Aweo| yhiT 06270 68
Ae|1D ulseg 069°0 a8 oNv147134 Lk
Aeja A31)s o0s’0 18
Jead 00580 98 QgHV13125 9%
wea Q02 0 o8
jead 008°0 h8 HYMJWIYY Gt
Aeo 3ubi1 00870 £R
Agla urseg 00g "0 8
Ae|a uiseg 0oR"0 L8 HYMYIdOT Wh
Ies8d oo 1 08 NIAW3IOM £h
Ae|o uliseg 000" L 6 Nr1yaian n
Aela qybi ook "o 8L
pugs os.JB00 WN)psw Awec 00970 L1 HPIHWOYY Lk
1Edd 000" L 9 1009 Of
Aeja uiseq 0GE"D ar
JES4 069 °0 il ONYILSKWY 6F
Ael9 u)seg 0600 £l
puUEes asJde0c) a0 0 ol
1ea a0k 0 LL
Aejo A311s 0050 0/ GCHVINriY 8t
AdAL 1108 INDZ LOOH ovdd adans 101ylsia
TY08J A PUE 1SaMpl fuolbad NMvd
jead 0GE°0 69
Aeio K118 0%9°a 89 HIONVAZN LE
1E3d Qoo L 19 ANYIY1vM 9¢
pues 9sJ4e0D "pauw Asweo) ybi 00270 99
Ae(a u)seq 00270 49
Jead 00g "o h9
Jead 00£°0 £9  HIAWHAHIS GF
Aeja 14617 000 "1 29 NYOOH hE
Aejo b1 000"t L9 AI19WA3AW £E
Aejo Yk 000"t 09 HIWI1SHY 2€
Aeio 3ybin goo-°L 64 HIWOHIIM LE
AdAL 1105 IANCZ L00Y ovd4d gans 10141810
pite) |OH YIJON :uoibay NMvd

{penuiazucd) g9 s1qel



=290-

SpUR | M0 {pues osJeod “paw Awuea| 3Iybi7) weo’ ooo*L Ehl NIMAOHIS L1

Spue | Mo pues a8s4e0D WNiIpaw Aweos pues as4e0Oo wn)paw Awueo’ 0oL 0 2hl
SPUE | MDD {pues asJens ‘paw Aueo] ybi) weoT Q06" 0 il WO0Z 91
spueiybiy ybiy pues as4e0D wWnipaw Awueot pues as4eo0D wn)paw Aweo 069" 0 ohl
SpUE|ADT {pues 9sJe03 “paw Aus0} ubBIT) weoT 06870 681 vaN3sod 4l
spuejybiy ybiH pues ISJB0D WAIRAW ALeo) pues osJeod wun)psw AweoT 068°0 gt
spue|yhiiy Ao7g pUES BJTJEOD WnIpsw Aweon pUEes 8sJ20D wnipaw Aueo’ 041’0 LEl AUV Hi
spue| Mo {pues 2sJEed “paw Aweo| "wny) A2 14B17 00E°0 Lol
SpUE | MDY pues 2sJe0D wnipaw AwWeo’ pues 9%4e03 Wn|pau AueoT o0g "0 0oL
spug| Mot {pues 9sJeod “paw Auweo] 146)7) wueo’| ook o 66 HS04G5318 46§
SpUB | A0 {pues esaeod -paw Aweo| 2ybi) weo” ooGtl 6 dIIINTIOH L4
WYOAaNY AdAL Ti0849NS AdAL Ti0S 3NOZ 1004 Ovyd ogns L3{¥1s10
B1)ag UJBYINGS B IURgRIG-150M U0 BaY NMvd
spuelybiy yBi1y pUBRS DSJEOI WNJjpsw AUeo pues asJeca wnipaw AweoT 00l 0 ol
SPUB{M0 {pues asJdeod "paw Aweaj ‘uwny) Aeyo 3yb(n 00g°0 601 NSYVYWDIIH 64
SPUE| MO {pues 2sJeD0 “pow AWeEQ} "WNny) Aea aybi1 000" L LOL IMniLIg 146
sSpue (Mo {Re(a R1118) Ae|a uiseg 006" 0 calL
SpUE|MA0T {pues asJeod ‘pauw Aweo| ‘unH) Aela 3ub1 0050 20l QyvMIIll 64
SOBE | MDY 3eaqd lead 002’0 86
sple | Mo {Aejo A1(19) Ae|0 ulseg 0GZ2°0 16
SpUE | ADT 1ead Aelo ulseg 08%°0 g6 HYMSYIAV £4
SpPUE | MAOT {pues sasaeoa “psw Aweo(| 3Jyb)7) weo’] QOG- L G6  1034a40d 24
spue| M {purs asJue0d "paw Aweo| YB17) wWeon co0-L £6  ANOWISII 0§
SPUE | A0 {pues asaecn “pow Aweo| 3Iyb)7) weo’ 0001 26t 334309 &h
SpuB|MACT] {pues asJeon "pow Aweo| 3ybi) weo’} (Jole Ryt L6 ANYOOA 8h
WHGI ANV 3dAL 11084ANS AdAL {05 IAKROZ 1004 OvHd adans 121491810

£3 190 UJBYI4ON & SJaAailY abaed luolbay NMvd

(penuiiuoz) 8°d o(qeL



~291~

spue(ybry uybiy
spue|ybiy mo
spueiybiy ybiy
spuelyb)ry o7
spueiybiy ybiy
spueiybly yBiy
spue(ybiy o7
spue|ybly yBiH
spuetyBiy Ao
spueiybiy ybiy
spue(ybly ol
spuetybly yBin
spueiybly ybiy
spuelyfiy Mo
spue|ybiy ubiy
spugybiy mon
spue(ybly ybiy
spuglybiiy Ao
spue|ybIYy ybtiy
spue|ybiy so7
spug|ybiy ybiH
spue|ybly mo

SpuUe | 407
spue|ybly ybiH
spuetybiy mon
spueiybly ybiy

Spue|AoT
spue(ybry ybig

SPuUe|MA0T

spue|MoT]

WYOJANYT

pues asJdecd wn)psuw Awept

pues asJecd wn}ipaw Aweo’

puUBS 25JB0D WN)pad AUeo

PUES J5JEBOD WN)paw Aweo)

pues asJdeco wn)paw Areo

puBS 85.JRO3 WM paWL AwWeo’

pUBS 25JROJ WN|paw Aweo

PUBS 8%JROJI UN|pBIL AueoT

puEs 8sJeOD WUnipaw AweoT

pues 8sJeod unlpaw Aweo”

pues BsJeo3 wnipaw Aweo’
{pues asJeO0D uwnipaw Auec)
PUBS 35.JER0J MN)psw Aweo’

PUES SS5JECD WNIPawW AWEDST

pUBRS 3SJEOD WN)paw AWeaos

pues asJecd wnipauw AwWeoT

pues asJBOD WN}pauw AWeo]

pPUBS BS5J4ECD WN:pauw AweoT

pUES S5J€00 Wn|paw Aweon

pues asJe0D wnipaw Aweo’

puEs 9s4BOD WNipauw AweoT

puUEs 35JEO0D Whlpaw AwWeoT
{pues asieod "psW AWEO( ‘WnH}
pUBES a5JBOD Wnlpasw AWegT

pues asJeo0d wnipaw Adeon

puEs asJeol wn)paw Aweo
{pues osJeon “paw AWeo| "wny)
PUBS ASJROI Wn)psw Aweo’

pues 2SJBOD WNjpaw Aweol
{pues asue0D “paw Auec| ‘wnH)

JdALl 108818

{panu13ucd) g9 a|qel

pues
pues
pues
pues
pues
pues
pues
pues
pues
pLES
pues

pUes
pues
pues
pUES
pues
pues
pues
pues
pues
pues

pues
pues
PLES

pues
pues

954 B0D
asfe0d
G54 EO0D
@SJE0D
9S4 EQD
354800
a54e0d
BSJ €00
S5JEQD
asdetd
854 20d

a54e0d
aS5J4EQD
S5IR0D
984 B0D
asJJeod
d5J4 20D
954 80D
95 B0D
aSIEOD
as.d eoo

954 BOT
254 O3
254 BOD

854 00
854 E0D

wnipaw
un 1 pol
wnipaw
w | paw
Wl pat
wnipaw
wnipaw
wntpau
WN i pay
wn g pau
wn{ pau

weoa|

wnipaw
w1 paw
Wyl pat
wn | paw
w1 pow
wnipaw
wn | paw
wr | pal
wn | pad
wn 1 paw

Aelo
wn i paul
wn ¢ pau
wun | paw

Ae |0
witi paw
win i aaw

Aelo

Aweory
Aweony
Aweon
Aweon
Aweon
Aueon
Aweon
Aweo”
Aweon
Aweon
Auean

Ae|n
Aweo’
Aweor)
Aweon
Anedy
Aweo
Aweot
Aueoy
Aweot
Aleon
Ameo|
b1
Aueon
Aweon
Aueo
1ubI1
Awepon
Aweoq
3yb17

AdAL 1105 INGZ LOOH
spue|ybtH 3Iseayinoeg

0420
04270
068°0
oaL'o
Q00" L
00870
0020
06L°0
04270
008°0
0020
000" 1
D06°0
00L'0
04L°0
04¢°0
058°0
06L°0
04l°0
042°0
00g"0
Q0Z°0
005°0
008" 0
0600
000" 1
00G "1
04870
DGL 0
00570

avud

QgL

GEL I9N00 €L

hElL

£EL  TIWWOON 21

ZEL TAWHOAM L2

L€

0£t TIAWWOOW 04

621

821  73dWWOa3 69

L2l

921 24NdWIIH 89

GZ1 2UNGWITIS L9

AN

£2L ONOWMI0H 99

221

121 SSYvWIId 69

021

611 133430 %9

gLl

iiL ¥y £9

gil

Ll

Ll MLNVASYH 29

£LL

211 JINVASYH L9

LLL WSVVWOIY 09

801 TIVYMSYVYW 86

901

GOl

HOL HDS0EN3A 96

adns  19141st0
iuotbay NMvd



-292-

Lt o064l 68h 28l 9699 @2l
0 Q fi 0 0 0

0 £9 1] 21 69 0

0 0 0 0 0 0

Q gt we Ztfil  LBOh  Ig4
Q Q 0 0 0 0

0 0 0 0 0 0
at he 91 a1 gh 0

0 0 Ll Q 0 oL
0 0 0 i 4y 0
ie 0 Q 0 98 0

0 Q el 0] 0 £

) <l 28l 9 oLt 0

0 0 £EL 0 0 0

o 0 0 ih gh9 0

G 0 0 0 ¢ 0

G Q 0 Le G6L 0

¢ 0 0 Ge 501 0

a te 4 L8 65h €2
0 £6 0 GalL 854 52
0 0 0 0 0 0

0 0 G 0 0 0

0 0 0 0 Q Q

0 89 0 a9 99¢ og
Q 0 0 0 0 0

Q 0 9% 0 0 0
MO MS S33HL Linyd D3A 47104

|||||||| JUNLAND 1 LHOH Y1V NIdQwew=wa=

gLe g42el €£6F Eh9Z8 G226¢

0 0 0 0 0

a Q 0 0 0

8¢f 08 ges £4lL a

0 IXAY" Lt 8EGL ECEbH
0 0 19% [ ¥ sS4t
0 6% 0 0 0

Q 0 0 0 0

0 0 nLe L8 hal
0 gh 0 L8 0
ccl 0 0 c614q  £25¢E
0 0 pELl 0 0

84 wae 292 Zegtl 1446
0 Q 0 0092 04l
0 Q 84% fih04al OZee
¢ 0 0 q96h  Ih9
0 221 LEL £E0E9  <2LS1
o a Lt fhaE  OLel
o 00s Q9L acenrl 8Zlh
0 0L9l 0 L9ge 4Ll
0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

0 gENL 0 64l L9h2
0 0 o Q 0

1] 0 L9¢ E8ElL  hEhw
HD Ms N¥DD V3H3dD 13388

(ey)

VYiva NOJLVOIHY1/d0¥D L01415109NS

G086l 2104¢€

0 0

0 0

0 0g
hEES O

0 L9Lt
68 0

0 G

0 S6tl
6L2 ¢
196 L6619
0 (WATA
ote IRATAR
0 510k
qLE 0

0 heee
cLe 0
héel 0
91L0€ G4
£L61L 0O

0 0

0 0

¢ 0
6002 0

0 0
£EL Lhe

d033S d711W dNOD
mmmmmmmmmemmeme -G d0YD ITAVYY---m—smmmmmmemm oo

6°d ®iqel

ithel

29
qghe
99

0

FAN
611

68
BLL
LO%
£Ehe
9LZL
hhe
0

0
17

0

hige Lleaeh

0
084l
oteg
8h04
0

oo

O
™
= O

816
£22E

o]
6L9
G

——
—

0
Q04
0

Lh
e
£86
0
2961
162l
4]
(03:{139
4]
£e0n
0,49
6seh

MO MS

OOOOOQODODODOFMQQOOO
o

63069¢E

0049
000¢€ L
oGecl
L&0L
6192
£E04h
Lt90¢
BOZt
L9602
0
514691
5829
0

LELY
98t
£E8LL
Qe
ag6he
gLEh
000LL
Q009
goose
26922
00044
0noz9

avLoL

R i 102 R

6LEGRL

LGE1L ot
GLiZ 62
qLie 8¢
2984 ie
69t ge
6902 ae
£esll  te
£EhY eL
L62EL Ll
0842 oL
7926 Gl
280k fl
g00! £l
A0 A
LE0L Ll
0ghe oL
¢09¢ 6
9688L 8
826¢% L
GEE2 9
£09% G
6309 %
€004 £
gLl 2
L00kL L

IHALVYN Q9ns

IvLoL

HOHE1SVH
d307043N
AQHNIOA
LYYHMASIM

JLNIYAMN
JI0MLSIM

19W¥a10
KNVHSKWI3
NZIAHLIN

HITWMNVT
1071t413H

ONV3 144

al

-

LA T T L A -\ ]

L

121d1s14d

yldoN uo1bay NMvd



-293-

m e -TUALIND | LEOH UV

getr

oo
[at] 81}

COODOONDOoO
-

Mo

————ee==TYNLIND I LHOH ¥V

98<

F'=3

CooomMmDOoOoMm
~

MS

=
o0

—

- -

DRDDOODODDOO\OMOOOU\OOO

MS

aZE 94tl
GEL 8hé
£e 0

0 0

96 0

0 6Lt
Gl £h

0 0

0L Lt

0 0

[ 0

0 ccl
al £g
S33YL LInyd

28 ihh

Q lge

py

o
OoO0oOOVOOoCRDROI oD
™y
—

S33¥L Llinyd

o
o
o]
o
]
= M

-

FONSOOCoONO O
-

93A  9nd
NIdO-====~~-

LoolL

—oo
[l )
o

Y]

b~

OQOOOC}T\I‘“—DNDDDOOO
—

991
L5

3]
CoOQOOoOoCoOoOoOoOCwooooooooo W

93A  gIng
NIdO------~

gah 2661
161 weLl
0 0

0 0
06 0

0 L
0 ¢

0 0

0 o
Ll O

0 0

0 2L
o9 66
MO Ms
g9l Eitl
£t9 0

0 0
60E 0

0 94
g 82
0 0

0 0
99 94
6% 0

0 Q01
0l 0

0 8¢
0 0

0 0
e 0

0 eli
902 0

] LLL
itl 0

0 Wt
0 Ltg
MO Mg

LESS

162
6EOL
0
hele
0
29
0

oee
£L9
0

ihh
669

NY0D

LLEEE

645062
98t
a
619
0
84t
0
LLE
LL9
0
0Ge
L6%

VELVER

(RoFR:

GEER
0

0

66

8l

SOoOnpooc

chl

G6he  0i4 2664

Sohe O 26l4
0 0 0

0 0 gLl
0 Lt Q

0 0 261
0 oLl L8
0 0 0

G 06 64
0 QoL 0

0 Q 0

0 0 élLe
0 £E gcl

13398 434338 47 TIW 4KNOD

~-==8dOMD INGVYY=m-——=——=—— “mmmmme

62492 G9£.2 288fi G602 600hE EBLE

hLEE
0041
8214
0
66€1L
868
0
o061
£961
0
Z6hh
0
ghtl
0
8091
0

0621
0
564
0
et

NY0D

68t
ooolL
0692
0
chn
0

0
188
0is
0
28<l

0
GRE
0
09ge
0
8084
0
cELh
0
gLLG
LELVEN

héh
095
Q04
0

Q

0

0
192
0
0ae
a6t
G

0

0
LELL
0
toet
Q
LZhe

0
h69¢

LLt 0 h6g
0 0 0

0 £LE L et
18 0 0

0 802 Z2b
0 9lh G

0 0 0
8h 0 581
£2 60t 0

O 0 29t
0 o8l gg8e
£6 0 0
gL hEZ L
0 0 0

0 qlie 0
49 o] £0L
0 Lga6 962
cté 0 0

0 ha06  4sl
£19 0 0

<L 6¢t6 O

13395 40338 417 dROD

~=5d04D I19VHY

(panuijuoa) 6°g aigel

Gele Lhah 94098
tal ghhlL 092¢

0 o] gazgh

0 ing GOGEL
LgoL 0O 62401
0 FAR:) £8102
0 0 Gele

0 4] GOLL

0 0 gEAL
h6t Q 0269

0 LEL L6eh
gag LL2 0164
L2a ctl (WAIT
MO MS aviol
EEEE LR

aMn | ap B

g9ewil 1081 0E89LE
cooh 0 61982
tggL 0 BSGLEL
heot Q@ 14620¢
8] 9621 el
ko4 LBE koL
00g 0 oy

0 00e H98e
LOL wi9 G289t
£9EL O KLLR
4] 2202 L4602
G401 O heLee
0 18¢ 0£e9lL
aLE 4] hers

0 0 goge
614G 0 64321
0 £el 2c69
frLglL 0 90L61L
o 6L1 eZ6he
£EG 4] 8462l

&} 616 1912l
[¢] 0% Gehe
MO MS aviol
mmmm——GSYH) =

agans

9l99l1

G2E8E 984
GLO0L  iSG
g0s¢e 94
62961 4G
6Lhbe  HG
LOh) £G
WlLE 24
ZhLh LG
Gizhl 94
€L o
1€14 i
2Etdl  Ef
J¥NLYN

pue|oAg| 4
£96h9L

6€L01L 0%
2gla 6h
hg2Zl  8h
ha0t IA'
£CELL  Z2h
gLES Lt
6892 o
22881l 6f
£26E gt
W49 I
¢hhgel 9t
Qt66 §¢
699  yE
Zeee £E
FNAL) 2t
gcae LE
1221 E¢
helLe 2e
9294 L2
LGLE 0z
ge6etr 61l

J¥NLYN Q4ns

spue|yb1d 3sesayluaoN

VLol

ONVIATT1S
FMNTIAMN
AMNTIIAMS
IMNTIAIS

WIHNYY

IMNTIAIN
83971381

ot
6e
ge
L2
9g

£e
ea

10141510

tuo1hay NMYd

V1oL

ase13ano
134434
M33dd I HS
NVALNIML
JNVTIVS
JHLINIML
REELLY
1O3AMTAD
JLNIYAMS

J1N3HA3IS
JLNIHAIN

T+
he
Le
oe
61
gt
L
21
2L

LL
oL

1J1H1s1a

:uo) 6oy NMYd



=294-

1LE 8ghe 8011 2228 082t 6R6LE g9 6lLie gofrL 92901 h464 029 0 02etE lal 62641 8L6hLL 0L99) IWLOL

0 0 0z £e 0 0 1] 29¢ 87 299 £he St 4] hig 0 0 0 hig (03]

0 262 0 0 649 i 0 0 ¢] 0 0 0 0 0 0 0 0 Gté 68

0 8] 0 1] 0 4] 0 G ¢} 0 0 0 0 0 o qell aghLL LEwE 89 AaNvd413a if

Q oL £E 4 wig L 0 coen 36 Li6lL £l 182 0 ghi 0 0 0 geet L8

0 0 8] 0 0 0 0 0 G 0 0 0 0 0 0 969 &llh g281 g8 ONV13 135 9%

0 L9l Q 6L £0g 0 0 28 8] g2¢e £21 0 0 gL 0 cLL LL6 {01 68

0 o o 0 ] 0 0 4] 0 1] )] 0 Q 0 0 9tg ehel gL02 He  UVMdWI YA G

0 ec 4] 65¢ 0 4] W] 0 0 0 0 Q 0 0 Q £9¢ gene S6¢€1 £8

0 )] 0 0 o ] G 4] 4] 0 0 0 8] 0 0 GZfh 0682 GEElL c8

0 0 0 0 ¢l 0 0 0 0 0 0 0 0 0 0 044 g6.¢ 09glL L8 HVMMI40T hh

0 25 0¢ ti6l gg 0 4] 9 0 0 0 4] 0 0 0 9691 wB60L nzah 0g NIQHIOM R

0 L g 0153 2t 0 0 3] 04 0 4] 0 0 0 Q 0zgs Hees £9LE 6L NPIHCI3T 2%

G 4849 0 ooal  2¢ 0 0 £6 0 0 ] 0 0 £6 0 LitE 000L goL9 gL

LLE 0 £E 2t o 0 29 gLt 612 08z 0 0 0 0 J172 0 wag9 ©916 Ll KRPIHHOYA L%

0 29 FA| 84 £a LL 0 9 6fL G6 0 0 0 L2 0 668 cheidt 0806 94 1009 0%

0 84 4] 14 oL 44 0 98 96 284 962 1] 0 602 0 LetLtL 88.lt 2Ll GL

0 Q ie 0 o] 0 Q 0 0 ¥] 0 0 0 0 0 004 0006 XA il ONVILISWY 6¢F

0 4] Q 0 0 0 0 0 0 0 0 (] 0 0 0 LoLe o04e 2ecl £l

0 04t Q 0 0 QoLe 0 0 0 8 0 (] (¢l Y] 0 ¢ 0 2écl 2L

0 0o0¢g 216 0 o} 0 0 0 0 o 3] 0 [ [ 0 noLe whoglL £116 LL

0 66E 0 161 1261 LIS 0 gLtrL £02 2089 6i0h E£62 0 ctlLe 0 2956 PLINA l1g2l 0L AakvINriy 8¢

MG MsS S3341 LINYd 9D3A a71ng Mo MS RYGD  ¥3Y3D L3IAGS d033AS 4T131W dNOD Mo MS Iv101

wmmeme == JYALTIND I LEOH YIW NAdO======= =emmm—————— ~aBd0HD ANHYHY == m e — e m - mmmmm eSO YD - - -~ JYnivN Qdns 12141513
1yoadin pue 1saMpip uol sy NMYd

g¢e Hon8 £t 08l 1921 8669 Lht 1804 FAR S 949LL 208L 689 O 919¢ 662 GLLol  EELLL 000LE V101

0 0 Q 0 0 0 0 o] 0 ] a 0 0 Q0 0 0 0062 1LLE 69

0 LH L Le LA o2lL 0 62¢ o] g2al Lol 0 0 26¢ Q 1&6€ G661t afiLs 89 GIINVYHZN LE

0 Gl 0 0 qt L€ ] g Q 84 ec 0 0 e 0 gth gEihy q0h§ L9 ONY1d1VM 9F

281l 6612 LL 4] g96h2 h8ge 0 0 ehl 0 0 a [¢] 0 g1 el ELER 662¢ g9

0 Q 0 w6l 0 1] 0 0oLt 0 &LL2 t4flL 066 ¢} tha 0 risTA Zhgt 662t 59

H] 0 0 0 o) 0 0 0 0 G 0 0 a 0 4] 19¢ee 600h1 ghbir 9

0 0 0 0 G 0 0 0 0 0 0 O 8] 0 0 922 60001 ghoh €9 HIWHIHOS 4%

0 226 0 (304 GLY 09% 0 26 0 0 D a8 o] 99 0 2681 oLeh 9hil 29 NHODH tE

Q 86LE 0 £84 hLge Glit 4] eie 0t 28e Zel 9Lty 0 ceh 0 £204 L1801 hage L9 MII9WAIW £E

0 lill 0 lel £Eng 226l 0 Gotrl 89 96¢2 BEhL 96EL O 0s¢ 0 924¢ 2066 g01LE 09 HAWTLSWY 2E

R4 g0t LY 0 g6% 0k LhE #1361 L 61946 HEGH 008L O Leal L8 €Lt gCEL 9lhE 69 HIWIHIIM LE

M9 MS S33YL LIidd 93A ang M9 MS NHOD  ¥3YID 133495 dd33S d111W dNQD MO MS aviolL

|||||||| AUNLIND I LHOH HIY NIJQmmmmuwme  mmmmmmae————————— G 0Y] I TIYYV === mrmmmmmm——m—m e wem==GOYHO-~------  3JYNLVYN 0dNS 12141510

pug| tOH YlJ4oN :uolbay NMvd

{penutiuod) §°9 214EL



-295-

wemmma==dYNLTND{ LYOH YV

£08t  Lhoe
Q G

0 0

84 G
65t 0

0 £LE
eLb 0

0 £gh
0 0oL
0 0

0 otre
hee 506
MO M3
4621 alaf
84 0

9L 0
oig GLOL
0 f64
6ht 161
0 0

0 0

0 £l
0 S0h
a 1799
0 0

e 366
MO Mg

mmmmma==JUNLTAD I LYOK HIV

GLOL  269¢
oL 662
0 0

IRy 9691
Gl 0

0 oLk
173 L6L
0 0

0 L0%
il o

0] 0
gLL 689
S33YLl LINyd4

682 teee
L 0

0 énl
G4t q14f
0 L9EL
<lL 0062
8 0

0 0

0 Ene
Y 2te
0 L1E
0 0oL
0 0%¢
§3341 iI1nydd

2E9hL 8i6

g0 092
L9t 0
Ehse fLh
620L 0O
LOowL  HOL
g6t He
co9 0
a9 Q
0

£66 0
hGLE

93A
NIdO-----—-

9415 L2%

8L
0
the
0
el
0
G
Ll
o8
20ni
00f L
£E9LL

<
[at]

Qoo oooora

—
-

93A
N3dQn~-==--

Lo
MO

LTAN

Q
28
£6

CoOoCoOo oo

gehe £0ee
o gLE
0 £ig
0 0

0 LEEL
Q6L 0

0 6ELE
181 a
<t 0

0 g2l
f129 0
084Gl 62el
Mg NYOD
60LE 681
0 gth
0 0
98¢ LGS
0 o
LZ2G 9¢£4
0 0

0 0

LE 0
014 £
€8 £9L
0 0
ghe och
MS NY02

Do aamm—meis-gd0ND 3TEVHY

2926¢

tiel
hEg

£488
651
890t
1011

0
L9gL
0
OELE
£64¢

Y3430

a9961

0
614G
fritrl
0

<lLL
Y

G

6h
2202
Lga€
e1oe
Q000%

L EL-EH)

9iL61 BERL
1628 LB
0 0
Giify 90¢
998 0
2l8lL  Luh
B8LL HS
o 0
g6l 0
0 0
L9LL O
6lgh  OR9

thOtt
£hot
0

2

0

0

0 rAR
0 009
0 601
0 0

0 LOE
0 gLy
9 0

0 LALL
0 G20t

13398 da33$ 473 IW 4NOD
e —etesmaa e aGdOHD FTAVHY - - - = s s mmmemmemee

52L6

0
g89e
e
0
181
0

0

ée
Shilt
{002
6621
9682

2ol

QOooOoOoCCoooo

2oL

L ttel

0
99
hee
0
che
0

0

gl
9101
04al1
LGEL
095¢

-

SooooCQQoONSO N

1338% 40338 dT111W dNOD

(panuiiuoo) 6°g ajqel

090¢5

280¢
848
oh0E
9£99
ocol
WeSLL
£ELE
gOLEZ
L6649
2661
9008

avliol

Be0bh

841Ls
chal
18E6
6hit
6102
0ghEl
hite
hR0L
He0l
9L
LLES

JUNLIYN Qans

avioL

¢hl NIMADHOS L1

enlL

Ll WO0Z 921

ohlL

651 Tvak3ISoH &L

g¢1L

LEL HUYW K1

LOL

001

66 HS0HS319 K4

©é dIIONTOR LS
1214i814d

€7 (a0 UJBYINOoS B Jjueqedg-1S8M 1uoibay NMvd

4g6h2 24081
861 0

O 0
ehdl  Glah
0 8949
LLL 000t
0 0

0 0Es

] hotrl
0 856¢

0 Wil

0 0

he a%8
MO M3
mm—————- S8YYd == mm———

g1]ad UJBUIJaN B sJaAaly abuaen

g9E9L

269¢
28
hegal
6EHG1
2146ll
086&
£66h
9£901
2911
w99z
0
LE2Y

Wwliol

GB0Lh

g9l
969

£506
£02s
£024
REOL
2621
chia
haae
g0ee
£42¢
£60L

J4NLVYN 4Q8ns

IvioL
CLL
601 NSVYVWIIY 6%
£01 3MNi39 24
£0L
20l GY¥MI3IL 44
86
L6
96 HVMSYIaAY £4
G&  LJIHAN0O 26
£6 ONOWISr) 0%
c6 334309 61
L6 JNHOOA 8%
12141810
‘uD) Bay NMYd



-296-

G4t
GEl
Q
661

201
AN N

M9

mmmm====JUNLINI I LYOH HIV

h86e

CSoooDoOMmMOooo
—

b =4
Mmoo
[Ea]

g6l 9249
L9 el

G 0
oel GLL
0 0

Lt oG
¥3 0L

0 0

64 £0L
0 0
961 £9¢
0 0

Gh 30t
he gal
0 0
252 9L
0 0
192 bah
G 0
061 246¢
0 0

L 0

D 0

0 il
20e 14l
0 0

8L BLL
e< Gall
£g 0

0 0

G ne9
$334L linyd

L6601 60%

8te
0

168
0
hoe
9c¢t

[l e e ]
— Q o = -

o

[Ta

V.8

o

i)

-
C}DDDgOOODO:?D\QO\DO\O:PI‘-DNDMD'—DD

6884

£8t
0
09t
0
5G¢
aLe
0
08t
0
gc8
0
oL
06¢
0
ant
0
h66
0
gl
0

Q

Q
LOL
129
0
ihl
L
0

O
Ll

MO

mmmmmmmmmmmme e = eGdOH) 3TAVHY-mmmmmmm oo

L6hE

0000020000

SO~
— N
Y] sl

0
tEl
g
oel
Q
Lhe
G

0
ane
0
8
HES
15t
0

0
449
MS

alaon

Lihe 004
0 0
1662 96F
0 0
L9€ 0901
FA TA TN
0 G
ho6e 450t
0 0
6062 Ghee
0 0
hiie 8Ll
€24 Leie
Q 0
0i6 lete
0 0
t662  009%¢
0 0
168 8991
0 0
9i91 D

0 0

0 186
6568  68fL
0 0
68¢ qE8
Léh a8
£602 0O

0 0

0 frLet
NY02

glt
G
16¢
0
hO&
agl
0
1ho
0
filGe

0
6964
aLoz
G
8641
0
8clE
0
g6l
0

0

0
wi9
L&6L
0
£he
98¢t
0

0
g8

£9462 6L0Ne LhE

oy ol

COMOROCOoOOQOOIQOO~NOSOCOOoOoOQoQ
L

26

COoOCQLOOOUOOQOOOoQOoooCooOoooooooo o

0626
hoe
0
Wigd
0
aih
Lgt
0
gl
0

a
Shé
269l
0
0ie
DOY
002
cle
006
clt
2Lt
0

0
<L
bLL
0
Log
L6
0

0
298

v343D 133498 40335 dTTIH dNOD

(panuidnon) 6°9 a|qel

26eze £44591

0Ll
04a¢g
Lol
0
thel
1611
hea
ché
009
gEhlL
0
66¢
196
0

246G
0
Lt

0
468¢
0
699
0

0
0LOE
0
o5¢
L921L
0LtlL

0
0

MO

oOCOoOC

ccocooo

LOfL
622
0
€0t
0
hie
0
£6Ll
a
L0l
G
84
6611
0

0
lah
Lahg
0

959
9ahs

M5

<h9E0e

gl

091€

20R0L
2662
60121
0LLE
LEGE

6éc9
QoLf
gigl
qE92
Vit
QELZ2
1734

S91e
00%2
00601
ctle
shlte
ahiolL
0ege

048e

gehs

604621
1624
[ LTA

geeel
1401

4804
0leb

Ivliol

- mm==BGYHT = — -

662102

cg98
h6ae
catlLl
£00e
0linl
poee
hi02
0£48
hhee
51021
£00E
6lL9Le
8219
189
1418
6LLc
GLLGI
g8i9¢
L4292
€418
gice
Lifrl
h69¢
80101
f At
Octity
6ELY
626t
214l
£h04

JYNLIVYN adns

spue|ybty 3Iseayinos

avioL

ER]Tel1]

TIWWOGN
TIWWOOM

TAWWOOKW
REL L IEE

QUNGH 1 TH
QYNGWI1T1S

ANOKWY30d
SSVVKWIIY
133434
vvY

MINYASYH
JINYAHSYH

WSYYIWIIY
TYYMSYYH

HOS049N3d

£L

el
L

(13
&9

89
L9

99
a9
w9
£9

29
19

09
25

95

101¥181aG

tuoi by NMvd



~297-

o0 60 00 60 00 &0 63 O
I P P P B P P e
o Yo N. ¥- - Y- N-N- N
SOOI MO

$33¥L  1ip¥d  NI40DIA 58704
mmmmm=e == 3UNLIND | LHOH == = m e === ==

“G*'g @|gel 01 230U 88§ S| 10S UDIINIIISQRAS SI0USP SHSIJIISY ILON

0 0 0 e 0 L
g L £ Gl £ 4
0 0 0 4 0 L
0 0 0 2 0 L
0 0 0 c 0 i
0 0 0 [ 0 L
0 0 Q [ G t
0 0 0 c G L
0 i £ o1 £ G

NHOOLND ST¥I¥ID LEYVORS 1040335 104TTIW LOISNOD
B TR o B R T YL TR PR PRt

S101d SNIN1430 HO4d SLHOIIM NO!L1VOIHdI
oL'a 81qel

#Ae(d A1j18

sbues asJdeoo ‘paw Aweo| uyb(7
#PUes asdeod 'pow Aweo| “wWny
weo| Ae|o Apuesg

#AE|D UlIseg

1ead

weo

#Ae1D BT

#PUBS 35JEOI WN1paw AueoT

IdAL 710§ 3JNOZ 100d



-298-

L9456

LEe2s

0£eH
HS

9i6le

69hL

L060e
HN

26801
£EL19L
¢0z9e
LLLLh
geetlL

4080046
890k
66i4al
66000
w104
68861t
ha99
19192
S64h
LEGEE
aggace
1194
£9lce
6165
01962
EQEL
hEShL
2eql
ERLLL
6116
EhL8E
OLLY9
gEH0Q
jiALA
FARAY
L2
LGLLE
gi8l
04201
26l%
640¢1
L6566

NO 1934 40 viuv
68 QONV147130 Lt
2L ONVINrId 8f
40 31say :uolbay

NO 934 40 vidy
e9 NYOOH #E
12 MITHRJIW €€
40 188y iuobay

NOI93H 40 V3IHVY
02 3J1IN3HA3s LI
61 A1NIFHAIN 0L
1l JI10MLSIM £
Ll HNKNYASW3I3 &

iead :uolbay

KO1D3d 40 v3IYY

chl WOOZ 9L
Ol IWONISOY 4
8tl
LEL AUV hl
9t1
SEL JONDA E£L
hel

£E€L  TIWWOAN &1
el TIWWOOaM LL
LEL
0El  TTIWWOOW 04
62l
82l 13IWWOa3 69
Lel
921 OuNAWITH 89
het
£21 ONOWH3IO0H 99

L2l SSYVWOIY a9
6il 333430 h9

vy £9
MLNVASYHW 29
JINVASYH 19
WSYYWIIY 09
L NSYV¥WIIY 66

a0t HOSOAN3Id 96

pueg yinog :uoibay

206012 NOI93Y 10 VIV
WiGLL Ll NUIHWOHA Lh
c0gal 14
LELLE 96 IMNTIAMN 62
cEhEE 65
21006 6 JAMNTIIAME 82

9nRall  £5
high 26 3IMN3A3S lZ
L6t19 LS W3HNYY 92
oh62e2 9

hHeELL  Gh  AMNIIA3ZN E2
pueg |BJ3U3N uolbay

L8640¢E NOIO3H 40 VIWVY
i891tr 0§ ISr13010 G2

hahzs  8h
g0ELl  Ih 13A¥39 he
c2hag 2fr AN3I8d|HS L
g60LL  Lfr
£465% Ot
82068 6L NWIINIML 02
cllsl Bt aNvIIvS 61
SE06hF  9€
09192 4¢E JHLNIAML 8L
0Ll HE
2Els £E BELLIL{NA

pueg 1sej :uo)bay

£6.16% NOI93H 40 V3V

02662 ZF
0866 LE  1I3ATIAO 9L
2091 9z

2169 GZ  ADHNITGA EL

ga2ely t£é

0l2hE 22 JLNIYAMS 2L

2€062 12 31N3Ya3s LL

hegll gL

GeNGE L1 LYYMAS3IM 6

g9ite 91

2cbBe2 Gl FANIUAMN 8

QELEL 9

sitteL L ANy 144 1
pueg YiJoN :uo)bay

SY3HY aNv SNOISIH T¥HNLIND i 4OV

(eu)

LL"9 @121

099862 NGIODIY J0 v3IWY

haLtLl
gL04G
6829
BELEL
£6hL
L98EL
oS
L6286
téLh
ahieh
8494
helal
L0L6
Ohegde
Lhio
99hel
22L¢
6218<
Li2g4
7529
78921
BEIZL
16681
16681

flt MLNYASYH 29
86

96 HvMSYIaV £4

g8 dNv147130 LN
98 OANV1Z10S 9%
h8 HYMdWIYA G¥

L8  HYMAI4OT fh
0g NIGH30M £k
&l NfIYalin en
9L 1009 0O

fil. ONVILSWY 6¢
LL  ONVINECIY 8%

69 dIONVYHZN Lt
L9 ONVIHLIVM 9t

£9 YIWYIHIS ¢

aaniseqd 1sam :uolfiay

hal€02 NOISIY 40 VIHY

oigl

GLLGL
c6a61
69Let
£091E
690hE
£L99%

og
6l
g2 MOoYaLlSVH 4l
MN AOHNITIOA €L
L
I aNV131HS L

3JnisedylLscN doibay

19186
19189

NO193Y 40 VYIHY
GZL DYNGWITS L9
ssaa] fuolfay

e9LGEZ NOIOD3Y 40 VIV
|9tre 601 HSYYWOIH 64
DLEAL  BOL TVVYMSYYW 8G
£29LE  LDIL AMnl13g 14
018l H©0OL KDSQENIQ 94
60022 E£O0L
49222 201 Q¥vMTI3IL 44
gLas Lol
£98. Q0L Hsods31d hg
ShottL 8L HNICHWOMH Lk
t2922 6h ASri11an0 &2
200t wh AMAT3A3N £2
goGE2 ¢ HIDISTI 22
wigge L aNvIIvs 6L
Aeyn Jaaly unibay

420802 NOIH3IY 40 vIYY
89/¢2 £l NAMNOHIS L/
H9ELG Ll WO0Z 9L
OohELL  &EL IVON3SOY 6L
cLGDL 66 HS09s349 16
(FAN G6  1023dadoa &g
2GELT W6 JdIIGNTIOH L5
£61LGL €6 ONOWISr! 04
hihé 26 334309 6h
64962 L& AKNYOOA Bh
LhEe C8  HYMJWIYA _Gh

Ae|D Bag MS luojbay

LZEH6L2  NOLD3IY 40 V3uv
QOGLe L QdvMHdVYW 2L
€499 18 OaNvI13105 9R
HG69E  0f ONVINTIY 8%
anlé 89 YIONVHZN L€
GEGLZ 09 HIWILSHY ct
298¢t 6G  HIWDHAIM LE
IB826 84 AaNviIAIT4 0F
halGhr t2 YAATI04d3N hL

Jap|od M=H :uocibay

669881 NOI1D3Y 40 Wiadv

£Lae £l
Zlhtg 2l 18Wva10 ¢
86061 OL HNVYMSWII &
ZhBLL & NZIAHLIN &
Wihli9 8 HATWMNYT £
gigul 1 1071913H ¢
heho6E £ aNv¥I3 143 |
Ae|neagtlJdoN :uolbey



-299-

h5268

av1iol
496921

L0l
H089¢cE

IvioL
286481

aviol
99¢£201

aviol

AN

19186
94t91L

D3A
8LOSLL

£60.¢
2982e
£aBhh
04201

93A
06100¢

9610¢
LEBEE
ihige
clile
2L908
ghiee
69566¢
GOtLE

93A
LOGHIL
6fLie
ellih
£1492
h62g9e
ZGELE
D3A
L9916
g89l¢ée
cEnL9
hihb

D3A

qa6l

€8EL
£19

MS
8946

heELl
864
g
gge

Mg
9164

gl
769
¢lL9
£€L
LESL
oL9
oLg
9egze

M
6114
£EOt
£98
goh
9691
tall
MS
306¢
clll
wil2
029

HS

G862t

g6LL1
o6ll

Nvyaun
clEb

62Ee
i2ie
£66e
£cElL

Kvddn
geage

ho8e
28ne
L00%
ge9e
€099
L1642
g6¢e
9904

Nvadn
20L6G1L
9992
8ELh
0gLg
ahhe
gL02
N¥aYn
98.L¢
LLG
9Lhe
66¢

Nvau

v101

SURAWITS L9
ANOWY3I0Y 99

172 veed
VLol

DUNGW 1 TW 89
SSYVYHOIY 49

133430 49
WSYVYHOIY 09

QIUBA
aviol

TIWHOAN 24
AWHOAM LL
TIWKOAW QL
1IWWO0AT 69

Vv £9
MEINVASYH 29
JALNVASYH L9
HOS08N3Id 94

3J8Ws9H
YL0l
IYaN3sod S
AUYH il
39NOQ €L
H80E53id G
d31ONT0H LG
yosaguapno
aviol
NIMNOHDS LS
Wooz 91
J3H309 6f7

uabu1ssi A

GGE6GL LBGLEL
0€e8

OLEBL
£C9LE
9Lttt
L0se
LZL6

IVLOL  93A

9L2hhl tLOREL

LLERYD
29169

D3A
g6££82

IvLolL
gtgiet

oeeet
oneoe
£EBES
GshEg
geLgt
L61G

geesh
804Ee

IvLoL
atigtle

93A
Lig6le

£6La1
66992
L6602
6LLEL
SEGLL
r60H 1L
halal
LOL6

L0261
689EL

I¥10L  93A

€601 11941
Gk 8Ll
ahllL gLEe
6911 2468e
LoLZ efge
029l 009e
£L9 L2992
MS Nvdauhn
8492 jear
£041 G19%
G4l 0i8e
MS Nva4n
160L ERLOE
Lie 2e94
gatrl 6LLt
Leit caln
LL8L 9688
68e Ltheed
it heol
oL6 619¢
26h 8oL
M Nvauhn
£ELBL  LhoesE
6eh LLGL
hohe L1191
L0OQL ClLes
gL01 £92Z
68¢L L60Z
6hi 8801
0oL LosL
L9G glel
2ghe 000¢E
0249 2804l
MS Hvddn

avioL

NSYVW23d 66
IVYMSYYW 86

IMNLIT LS
gdvyMI3 1L 66
dYMSYIaY £G
12340404 2%

| o puy
Ry AT

asriiano 42
134434 4e

HIIMSIBIUI M
pL AL

N ITHWOWY Ly
1009 Ot
IMNTIAMN 62
IMNTIAMG 82
IMNTIAIS L2
W3HKYY 92
AMNTIASN EZ
g43973s81 &2

1119 &0
avILoL

ONOWISIME 04
INUOOA 8f
aNv147130 Lh
aNvi13138 9t
HyMdW 1YY Gh
HYMA 1407 fih
NIA43I0M th
Nridgia eu
ANYILSHY 6E
ANYINT 1Y BE

Al Ap) eeN

SNOILVLS YIHEVIM 01 S123141S1J 40 LNIWNOiSSY

2l'a aiqeL

L0G91G 2E4aaly

cehae
61946
JLEER
G6i5L
htice
0066¢
ohe6t
thioh
86148
q08Lh

V1ol  93A

£28461

006i T
1gBE6
welah

Y101 93A

118681

L1051
ha29

9t2E9
6911

L0G0e
sfalLe
29881

avLCL  93A

69186¢

FA N AT
60Ein
06924
LLLLY
G264t
heLet
ehgllL
hihi9

Iv10l  93A

£69G0E
9i8%l

616192

aviolL  93A

(ey)svIdv (93A) OGNV 03H3IA0D NO1LVIIDIA ANV (MS) HILVM 30v4¥ns ‘{MS) Nvgun

186481

006241

LegqLée

sahale

92091

LGt

0té

2821l
SotiL
LOh

££4l
2941
itk
GEYe
irzl

M5
G009

0%l
7992
9861

Ms
HEEEL

1862
246
A
GlG
54461
0LLe
€6l

Mg
LEEDL

oLLlL
6861
Oeht
hl61
IRl
hlLle
cth

98£S

MS
LA TAN ]

£89
60921

Ms

6héte

<88l
0682
gghe
a184
g9t
296l
8561
6ifl
L91E
Q042

Nvaun
cheth

041l
66ée
LEg

Nvaun
EL6L

601
02e

iéel
ghitl
heEgl
2Lt
£5e

Nvgdin
LOECE

6261
£e9t
9tEE
WiOh
coLe
genhe
oht

Qghe

Nvgidn
gnleL

BEH
g0L21L

Nvd4f

avLol

A339d IHS L&
N¥X LN3ML 02
aNv1IvsS 6L
JHLIN3ML 8L

TIMNIC LL
LI3ATTAO 9L
NOHELSYH 4L
AOHNITOA €L
JLNIHAMS €L
JiN3I¥A3s 1L

1J eRASWAP3Q]
Iviol

QUvMIUYIH 81
ONYIAITDd DE
4307043N f1L

peisk)al
VY101

GIINVAZN LE
ANVTHLYM §€
HIWHIHIS 4E

N¥OOH RhE
AIT8HAIW EE
HIWTLSKHY 2%
YIWOHIIM LE

"H'N UJo0H
av104

JINIYG3AN DL
LyvHASIH
JAINIHOMN
QT10M1S3M
18Wvai0
NN¥XSW33
NZINHLIN
HITWMNYT

Lap i e Rt el ol o e}

ap|aj
VLol

1071913H €
aN¥I318d L

uapJd eMnaan



-300-

Appendix C
LOWLANDS UNDERGROUND WATER AS A PHYSICOCHEMICAL SYSTEM

by J. C. De Haven

C.1. INTRODUCTION

As mentioned in Chap. 7, DISTAG may underestimate drainage in the
lowlands, because its calculations are based on Darcy's law using only
gravitational head differences. In this appendix, we wish to draw
attention, more explicitly than in the past, to a possible alternative
sink for fresh water in the Netherlands. This possible loss of fresh
water does not appear to be accounted for in the water balance analyses
for the Netherlands that I have seen. In particular, I believe that
there may be a significant, dynamic flux of fresh water across the
underground freshwater/saltwater boundary, driven by large
physicochemical forces. The upper water layer cycles out to sea on top
of the lower, more concentrated saltwater layer which is also
continuously renewed from the sea and moves inland. These dynamic
processes, ultimately involving underground movement of fresh water to
the sea, should contribute significantly to the steady state
hydrelogical situation of the lowlands. Inasmuch as the lowlands are
hydrologically connected with the higher lands, uncounted water loss in
the former should be reflected in uncounted percolation from the latter
areas.

Present models of freshwater/saltwater interactions in cocastal regions
will be briefly reviewed along with some of their inherent assumptions
which may have caused this infiltration water loss to be underestimated
in the lowlands areas. An attempt is made to evaluate the effects of
the postulated osmotic phenomena on the predicted magnitude of this
freshwater movement. Tentative results indicate that the net downward
freshwater flux in the lowlands may be over thirty times as large as
that computed from conventional physical head differences.

€.2. MODELS AND ASSUMPTIONS ABOUT FRESH-SALT INTERACTIONS IN COASTAL
AREAS

As might be expected, the first investigator to formalize coastal water
relations was a Dutchman, Badon-Ghyben, in 1889. This was followed
shortly later by the treatment of the German, Herzberg. Currently
applied models are dynamic extensions of these studies. Water flows are
assumed to be steady and two-dimensional, and to obey Darcy's law that
stipulates that the velocity of flow is proportional to the potential
gradient in the flow direction. Boundaries between fresh and salt water
are assumed to be impenetrable, and the forcing potential is assumed to
be hydrolegic pressure. The several underlying water pools--brackish
and saltwater--are assumed to be stagnant with respect to exchanges with
each other and with the sea, though their boundaries with each other and
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with fresh water may move one way or another in response to hydrologic
pressure changes [C.1-C.5]. As may be expected from these
assumptions, medels incorporating them would predict essentially zero
underground percolation loss of fresh water to the sea in the
lowlands.!?

Models incorporating these assumptions may yield qualitatively
acceptable predictions of freshwater movements in cecastal regions where
the land elevations are high with respect to sea level, and where,
therefore, hydrological pressure heads are impertant driving potentials.
It is questionable, however, if such models may not seriously
underpredict freshwater infiltration and subsequent flow to the sea in
lowlands delta regions such as exist in much of the Netherlands. An
attempt will be made here to indicate how these assumpticns may need to
be modified to more correctly predict freshwater flow in these latter
circumstances. The modified assumptions involve complex physicochemical
phencmena whose implications for hydrology are just beginning to be
recognized.

An important reason why the questionable assumptions mentioned above
have been employed is that no satisfactory models incorporating these
more complex phenomena have vet been constructed. An attempt will be
made in this appendix to describe these complexities as they may affect
water losses for the lowlands and to use best available data to make
estimates as to the magnitude of the corrections that should be applied
to infiltration losses in water balance calculations.

G.3. BSOME PHENOMENA THAT SHOULD BE TAKEN INTO ACCOUNT IN COMPUTING
WATER BALANCES

In computing water balances of lowlands areas, inland from the seas,
Dutch hydrologists have properly attempted to compute the total flows
into each separate area from hydrologically upstream areas, and net
flows out of the areas in terms of surface and underground flows,
withdrawals, net precipitation, and infiltration of water from upper to
lower zones (e.g., Ref. C.6). Computation of this latter infiltration
amount, as presently accomplished, may be subject to an error that
could have a significant influence on water balance determinations.

The possible sources of this error will be explored here.

In areas for which water balances are to be determined, a number of
bore holes of different depths are constructed to measure physical
water heights and to take undisturbed sediment samples for laboratory
determination of vertical resistance to water movement. This vertical
resistance factor is also computed indirectly by the residual water
flow reguired for ebtaining balance. It is assumed here that factors
determining the other water flows are betier known (e.g., horizontal
underground flows through test-well measurements). However resistance
is determined, vertical water flow is computed as

v, = Ah/c (1)
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where v, is vertical flow in meters per day, Ah is the measured

difference in heights of water in steel-lined bore holes having inlet
slots at different depths (m - NAP), and ¢ is resistance (in days).
Volume of flow is determined by multiplying v, by the appropriate

hydrelogic area. In lowlands areas an unusual phenomenon appears in that
the water levels in the test tubes extending to great depths may be
close to or higher than the water levels in tubes extending a shorter
distance into water-bearing strata. As a consequence, vertical
infiltration computed from Eq. (1) is very small or even upward in flow
(seepage}. A conventional explanation for these high water levels from
deep tubes is that they reflect high hydraulic pressures from distant,
higher land and aquifers that are separated horizontally and
continuously by impenetrable layers from the upper aquifers and phreatic
water. An alternative explanation, developed here, is that these high
tube water levels reflect interference with the complex osmotic phenocmena
of the measuring bore tube. As a result of these phenomena, the
undisturbed and effective water heads are much different from those
currently measured between the underlying fresh and deeper brackish
water. Thus, a moch larger effective Ah must be used to compute the
actual vertical water leakage downward. The Ah must reflect both the
physical difference in water potential and the chemical water potential
difference between the upper and lower layers. The latter potential
operates by reason of the semipermeable nature of the sedimented aquifer
soils and the difference in the chemical potential of water between
relatively low-salinity upper layers and high-salinity lower layers.
Drilling test holes through the sedimented aquifer structure
short-circuits one basis for the osmotic phenomena, the semipermeable
membrane, and allows water height to reflect only the small Ah
represented by physical forces.

Generally, the semipermeable nature of sedimented aquifer structures is
not taken into account in studies of hydrodynamic dispersion (e.g., Bear
in Ref. €.7). Semipermeable means that the membrane or other structure
is more permeable to water than to other substances such as electrolytes
or organic substances., In fact, measurement methods conventionally used
to study hydrodynamic movements in aquifers are such that these chemical
influences on water movements will not be sensed. The incorrectly low
water potential difference measured by test bore holes has already been
mentioned. Other misleading measuring devices are the use of dissolved
electrolytes or organic dyes as tracers to measure water flow in soils
and aquifers. These substances are not true tracers of water movement,
but will yield low results because, in comparison with water, they are
selectively retained on the soil and sediment structures. An adequate
tracer of water flow must be very water-like in chemical nature.

Tracers such as deuteria or tritia may fit this requirement. There may
be others.

In laboratory model studies of interactions between fresh and salt
waters in aquifers, care must be taken that the porous medium used is
not an inert material like washed quartz [C.8], but materials at least
treated to reflect the semipermeable nature of the in situ sediments.
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Also, in these studies, purified water must not be used, but, rather,
water having the complete chemical nature of the raw water is necessary.
The need for these characteristics will become clear from a description.
of sediment-like semipermeable membranes in the following section.

C.4. THE SEMIPERMEABLE NATURE OF SEDIMENTS

The implications of sediments as semipermeable membranes were first
impressed on the present author by papers on so-called dynamically
formed membranes used for hyperfiltration or reverse osmosis. In these
processes, fresh waters may be produced by forcing solutions, even sea
water, through semipermeable membranes at high pressures.? The
dissolved substances remain on the solution side, and fresh water appears
on the other side of the membrane. Highly successful membranes for this
purpose have been made from porous tubes of highly inert substances such
as sintered glass or porcelain. These inert tubes are treated with very
small amounts of one or a combination of substances such as iron or
aluminum hydrous oxides, clays, humic acid, and other organic compounds
[C.9], to develop their highly successful semipermeable

characteristics. In practice, these doctoring substances are added to
the input water flows, and the membranes become self-healing. The
resemblance of these dynamic semipermeable membranes to the natural,
unconsolidated sediments of aquifers is remarkable. One should note
that the natural waters flowing through these structures contain hydrous
metal oxides, humic acids, clays, and organic compounds, all substances
found by experience to be effective in maintaining semipermeability.?®

The detailed mechanisms of these membranes operating to separate water
and dissolved substances under potential differences is not known. They
are not simple sieving mechanisms because the pore diameters of useful
membranes are much larger than the diameters of the dissolved substances
that are retained. It is believed that processes such as selective
adsorption or repulsion within the membrane pores, as well as chemical
activity differences caused by high pressure gradients, are involved in
the separation of water and dissolved substances.

The phenomena involved may be more apparent if one considers an inverted
glass U-tube with the ends sealed, containing in one leg concentrated
salt solution and in the other an equal amount of dilute salt sclution.
Bridging the two sclutions in the tube is saturated water vapor.
Temperature is everywhere equal and maintained so by heat transfer with
the environment. This system is, of course, highly out of equilibrium
because the escaping tendency (or almost equivalently the vapor
pressure, or the activity) of water in the dilute solution is higher
than that of the concentrated solution. This system will attempt to
reach equilibrium by means of water evaporating from the dilute solution
and moving through the vapor phase of the semipermeable membrane to
condense in the concentrated solution. Ultimately, at equilibrium, both
solutions will be at equal concentration, but the formerly concentrated
side will have increased in volume as the result of water movement teo it
from the now smaller, dilute side.
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Consider now the effects of relaxing the equal temperature constraint
in this conceptual U-tube system. Imagine that the temperature of the
originally more concentrated solution side is maintained at a somewhat
higher level than the dilute side. What now is the effect upon

the differential chemical potentials of water in the two sides and on
the direction of water flow? Rather amazingly. the escaping tendency
of water is very sensitive to small differences in temperature. For
example, if our two solutions have concentrations of 5000 ppm and 200
ppm Cl- at equal temperatures, the driving water potential frem the
dilute to the more concentrated solution will be about 7.20
atmospheres (74.4 m water height). If, however, the temperature of
the concentrated solution is held one degree centigrade hotter than
the dilute solution, then the water-driving potential will be reversed
and the net water potential in the direction of the dilute solution
will be approximately 100 atm - 7.20 atm = 92.8 atm (960 m water
height).* The dilute solution will now increase in size as water
moves to it from the concentrated solution. The new steady state will
occur when the latter solution becomes very concentrated (128,000 ppm
sodium chloride).

It will be recalled that without input of energy, in both the inverted
U-tube and in the real hydrologic system, the several gradients and
net water flows would come to equilibrium with zero net water flows
and no concentration or temperature gradients. The energy to drive
the real hydrologic system and maintain it in disequilibrium comes
ultimately, of course, from the sun through its chemical unmixing of
salt and water in evaporating sea water, and the subsequent
precipitation of fresh water on the land surface.

In the uniform temperature inverted U-tube, steady state could be
maintained by continuously introducing fresh water to the dilute side
and removing brackish water from the other leg. The continuous
introduction of fresh water by percolaticn is an cbviocus characteristic
of the natural system. Not sc cbvicus is the apparently complex
circulation of brackish and more concentrated salt water that appears to
occur at higher and lower depths in lowlands near the sea. Physical
model results [C.8] and direct observation [C.10] indicate that the
upper less-salty water flows outward to the sea on top of a more salty
lens that intrudes landward from the sea. The initial intrusion from
the sea appears to be mediated by tidal action. Unless the salty
intrusion is greatly reinforced by the described osmotic forces, the
intrusion distance would be short.

The U-tube physical model becomes more realistic if the tube is firmly
packed with aquifer sediment over its entire length. Fresh water still
enters in one leg and salt water exits from the other. The sediment is
wetted and water moves from one leg to the other. The packed sediment
is not as perfect a semipermeable membrane as is the previous water
vapor phase. Some salt will begin to move from the concentrated
solution side toward the dilute leg, even in the uniform temperature
case. However, the salt moves more slowly than does the water in the
cpposite direction. There is cross coupling between the water and salt
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flows so that at steady state there will be a constant band of
decreasing salt concentration rising above the concentrated solution
within the sediment, as well as a constant net flow of fresh water to
the saltier leg.

Nonuniform temperatures, with the concentrated side being hotter, should
importantly alter this pattern. Now, the net flow of water is reversed.
This reversal should positively couple the salt and water movement in
the same direction so that the salt-concentration gradient should

widen and rise. Flow-out of the saltier leg should be reduced, and
water levels should rise in the fresh side. In the real lowlands, the
tendency toward such a change of states should be cbservable between
summer and winter. The deeper waters tend to change less in
temperature with seasons than does the near-surface water. Thus, in
winter, the deep water may be somewhat warmer than surface water. As
described above, this should result in a decrease or reversal in net
vertical water flow, reduced underground flow out of the hydrologic
unit, a rise in salt concentration in lower waters, and a widening of
the underground concentration gradient band. As a result of these
phenomena, increased pumping should be required in polders in winter.
This increased pumping requirement should be above the additional

water present in the winter because of the reduced evapotranspiration
lesses.

Equation (1), above, which defines vertical seepage, must be modified to
account for the effects of the additional groundwater potential

gradients described. A possible modification is as follows:

vy = (8 + Ah_ + #h)/c

where v and c are as previously defined, and

&hg = conventional hydraulic potential difference due to gravity

bHC = water potential difference due to concentraticn (salinity)
difference

ﬁht = water potential difference due to temperature difference.

Because these potentials are algebraically additive, care must be
taken to see that signs for the several Ah are consistent. In Ref.
C.6 where Eq. (1) is presented, the convention is that Ah is the
difference in water height below sea level. Here Ah is positive
{and Ve is positive downward) when the lesser height below sea level

is subtracted from the greater height below sea level., This is
usually the bore-hole height of the upper level water subtracted from
the level in the bore hole to the lower level. To be directionally
consistent, Ahc should be the water-height equivalent of the

upper water potential subtracted from the lower water potential
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aquivalent when each are computed as described here.® A similar

convention should be used for computing 6ht.

The following methodologies for computing osmotic influences are based
on some simplified assumptions relating to the phenomena involved.
More rigorous models are not warranted at present because of the
sparsity of the required data. For example, computation of the
escaping tendency of water from solutions requires knowledge of the
nature and amount of the dissolved substances, For many underground
waters in the Netherlands, oniy dissolved chloride ion concentrations
are given. An approximation for converting the difference hetween two
splutions given in parts per million (or its equivalent, mg/1l) of Cl
toe ppm of total dissolved substance is to multiply the former by
1.50.° We are still confronted by a weight measure of average
dissolved substance which has little import for computing chemical
effects on water activity. We must assume some chemical form for the
solute~-this is chosen as sodium chloride having a molecular weight of
58.45 grams per mole, and completely ionized to yield an ideal
solution. Further, one osmolar (1/2 molar) sclution of sodium
chloride is assumed to have an osmotic pressure of 23.22 atmospheres at
10G. These assumptions combine to yield a conversion factor of
0.0082, which may be used to multiply differences of concentrations in

ppm (or mg/l) of €1 to give Ahc in meters of water-height

difference.

Computation of ﬁht requires a knowledge of the

pressure-difference equivalent of a temperature gradient on water
activity. From Table 2.2 and App. 4 of Ref. C.11, we find that a
difference of 1C (in the vicinity of 10C) alters the escaping

tendency (activity) of water by about the same amount as a pressure
difference of 100 atmospheres, or equivalently a water height of 1034 m.
Measurements cof the in situ temperature difference between deep
underground water and near surface water are required. These data do
not appear to be widely available.

C.5. MEASUREMENT DIFFICULTIES

Previously it was noted that conventional test bore holes filled with
water tend to mask the upper and lower level pressure differences
caused by salinity and temperature gradients, particularly as the
water in the tube becomes mixed. Measurement of in situ water
activity at depths in aquifers presents problems. Perhaps after the
appropriate sensing or sampling devices are installed in a newly
drilled or driven test hole the tube could be refilled with the
sediment that was removed (or egquivalent material), and raw surface
water allowed to seep continuously down the filled tube in an attempt
to maintain the original conditions. Total water activity effects
might be measured by vapor pressure sensing (differential
thermometry). For measurement of salinity effect alone, conductivity or
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freezing-point depression should be suitable. Measurement of Cl-
concentration alone is not satisfactory because there is a different
relation between Cl- and total dissolved solids for each water.

In an attempt to compensate for the lack of temperature gradient
measurements, one might assume as a first approximation that over a
four-season year the temperature gradients change in a pattern that
just compensates vertical water losses and gains through this
influence. We are left then with the salinity gradient influences fox
which at least some Cl- concentration measurements are available
(e.g., Ref. C.6). These might be converted and used to correct the
present infiltration-loss estimates.

C.6. COMPUTATIONS OF WATER BALANCES THAT INCLUDE OSMOTIC POTENTIAL
GRADIENTS

Reference C.6 contains information about the midwest Dutch lewlands that
can be used to check the reasonableness of the assumptions presented
here as well as to derive some correction factors. -As example, Ref.
C.6 ceontains data on the Cl- concentration at different depths for a
nuwber of test borings in the Haarlemmermeerpolder. This is an
important subbasin of the midwest Netherlands lowlands region. Figure
38 from Ref., C.6 is reproduced here (Fig. C.1) to show these data.

Before making use of these data, it is necessary to eliminate some
because of known peculiarities in the location of the test bores. Test
holes G96 and G95 shown to the left in this figure are in a region of
strong lateral, underground, freshwater flow and are not typical.

Test holes G98, G99, and G104 penetrate regions in which strongly
impenetrable layers separate upper and lower aquifers. Vertical

water movement is thereby locally limited by the physical barrier.
These test-hcle data are also not used in the following quantitative
analysis. Four test holes remain in the data. These are G97, Gl0O,
G101, and G10%, which are located variously to cover the subbasin area.
A first task is to convert parts per million of Cl- to osmotically
meaningful units. We wish the water-escaping tendency or osmotic
pressure to be in units of hydraulic water head. Tor this purpose the
following equation is used:

= 7
My, = 0-0084 (ppm + 210).

There are 36 measurements of Cl- concentration given for the four test
bores. These concentration measurements, converted to equivalent
osmotic water heights by the above formula, are compared with the
actual measured depths for each measurement point by linear
regression. The straight line best expressing the relation between
estimated osmotic water height and actual water height above the
measurement point is

y = =-10.92 + 1.13x
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where y is computed osmotic height and x is measured water depth to
the point. The correlation coefficient, r = 0.905, indicates a
relatively good fit. This relation indicates that for locations in
the lowlands where anomalous intrusions of fresh water or impervious
layers deo not occur locally, the escaping tendency of the underground
water, as indicated by the concentration of disscolved substances, is
well correlated with the overlying water pressure head. Conversely,
cne may make a pretty good prediction of total dissolved substance at

any depth in such regions. The line of best fit is shown dashed in
Fig. C.1.

The average relations described above mask another related phenomenon.
That is, if one looks at the Cl- concentration of the lower points
reported in the above figure and the distance inland for the acceptable
test bore holes,” one notes the tendency for the holes toward the sea
to have higher bottom concentrations than those farther inland. Even
the test bore holes that are distorted by the imperviocus layer appear
to have bottom concentrations that move toward this pattern as sample
points move downward from the shadow of the impervious intrusion. Of
the acceptable test bores, Cl0 is the nearest to the sea and G97 is
farthest inland in this subbasin. Data from these bore holes will

be used in simple models from which an attempt will be made to compute
net average downward water flow for the region.

C.7. MODELS AND COMPUTATIONS

Figure C.2 is a schematic showing conceptual water movements within and
between water layers having the osmotic properties indicated by test
bores G101, G97, and the averages for all of the acceptable bores.
First, there appear to be two different layers of underground
water--an upper and lower parcel--that have different characteristics.
The upper layer appears not to exhibit osmotic head differences in the
horizontal direction, so it should be driven in the seaward direction
by the conventicnal hydraulic gravitational forces as applied in Ref.
C.6. From both the chemical composition of the water and the nature
of the sediments as presented in this reference, the upper layer
appears to be about 25 m thick, and the bottom layer about 35 m.

The lower layer appears to have a quite different osmotic nature. Data
from bores G101 and G97 indicate that the water at the bottom has
osmotic water-head equivalents of 77.36 m seaward and 39.96 m

landward. This potential gradient suggests that this lower layer

moves landward as suggested (but not quantified) by several of the
previous references for such seacoast regions.

There is another disequilibrium apparent in the data for this lower
layer. The computed average value for the osmotic water head at 60

m depth is 56.88 m or 6562 ppm Cl-. However, these values

in the landward G%7 bore are 35.96 m or 4500 ppm Cl-. Water

moving into this zone should move upward in the layer, in comparisen to
the net downward cycle of water in the seaward portion. Quantitative
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differences between these two water fluxes should give the net water
movement as the layer traverses this subbasin.®

- This net downward water movement may be computed from the indicated
differences in osmotic heads in the vertical direction and the
reported vertical resistance factor for this subbasin. The net
movement q; = qp may be computed as follows:

91 = Fav_,,

qz = F2V22,

where q; is downward flux in the seaward half of the parcel,

q; is upward flow in the landward half; further,

v {(hy - hy)/fc, and

zl

It

Voo (hy = h3)/ec,

where h; and h; are the seaward and landward effective
osmotic heights and h, is the predicted osmotic height for 60 m

depth, ¢ is the vertical resistance factor of the subbasin, here 3200
days, and F, and F, are the specific areas involved, here

1.42 x 10*® m* for each half of the parcel. Because the movement

from the downward moving half to the upward moving half of the parcel
could take place anywhere along their vertical interface, the
arithmetic average of the osmotic head differences is used to compute
the vertical water movements. Given the above assumptions and data,

g1 - 9z = 4.54 x 10° m*/day - 3.84 x 10°

m®/day

70,000 m?/day

The conventional physical head differences were ignored in making
these calculations because they are small (~1/2 m) with respect to
the osmotic heads. The downward water movement computed in Ref. C.6
for this subbasin is 2248 m?/day, or about 3.2 percent of the 70,000
m?®/day computed here using osmotic heads.

C.8. AN ALTERNATIVE MODEL

For those who are uncomfortable with the use of osmotic heads and
countermoving vertical water currents as mechanisms for explaining and
computing net vertical water movements, the following, alternative model



is based primarily on mass balances and conventionally computed movement
of the upper layer. We have now the upper layer flowing seaward to the
extent of 99,000 m*/day.!" The depth of this upper layer in this
subbasin is about 25 m; the average salinity is about 500 ppm Cl- ((200
+ 1000)/2}. The lower layer is moving landward through this subbasin
and has an average thickness of 35 m and an average salinity of 3875 ppm
Cl- ((9000 + 4500)/2 = 6750, 6750/2 = 3875 ppm Cl-). In each subbasin
between the sea and the landward extent (30 to 40 km) of this
osmotically driven counterflow, each upper unit volume of water will be
exchanging with the lower layer in attempting to reach osmotic
equilibrium. At some inland extent, osmotic forces will become smaller
than physical forces and the latter will dominate underground flow
conditions. Until this inland position is reached, however, water from
the upper layer will have a net movement downward. The osmotic
potential for this movement will be greater near the sea and become much
less in the landward direction as the intruding seawater becomes diluted
by the vertical-moving fresh water.!! For the present purpose of
computation, the subbasin described is assumed to represent an average
state between other water subbasins landward and seaward from it. The
average salinity concentration of the upper layer reflects, therefore,
11 water exchanges that have occurred upstream (landward), and the
salinity concentration in the lower layer reflects all exchanges that
have cccurred upstream (seaward) of this average subbasin position.

To compute the freshwater exchange in this subbasin 1, we note that
there is a concentration gradient in the lower layer, from sea to
landward. The average concentration in the seaward boundary is 5000
ppm ({9060 + 1000)/2), and the average concentration in the landward
boundary is 2750 ppm ({4500 + 1000)/2). All of the water for diluting
the average cubic meter moving landward in the lower layer must come
from the upper layer and its inputs. The upper layer does not change
concentration in moving seaward; therefore, downward water losses must
be compensated for as the upper layer moves through the subbasin. To
reduce the lower layer concentration from 5000 ppm to 2750 ppm in
steady state requires 0.82 m” of water to be added to each average
daily m® in the lower layer, and a similar amount of water to be
delivered from each average daily m*® of the upper layer.'*? The

net freshwater movement downward should thus be 0.82 x 99,000

m*/day, or 81,180 m*/day. This value compares favorably with

70,00C m®/day computed on the basis of osmotically induced fluxes

and the previcus model. These computed downward water movements are
31 to 36 times the movements computed on the basis of physical pressure
heads in Ref. C.6.

C.9. CONCLUSIONS

The author wishes to emphasize the tentative nature of these
conclusions. They are based on scanty data that may have been measured
in a manner that distorts, upward or downward, the importance of the
described phenomena. The diffusive water movements discussed here

seem to be universally dismissed as unimportant in the hydrology
literature. Indeed, they may be unimportant in most inland regions



where physical gradients promoting horizontal flow overwhelm those
diffusive movements. 1In flat seacoast regions it appears, however,
that the osmotic potentials and diffusive flows should be considered
in water balance analysis. Seasonal changes in these osmotic
potentials and their induced hydrologic flows, as mediated by
temperature changes, may be especially important.!® Such unmeasured
temperature effects may, indeed, nullify the conclusions on vertical
flow described here. Very little theoretical treatment of the
influence of temperature gradients on transport of water exists in the
literature. The most complete treatment known to the author is by D.
C. Spanner in Ref. C.16.

NOTES

1. Dutch hydrcologists include vertical movements in computing water
balances, but retain the assumption that the driving forces are
purely physical in nature {e.g., Ref. C.6).

2. The potential difference between pure water and seawater is
about 27.5 atmospheres. Consequently, pressures higher than this
must be applied to the seawater side of a membrane to force pure
water from the seawater. In practical devices, pressures in
excess of 80 atmospheres are used to yield high flows.

3. Water used in physical models of these phenomena should also
contain these substances, as noted above. Other deficiencies in
the physical models, upon which the idea of the unimportance of
vertical diffusive movements of water are based, are as follows:
the models are very shallow (h 1 m) so that the important
pressure effects on water activity are only minutely operating;
scme models were operated for too short a period (2 hr) for
diffusive forces to show up at these low potential differences;
and temperatures of freshwater and seawater inputs were not
controlled. The physical models of Nomitsu et al. Y§'?, as
well as others Y@#®, exhibited these deficiencies. Nomitsu
et al. YP#'? in 1927 developed dynamic mathematical models
for hydraulic flows near the coast which are essentially
equivalent to the currently used models. These authors make the
following statements based on these inadequate physical
experiments: "According to our experiments, fortunately the
diffusion velocity is negligibly slow compared with the velocity
of the groundwater. TIf the diffusion velocity were tolerably
great compared with that of the freshwater current, the boundary
curve would be so much disturbed that our theory would be dealt a
fatal blow." The present author proposes that this latter condition
pertains for the Dutch lowlands.

4. In anticipation of large gasps of disbelief at the magnitude of
such forces operating in infiltration and the implications for
water loss through this pathway, one must recall that the
vertical resistance to vertical movement is very large. This
resistance to flow attenuates drastically the impacts of large
net driving potentials. TFor example, present estimates of
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underground percolation loss to the sea from the Netherlands are

on the order of 0.1 percent of input water using the small hydraulic

potentials. The potentials described here might increase these
movements by one to two orders of magnitude from a loss of 1 to
10 percent, depending upon seascn.

Some confusion can occur about signs because of the conventions
used. Thus, osmotic pressure is usually defined as the
hydrostatic pressure required to prevent the entrance of the pure
solvent (water) through the membrane and into the sclution. We
are concerned here with the negative of this effect, i.e., the
relative escaping tendency of water from two solutions of unequal
concentration.

The basis for this conversion is described in Refs. C.13 and C.14.
The factor 1.50 is for groundwater.

This equation is derived from measurements made in Dutch
groundwaters and reported in Ref. C.13, plus the following3

additional factors to convert pressure equal to 0.36 x 10
micromhos; cne atmosphere eguals 10.34 m water height. The
formula from Ref. .13 is (ppm + 210) 2.25 = micromhos.

These positions are shown in Fig. 1 of Ref. C.6.

The water at a salt concentration of 4500 ppm could indeed have
the same in situ activity as water at a salt concentration of
6562 if the temperature of the 4500-ppm volume were somewhat
higher than that for the 6562-ppm volume. It is assumed in the
following calculations that laboratory salinity measurements were
made on sampled water and that all salinity measurements were
made at equal temperatures at the surface.

Ref. C.6, p. 32.

The initial feorce driving seawater inland is thought to be tidal
action Y#*2?\ ¥9'°. This force is believed to extend directly
inland only a few thousand meters or less. However, the osmotic
forces described here could cause an extension of this movement
inland eof 30 to 40 km.

Because of the difference in volumes between upper and lower
layers, this assumption requires that the flow rate through the
lower layer is about 0.71 aof the upper layer.

Seasonal changes in temperature gradients may also be an
important force in determining nutrient movements between
sedimented bottoms and bulk water in Dutch freshwater lakes.
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