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Abstract

Many small-scale water development initiatives are accompanied by hydrological re-
search to study either the shape of the intervention or its impacts. Humans influence
both, and thus one needs to take human agency into account. This paper focuses
on the effects of human actions in the intervention and its associated hydrological re-5

search, as these effects have not yet been discussed explicitly in a systematic way. In
this paper, we propose a systematic planning, based on evaluating three hydrological
research projects in small-scale water intervention projects in Vietnam, Kenya, and In-
donesia. The main purpose of the three projects was to understand the functioning of
interventions in their hydrological contexts. Aiming for better decision-making on hy-10

drological research in small-scale water intervention projects, we propose two analysis
steps: (1) being prepared for surprises and (2) cost-benefit analysis. By performing the
two analyses continuously throughout a small-scale hydrological intervention based
project, effective hydrological research can be achieved.

1 Introduction15

In supporting sustainable water resources management in developing countries, small-
scale water development initiatives play an important role. Such projects are usually
initiated and/or supported by local non-governmental groups, but also by larger donors
such as USAID and others (Van Koppen, 2009; ECSP, 2006; Warner and Abate, 2005).
Typical small-scale intervention projects include water harvesting development, im-20

proving small-scale irrigation schemes, and small dams for water use or hydropower
(Lasage et al., 2008; Ertsen et al., 2005; Falkenmark et al., 2001; Farrington et al.,
1999). Small development activities have been well studied. Phalla and Paradis (2011),
Gomani et al. (2009), and Das et al. (2000) discuss hydrological research and local par-
ticipation in interventions with the goal to improve decision-making about the options for25

interventions. In order to properly implement an intervention, theories and practices of
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adaptive management have been suggested as potential beneficial approaches (Fabri-
cius and Cundill, 2014; Beratan, 2014; Von Korff et al., 2012). Furthermore, local par-
ticipatory approaches in hydrological monitoring throughout the world have shown to
be potentially effective – e.g. in South Africa, Zimbabwe, and India (Kongo et al., 2010;
Vincent, 2003; Das, 2003; Das et al., 2000). However, the combination of the two –5

hydrological research management and local participation in the hydrological research
– has been rather absent from the literature. Currently, a more systematic overview of
issues on planning hydrological research within small-scale water intervention projects
is lacking. This paper aims to fill this gap.

In developing our analysis, we focus on hydrological studies in three areas: Vietnam,10

Kenya and Indonesia. Some information on and understanding of the local hydrology
is typically required for design, construction and management of small-scale water in-
terventions. Even though such a hydrological study may be limited in scope – both in
terms of time and detail – it still takes considerable effort performing the study and
collecting the data. This holds especially for building and maintaining (informal) net-15

works and relationships for successful local data collection (Mackenzie, 2012). Despite
this, most studies on small hydrological studies related to interventions – if available at
all – focus on negative events like theft and vandalism (see Kongo et al., 2010; Mul,
2009; Gomani et al., 2009). Even when these events are discussed, they seem to be
perceived as simple bad luck, which could happen every time and everywhere during20

a research. As theft and vandalism usually result in less data, and data sets would have
been relatively limited anyway, studies using such limited data are typically difficult to
be accepted in the scientific research areas (Winsemius, 2009). We argue that hu-
man agency – both positive and negative – should be an integral aspect of designing,
performing, and evaluating intervention-based hydrological research.25

Many small-scale interventions are located in areas that have been studied less
well. In 2003, the International Association of Hydrological Sciences (IAHS) initiated
the Prediction in Ungauged Basins (PUB) initiative with the objective to promote the
development and use of improved predictive approaches for a coherent understanding

9491

http://www.hydrol-earth-syst-sci-discuss.net
http://www.hydrol-earth-syst-sci-discuss.net/12/9489/2015/hessd-12-9489-2015-print.pdf
http://www.hydrol-earth-syst-sci-discuss.net/12/9489/2015/hessd-12-9489-2015-discussion.html
http://creativecommons.org/licenses/by/3.0/


HESSD
12, 9489–9569, 2015

Systematic planning
of small-scale
hydrological

intervention-based
research

K. E. R. Pramana et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

of the hydrological response of ungauged and poorly gauged basins (Sivapalan et al.,
2003). This paper links to PUB as all catchments in our study areas were originally
ungauged and were similarly approached. Available data came from stations far from
the study area and satellite data providers. One of the topics in PUB that related to
our case studies is investigating the dominant processes by using a multi-method ap-5

proach (Mul et al., 2009; Hrachowitz et al., 2011). Our researches were primarily field
campaigns, with the disadvantage of financial constraints (Mul et al., 2009; Hrachowitz
et al., 2011); they were performed in short periods. Furthermore, as with the PUB chal-
lenges (Hrachowitz et al., 2013), the case studies were located in remote areas in three
different developing countries. These conditions challenged us in setting up a proper10

field campaign. On-site measurements were much dependent on the support of the
local communities.

Human changes the landscapes through interventions for many purposes due to
human demands (Ehret et al., 2014). Hence, human agency is continuously changing
future hydrology, which means we need to build deeper understanding of human–water15

dynamics (Sivapalan et al., 2014; Ertsen et al., 2014). As in our cases, it turns out to
be highly relevant to look at the interactions between humans (as a proposer and/or
stakeholder of intervention and/or research itself) and the complex hydrological system.
Likewise, as the interventions influence society – beneficially or not – society needs
to create an awareness and overall understanding of the interventions. Hydrological20

change usually occurs after a certain intervention has been implemented. On the other
hand, society actually interacts before, during, and after the intervention as well, which
are crucial phases in deciding the type of intervention to be implemented. Therefore,
the potential interactions with possible feedbacks and changes not only show that hu-
mans play an important role in determining much of the behaviour of catchments, but25

also may already influence hydrology and society before the intervention takes place.
In tracing the social processes relevant for the development of research and inter-

vention in our three cases, we looked for patterns. In the current context, as hydrol-
ogists who cannot be separated from the socio-hydrological world (Lane, 2014), we
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searched for a better way of conducting small-scale hydrological research in the fu-
ture. How can hydrologists make better decisions when planning hydrological research
realizing that humans make decisions on a daily basis that will affect the intervention
development and hydrological research itself? Our objective is to propose a systematic
process of performing hydrological research in small-scale water intervention projects.5

We propose two related steps: (1) being prepared for and respond to surprises, and
(2) cost-benefit analysis.

In terms of planning for surprises, we have found the frameworks as developed by
the RAND cooperation on how to be prepared when facing “surprises” in planning ex-
tremely useful. Dewar (2002) (see also Dewar et al., 1993) discusses such surprises10

and provides a tool for improving the adaptability and robustness of existing plans
by making assumption-based planning (ABP). With ABP, one would double-check the
planners’ awareness of uncertainties associated to any plan, including assumptions
that might have been overlooked. In terms of cost-benefit analysis, research budgets
for small-scale interventions are usually constrained (e.g. Phalla and Paradis, 2011).15

What to do with such limited budget, how human action affects research activities and
budget, and how to deal with possibly costly surprises are important questions to pre-
pare oneself for. In terms of time constraints, a very useful example of how to optimize
short-term data is offered by Hagen and Evju (2013). To understand a certain water
intervention, ideally a hydrological researcher would prefer measurements being con-20

ducted at many locations, for a long time and with high frequency. However, within
that general preference and given financial constraints, much remains to be chosen
by the researcher (Hamilton, 2007; Soulsby et al., 2008). This suggests that different
researchers would select different actions and measurement techniques, even when
performing a similar type of hydrological research. As such, choices can be studied in25

terms of costs and benefits.
Despite this potential of looking at uncertainty in planning of small-scale hydrological

research related to human actions, there is still a long way to go. The above-mentioned
bias towards not publishing small-scale studies not only may limit understanding of
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the hydrology of small-scale water systems, but it also prevents understanding the na-
ture and performance of the small-scale studies in relation to the intervention itself.
Any intervention can be understood in terms of cooperation and negotiation between
actors in the process (re)shaping its design (Ertsen and Hut, 2009). In other words,
water planning and management are typically organised or “co-engineered” by several5

agencies or actors (Daniell et al., 2010). This co-engineering will also be the case in
shaping the hydrological research itself – and thus principally the science of hydrology
as well. In this paper, we evaluate co-engineering of the hydrological sciences in ac-
tion. We scan for solutions, explicitly analyse the research management in the three
cases, and define how it can be improved in practice (see Sutherland, 2014). Daily10

realities of performing small hydrological studies are our focus. Based on evidence of
the effectiveness of our own learning, we contextualize our personal experiences to
extrapolate general principles how to improve knowledge development for researchers
and practitioners (Beratan, 2014).

We start with an overview of the three case studies, discussing the hydrological re-15

search and the social realities of the project. These hydrological overviews are not
exhaustive, but meant to allow the discussion on scenario development in the second
part of this paper. Finally, we propose how to plan hydrological research in a (surpris-
ingly) surprise-rich context in a systematic way.

2 Three small hydrological research projects20

2.1 Vietnam case: contour trenches for artificial recharge in Ninh Thuan
province, Vietnam

2.1.1 Introduction

Contour trenching is one of the water harvesting techniques implemented to increase
water availability in semi-arid and arid region. The Food and Agriculture Organization25
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of the United Nations (FAO) defined it as contour furrowing. Its implementation differs in
size, depending on its purpose. In agriculture, it is meant for effective crop production.
A study on trenches in Chile by Verbist et al. (2009) suggested that few efforts were
observed to quantify the effect of runoff water harvesting techniques on water retention.
On the other hand, Doty (1972) found that there is almost no change in soil water5

between with and without trench.
In our Vietnam study, we investigated recharge processes of contour trenching after

events by conducting a multi-method approach. One of the important aspects in mod-
ern approaches in understanding catchment dynamics, as Tetzlaff et al. (2010) pointed
out is integration of field-process studies. Here, we applied a similar approach during10

a single wet year in 2009. Our field measurements explored physical parameters to
be used in Hydrus (2-D/3-D) modelling. Moreover, we performed an isotope study; as
such studies on recharge are known to allow improved understanding of catchment
dynamics (Soulsby et al., 2003; Rodgers et al., 2005; McGuire and McDonnell, 2007).

2.1.2 Site description15

The study area is located in the Phuoc Nam Commune, in the Ninh Phuoc district,
with latitude 11◦27′46.06′′ and longitude 108◦55′44.39′′ E (Fig. 1). The landscape is
a foothill with an average slope of about 3.5%. It is dominated by mountainous gran-
ite and downhill valley with mix of loamy sand, weathered granite, residual soils and
alluvial deposits. Interpolating lithological logs resulted in Fig. 2, where loamy sand,20

weathered granite, and possibly fractured granite formed the subsurface. Initially, con-
tour trenching was planned for an area of 97 ha. At the end of the project, only 22 ha
were trenched. The research area itself focused on an area of about 8 ha. The climate
is dominated by tropical monsoons. Generally, the wet season with heavy rainfall events
occurs from September to December. However, from April to May there are sometimes25

light rainfall events. The dry seasons are from January to April and from June to Au-
gust. The average rainfall and temperature are 810 mmyr−1 and 27 ◦C, respectively. In
the current situation, local people mainly graze livestock and grow Neem trees. Much
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of the area could be seen as bare soil with erosion gullies, with some parts covered by
cacti and grasses.

2.1.3 Material and methods

Field measurements; rainfall, surface water, and groundwater level

Only during one 6 month period (June to November 2009) data of rainfall, water levels5

and groundwater levels were simultaneously available. On 11 October 2007, before
the construction of contour trenches, we installed two rain gauges (Casella tipping
buckets, 0.2 mm, with HOBO data logger). Infiltrated ponding water in the trenches
was monitored daily after rainfall events. The surface water was measured using a stick
and two measuring scales in the trenches. The subsurface (geology and soil) survey10

was partially conducted three times, in October 2007, March 2008, and June 2009.
In October 2007, we performed inverse auger tests (Porchet test) to obtain a range
of hydraulic conductivity values. Six locations were selected from uphill to downhill at
the proposed trench area. In March 2008, we drilled 3 m holes at eight locations for
additional lithology investigations. We also took four soil samples at the trench plots15

and analyzed those using wet and dry methods at the laboratory of UNESCO-IHE
Delft. In October 2007, we constructed three observation wells; Wells 1, 2, and 3, at the
upstream and middle part of the planned project area. We measured the groundwater
level with divers (Schlumberger Water Services). Because of the loss of two divers in
two different observation wells, since February 2008 we measured groundwater level20

manually on a 3 to 4 day basis.

Isotope Oxygen-18 and dye tracer

From September 2009 to November 2009, 72 water samples were collected in 2 mL
vials. 18O variation of rainfall, surface water and groundwater were analyzed. Samples
were collected on site at a random interval depending on rainfall events. The filled vials25
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were then sealed and subsequently sent to the Netherlands. We utilized a spectrometer
at the Isotope Laboratory of Delft University of Technology. The 18O analysis used per
mil units relative to Vienna Standard Mean Ocean Water (VSMOW) with an average
standard deviation of 0.15 ‰.

The vertical flow paths at the bottom of the trench were checked using dye tracer.5

Dye tracer in forms of powder and low cost was available in the nearby market. Initially,
we dug about 40cm×40cm in area and 3 cm deep of the sediment surface in the
middle of the trench and poured evenly the dye powder. Afterwards, we filled back the
dug sediment.

Modelling Hydrus (2-D/3-D)10

Hydrus (2-D/3-D) (Šimůnek et al., 2008) was chosen to simulate the process of infil-
tration and recharge. It is a physically-based model using finite-elements that solves
numerically the Richards’ equation for unsaturated and saturated flows in porous me-
dia:

K (θ) = KSS
0.5
e

[
1−

(
1−S

1
m
e

)m]2

15

Se =
θ− θr

θs − θr

θ (h) = (1+ |αh|n)−m

where K is the hydraulic conductivity function (ms−1), h is the matric head (kPa), Se
is the effective water content (–), and m is empirically assumed 1−1/n, n is the pore
size distribution index, n > 1 (van Genuchten, 1980). O is the water content (m3 m−3),20

“s” represents saturated and “r” residual, and α is a fitting parameter.
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2.1.4 Result and discussion

Rainfall–runoff processes to the trench area and potential evaporation

According to four nearby meteorological stations, the long-term average of annual rain-
fall is 810 mmyr−1. In 2008 and 2009, rainfall measurements at the study area reached
annually 1134 and 1303 mm respectively, suggesting two very wet years in a row. Ob-5

servations showed that runoff entered the trench area through specific paths; it became
concentrated in space. These flow paths occurred due to the nature of the local topog-
raphy and the man-made road path surrounding the trench area. Trench 1 to trench 7
received water fluxes from the granite hills upstream. These fluxes produced the main
ponding in the trenches. As the first trench originally obstructed an erosion gully, it re-10

ceived the maximum runoff. Every event resulted in specific runoff generation. As such,
the contribution of runoff towards the trenches from a bigger catchment area uphill the
trench area is much larger than the surface created by the spacing between trenches.

Compared to other trenches, ponding at the first uphill trench took a longer time to
infiltrate because of sedimentation. Fine material was brought by runoff into the trench.15

Also during storms, sand from uphill was brought to the first trench, which filled up the
trench about half full. Ponding in the smaller trenches showed lower water levels. The
ponded water infiltrated quicker, because there was little fine sediment and the main
soil type was grey sand. Thus, a high infiltration capacity was predicted. Additionally,
the smaller trenches were not affected by external runoff such as in trench 1 to 7.20

Geo-hydrological conditions and groundwater level response

The groundwater level responded in two ways to these inflows from rain and runoff:
a slow annual increase and an instant increase after events (Fig. 3). From uphill to
downhill of the observation wells, the gradient between Well 4 and Well 6 (100 m dis-
tance) is much lower than between Well 6 and Well 7 (200 m distance). This suggests25

that extrapolating subsurface layers may result in failure to identify the correct subsur-
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face profile. Well logs data indicate granite bedrock, with assumed very low permeabil-
ity, at 15 to 32 m below the soil surface. A possible explanation for the different ground-
water fluctuations is the heterogeneity of geology. Even from two nearby locations of
observation wells (100 to 200 m), groundwater level fluctuation was different.

Some references of the range of hydraulic conductivities of loamy sand and granite5

in semi-arid areas were used to compare our infiltration tests. At granite terrain in Hy-
derabad, India, the hydraulic conductivities were estimated by Chandra et al. (2008),
at a maximum of 7.9 mday−1 and minimum of 7.9 cmday−1. Katsura et al. (2009) char-
acterizes the hydraulic properties in weathered granite as matrix flow with a moderate
core-scale hydraulic conductivity of 8.6 mday−1 to 86 cmday−1. Infiltration capacities of10

up to 2 m deep from the ground surface at six locations at the trench area show a range
of 25 to 3 mday−1. Our measurements lie between values found in these studies.

Modelling – Hydrus (2-D/3-D)

Three parameters were sensitive to fit the measurements of infiltration (surface water
drawdown) and groundwater level fluctuation. The three parameters were the subsur-15

face (the main Ks in the domain), Ks at BC, and the porosity. We set first the Ks values
according to the point measurements. In reality, it would be hard to obtain all Ks of the
subsurface, especially in depths of more than 3 m to the saturated zone. The measured
Ks in this case study was only up to 2 m below the soil surface. However, this parameter
was simulated through different scenarios of values.20

The simulation results provide visualization of the infiltration mechanism to the sub-
surface. Sedimentation at the bottom of the trench retains water for longer periods but
water infiltrated merely in a downward direction with very little horizontal flow to the
side of the trench walls.

Comparing the simulation and measurements (Fig. 4), it appears that the selected25

subsurface properties in the modelling to allow similar infiltration as observed were
lower than the range of the measured ones. The minimum infiltration measurement
found was 25 cmday−1, whereas in the simulation the lowest value was approximately
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7 cmday−1. The porosity measured was about 33 %, whereas in the simulation it was
better set to 11 %. The parameter decrease with depth were observed by several re-
searchers; Neuzil (1986), Manning and Ingebritsen (1999), Saar and Manga (2004),
Wang et al. (2009a), Jiang et al. (2010) found the decrease of Ks and Athy (1930),
Screaton et al. (2002) found the decrease of porosity. However, for simplification the5

assumption of the model was set to be homogeneous.

Isotope technique and dye tracer

The rainfall analysis produced a local meteoric water line. For our short period of ob-
servations MLWL is δ2H = 7.965×δ18O+11.406, corresponding to measurements by
IAEA at Kings Park, Hong Kong. Average isotope composition of δ18O and δ2H are10

−7.8 and −50.6 ‰ for rainfall and −8.1 and −56.1 ‰ for groundwater.
Initial groundwater composition at Well 4 before the events was −8.3 ‰ in δ18O and
−61.1 ‰ in δ2H (Fig. 5). After about two weeks, a signal of mixed small events with the
one on 9 October could be found. Recharge is first indicated as the composition turns
to −9.9 ‰ in δ18O and −70.7 ‰ in δ2H, decreased by 1.6 ‰ in δ18O and 9.6 ‰ from15

the initial values. Subsequently, its isotope composition increased due to the follow-
ing events that had heavier isotope composition. In the end, the isotope composition
returned back close to the average value with little increase due to the last rainfall,
a mixture of heavy isotope composition.

The signal of dye was searched by digging into the sediment about tens of centime-20

tres. It was found to be about 30 cm from the sediment surface. Initially, dye was poured
about 3 cm from the previous sediment surface. Then, a 10 cm sedimentation was es-
timated during the current wet season (with 4 times of ponding), which means that dye
moved about 17 cm downward. This suggests a very slow infiltration process.
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2.1.5 Conclusion

The combination of field measurements, the isotope technique, and modelling over
a 6 month period has given us the understanding of the recharge process at contour
trenching plots in Vietnam. Based on the groundwater level measurements, we con-
clude that artificial recharge took place in the trench area. It seems reasonable to5

explain this with the recharge in the trenches, although it is hard to simulate the mea-
sured groundwater level based on the obtained isotope signature. Isotope analysis
suggests that one out of four wells (Well 4) responded to the signal of a mixed rainfall
with groundwater. Because the flow path from the trench to the observation well screen
would need more time, recharge processes may have been influenced by a short cut10

(macro pore).
From the modelling in Hydrus (2-D/3-D), the estimated values of parameters used

were focused on matching the true scenarios of possible hydraulic conductivities and
porosities. Even though the geology of observation wells was available, those data
cannot be simply interpolated. Also between Wells 6 and 7 the groundwater system15

is disconnected. Infiltration requires a few days to two weeks. Sedimentation occurs
after events and reduces the infiltration capacity. During the dry season the artificial
recharge that yields subsurface water storage can be maintained up to 2 months.

On the long term, infiltration in the trenches will increase the groundwater levels
based on the events during the wet season. The quick groundwater level increase is20

followed by gradual drawdown during the dry season. For the time being, the trenches
seem to benefit short-term subsurface storage.

2.2 Kenya Case: the impacts of contour trenches in Amboseli, Kenya

2.2.1 Introduction

In Amboseli, a semi arid area in Kenya, contour trenching started in 2002. Until recently,25

the hydrological long-term impacts of this construction were not well documented. Pre-
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vious studies showed impacts of similar water harvesting techniques in different di-
mensions and semi-arid areas. For example, Makurira et al. (2010) concluded that
fanya juus (infiltration trenches with bunds) increased soil moisture in the root zone.
Singh (2012) stated that rainwater-harvesting structures enhanced vegetation growth
and biomass production. Mhizha and Ndiritu (2013) showed that depending on the soil5

type conditions, modified contour ridges resulted in crop yield benefits. Three studies
indicated that those techniques reduced soil erosion.

An attempt was made to answer two research questions on the impacts of contour
trenching eight years after construction. First, what is impact of trenching to the vegeta-
tion growth? With the absence of ground data from the past, an effort by using satellite10

imagery analysis for this period was conducted. In the absence of rain gauges, satellite
images can be source of data (Nesbitt et al., 2004; Su et al., 2008). Tropical Rainfall
Measuring Mission (TRMM) quantified rainfall “best” between 50◦N and 50◦ S (Huffman
et al., 2007). Normalized Difference of Vegetation Index (NDVI) was used to investigate
the greenness of an area. Second, what is the impact of trenching to the soil redistri-15

bution in the trench area? Erosion and sedimentation investigation using cesium-137
analysis (Ritchie and McHenry, 1990; Zapata, 2003) was performed to qualitatively
understand the sources of sediment, both in trenches and surrounding area.

2.2.2 Site description

The contour trenching area is located about 30 km downstream of Kilimanjaro Mountain20

(altitude 5895 m). See Fig. 6. It lies on the altitude of 1245 m, with latitude 2◦46′57.46′′ S
and longitude 37◦16′45.93′′ E. From visual observation, the study area was eroded and
has an average slope of about 2 %. Additionally, it is situated next to an erosion gully
originated from Kilimanjaro Mountain.

There were two types of trenches. The first are small trenches (1 m wide, 0.8 m25

deep), which were constructed in 2002. The larger ones (4 m wide, 1 m deep) were
started in 2003. From 2002 until recently, a temporary diversion structure from stones
was made to divert upstream rainwater to the whole trenched area.
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2.2.3 Material and methods

Vegetation growth

For vegetation growth, two types of satellite images were used; Tropical Rainfall Mea-
suring Mission (TRMM) and Moderate Resolution Imaging Spectroradiometer (MODIS)
time series were downloaded freely from https://reverb.echo.nasa.gov in January 2011.5

Those satellite images were processed using ERDAS Imagine 9.1.
TRMM is a joint project by NASA and the Japanese Space Agency (JAXA) launched

in November 1997 to study tropical and sub-tropical rain systems (Kummerow et al.,
2000). The images have a spatial resolution of 25 km and temporal resolutions of 3
hourly, daily, and monthly. In this study, monthly temporal resolution data were used.10

Data were available from beginning 1998 onward, but we used only from January 2002
to December 2010. TRMM images were corrected by using WGS84.

MODIS-NDVI is a readily satellite image of cloud-free vegetation activity available in
three spatial resolutions (250, 500, and 1000 m) and temporal resolutions of 8, 16 day,
monthly, quarterly and yearly composite. In this study, MODIS in 250 m and monthly15

resolution were used. In total, 102 MODIS images, from 2002 to 2010, were used for
this analysis. The coordinates of MODIS images used WGS84 as well.

The analysis was based on NDVI values by investigating its increase after the con-
struction of the trenches. In case of success, vegetation growth should not only in-
crease NDVI values, but also remains high throughout the year. An independent two20

samples t test was used to evaluate the impact of contour trenching to vegetation
growth. NDVI of areas with trench was compared with NDVI without trench.

Erosion-sedimentation; cesium-137

Fallout Cesium-137 (137Cs) is a tracer used for erosion (Zapata, 2003) and sedimen-
tation studies in different environments around the world. 137Cs originated from the25

nuclear tests in the 1960s, was absorbed in soil particles, and has a half-life of about
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30.2 years. In this study, the 137Cs concentration is assumed to be evenly distributed
throughout the catchment of the study area. By measuring the concentration of 137Cs
in the vertical distribution, sources of sediment can be identified (Walling and Quine,
1991; Wallbrink et al., 1999).

For soil redistribution or the impact to erosion-sedimentation in the trench area, soil5

samples (using split tube sampler, Eijkelkamp Agrisearch Equipment) with a depth of
40 cm from the soil surface were collected. Figure 7 shows the sample locations, which
are divided into four parts of samples; two undisturbed samples for references, six
samples in areas which were not influenced by trenching, four samples in areas which
were influenced by trenching, and four samples at the bottom of the trenches. Each10

point was sampled three times in a radius of 1 m, yielded to one composite sample
(Sutherland, 1994).

In total 16 soil samples were oven-dried at temperature of 1050 ◦C for 24 h, sieved
in 2 mm, and weighed at Moi University, Eldoret, Kenya. A minimum of 100 g samples
were packed into small polyethylene bags, sealed, and sent to ISOLAB, Georg-August-15

Universitaet Goettingen, Germany, for cesium concentration measurement. The con-
centration was measured in Bqkg−1 using a HP Germanium detector. Due to low ac-
tivity concentration, the measurement time per sample was maximum 250 000 s.

2.2.4 Result and discussion

NDVI with and without trench, TRMM vs. NDVI20

NDVI values of areas with trenches (WT1 refers to small trenches and WT2 refers to
large trenches) were compared to areas without trenches (WOT1, WOT2, and WOT3)
using a fixed area size; for the small trenches 2 ha and for the large trenches 4 ha. The
results are summarized in Fig. 8.

The average of NDVI with trench throughout 2002 to 2010 was 0.3 and without trench25

0.27. The t test resulted to t(102) = 1.76, df (degree of freedom) = 196.5, and p = 0.08
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or 8 %. Since the probability is 8 %, there is a weak significant difference between with
and without trench.

An attempt to correlate TRMM with NDVI values of the trench area was performed.
Martiny et al. (2006) showed a lag of 1 month in western Africa and 1.5 month in
southern Africa between rainfall and NDVI peaks. Also, the relation between soil mois-5

ture and the greenness index may lie in the order of a few weeks (Cheema et al., 2011).
Thus, by shifting TRMM values up to 2 month earlier to its actual month, it is expected
that a lag correlation could be obtained. However, results show low values of correlation
(1 month lag R = 0.44, 2 month lag R = 0.16).

Overall, it has been possible to study monthly NDVI values between 2002 and 2010.10

The results of MODIS images indicate that NDVI values fluctuate in time because of
alternating dry and wet seasons. Thus, there is no clear signal that contour trenching
increases the NDVI (or “greenness”) throughout the year, but it does show short-term
effects.

Cesium-137 analysis15

Comparisons of 128 137Cs concentrations at the small trench area (see Table 1) are
analyzed:

– between the reference (R1 and R2) and the area that is not affected by trenches
(U1 to U3);

– between the reference (R1 and R2) and the area assumed to be affected by20

trenches (D1 to D4, and U4 to U6);

– amongst the samples in the trenches (T1 to T4).

The trench area is an eroded area that has a low concentration of 137Cs at the top
20 cm soil surface. Based on the two reference samples, 137Cs concentrations are
lower than 2 Bqkg−1. Below 15 cm, there is almost no 137Cs concentration found. From25

the trench area to the West, erosion and sedimentation were much heavier. Comparing
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the vertical soil profiles, low 137Cs concentrations are found unevenly distributed up to
a depth of 20 cm.

Inside the trench area that is surrounded by stone walls, sediments show layering of
high and low 137Cs concentrations. It is presumed that early deposition originated from
local sediment within the trench area. In the first 30 cm in trenches (T1 to T4), 137Cs5

concentrations show values below 2 Bqkg−1. In the upper part, 137Cs concentrations
are above 2 Bqkg−1. This mechanism can possibly be due to ponding and/or grazing
activity. The upper sediment is found with enriched 137Cs concentration. This is most
likely to originate from outside the trench area; the sediment was brought to the trench
area through the erosion gully and settled in the trench area. Furthermore, it suggests10

mix sources of sediment between the trench area and external source upstream during
different time of events.

This 137Cs analysis could be limited due to the condition of the two reference sam-
ples that might be eroded samples. The external sources with higher 137Cs concen-
tration seems to be the concentrations at the first few centimeters soil surface, where15

the values lie between 2 and 9 Bqkg−1. UNSCEAR (1972, 1977) estimated the 137Cs
concentration at latitude 0 to 10◦ S of 5.2 Bqkg−1 in the first 5 cm below soil surface.
In addition, deGraffenried (2009) detected 137Cs concentration in non-eroded topsoil
in Western Kenya up to 9.49 Bqkg−1. In practice it is difficult to find a reference place
(Poreba, 2006; deGraffenried, 2009).20

2.2.5 Conclusion

The signal of greenness found was most likely due to alternating dry and wet seasons,
but does show short-term effect. Furthermore, TRMM is correlated to NDVI where re-
sults show low correlation between TRMM and NDVI. The results of the erosion and
sedimentation analysis show the study area is previously an eroded area. Sediments25

found in the trench area are a combination of local and external sources; early depo-
sition originates from local sources and followed after about 30 cm thickness of sedi-
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ments from external sources. As sedimentation still occurs in the trench area, the stone
wall still allows sediment to enter the trench area.

2.3 Indonesia Case: the potential of micro-hydro power plants on Maluku
islands, Indonesia

2.3.1 Introduction5

The province of Maluku, Indonesia, consists of many scattered small to big islands
that demand a high investment to build up its energy infrastructure. On the other hand,
sustainable and qualitative growth for developing economics and habitat requires in-
creased energy input (Dudhani et al., 2006). One of the important elements to support
economic growth is providing local communities with a reliable electricity supply. Cur-10

rently, the state electricity company of Indonesia (Perusahaan Listrik Negara) provides
electricity that dominantly uses diesel generators. However, Indonesia has abundance
of water resources that can be used to create hydropower as a valuable source of en-
ergy. Most of large capacities of micro hydro were installed in North Sumatra, Central
Java, West Java and Bengkulu (Suroso, 2002; Hasan et al., 2012).15

For hydropower to be useful and effective, a potential location has to meet demands
on technical and economic feasibility. An example of an economic feasibility study of
potential hydropower using GIS approach has been conducted for the La Plata basin
(Popescu et al., 2012). Also, Kosnik (2010) carried out research on construction cost-
effectiveness of micro-hydro in the US.20

This study is particularly focusing on Aboru village on Haruku Island, where the
project intended to build a micro-hydro power plant that could improve the socio-
economic situation of the local community (Balakrishnan, 2006; Anyi et al., 2010). The
main objective of the research was to map locations with high-energy heads and as-
sess the minimum available annual discharges for potential micro-hydro in Aboru. The25

second research effort is aiming at finding potential locations for micro-hydro power
plants on the Maluku islands.
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2.3.2 Site description

The Maluku islands are located in the eastern part of the Indonesia archipelago. In
total, there are 1027 islands. Most Maluku islands are mountainous (about 57 %). The
climate is humid, affected by monsoons, with an average annual temperature of 26 ◦C.
High rainfall, annually from 1000 to 5000 mm, occurs from May to August and the re-5

maining months are the dry season. The Maluku islands are mainly covered by rain-
forests, in which local people cultivate sago and rice. In 2009, the population of the
Maluku Islands was estimated at about two million. The study area is located in Aboru,
a small village on Haruku island (latitude 3◦35′33′′ S and longitude 128◦31′0.7′′ E). The
catchment area is roughly 3 km2. Aboru has about 1000 inhabitants.10

2.3.3 Material and methods

The general equation to estimate the potential of micro-hydro is

P = ρ × g × H × Q × η

where P is the potential capacity (W), ρ is density (1000 kgm−3), g is the gravitational
acceleration (m−1 s2), H is the head (m), Q is the river discharge (m3 s−1), and η is the15

efficiency (%) with assumption of 60 to 80 % (Paish, 2002; Purohit, 2008).
The potential of micro-hydro depends on the main two parameters; the river dis-

charge and the energy head. The river discharge was measured uphill of the planned
micro-hydro plant. Two divers (Schlumberger Water Services Delft, the Netherlands,
measurements at 30 min intervals) were installed in the river to measure the pressure20

of surface water levels. To compare the discharge results, a test using the dilution gaug-
ing method (Calkins and Dunne, 1970) was also performed several times at different
locations.

Similar to a study by Mosier et al. (2012), a Digital Elevation Model (DEM) was used.
Data was downloaded from http://srtm.csi.cgiar.org, which was provided by the Con-25
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sortium for Spatial Information of the Consultative Group for International Agricultural
Research (CGIAR).

2.3.4 Result and discussion

Field measurements; rainfall and surface water level

The estimated monthly discharge during one wet year resulted to about 0.2 m3 s−1 in5

a 5 month consecutive period. During the dry season, low water levels were recorded,
that corresponded with ranges from 0.015 to 0.06 m3 s−1. A big difference in discharges
between wet and dry season can be seen. However, this could be included in the final
decision on the capacity of a proposed micro-hydro plant. For example, facilitating only
five months of hydropower (during the wet season) and a shutdown of seven months10

might result in a higher micro-hydro capacity. Another option is using a low micro-hydro
capacity the entire year. From these two possible scenarios, the latter one is preferred.

DEM analysis

Most of the potential locations are found on Buru and Seram Island (Fig. 9). The two
islands are mountainous and are the two largest islands compared to others in the15

Maluku region. On Buru Island, high heads are located on the western part, very close
to the western coast. On Seram Island, high heads are found along the northern and
southern coasts, at the middle of the island. Halmahera Island also has some hills,
however, the available heads in the river on this island are considered low and thus no
potential was identified.20

Potential capacity of micro-hydro power

At the proposed location for micro-hydro, in Aboru village, the rainfall–runoff process
is determined by a quick response. The discharge observed ceased within days after
a rainfall event. This suggests that a higher potential of micro-hydro will most likely be
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limited to the wet season, which is 5 months. One usually designs the installation with
the average monthly discharge. However, a daily discharge would not represent the
monthly discharge that is taken as the design capacity of a micro-hydro power plant.
For a continuous annual operation of micro-hydro, it is suggested to take the minimum
discharge during the dry season (see Table 2 and Fig. 10). At this area, it is safe to take5

a low capacity of about 3.5 kW, in accordance to the local head (35 m) and discharge
(0.02 m3 s−1). This means that Aboru village suits better to a very small hydropower
(pico-hydro) schemes.

2.3.5 Conclusion

Maluku islands have a small potential for micro-hydro power plants. Extrapolated dis-10

charges that can be used range from 0.03 m3 s−1 to almost 0.2 m3 s−1. As a result,
available streams with head conditions between 20 to 35 m can produce a minimum of
6 kW and maximum of 40 kW. Other related factors were not taken into account such
as socio-economic ones. However, this approach provides a step forward for follow up
survey on related factors, to ensure that micro-hydro plants could be build to benefit15

local communities at the estimated potential locations.

3 Human actions towards intervention and hydrological research

In the Kenyan case two rain gauges were installed close to the study area. One rain
gauge in front of the manyatta was destroyed by elephants and afterward removed by
local people. The other one had a data logger that could not be retrieved. Soil moisture20

analysis would have indicated correlations with rainfall events and the impact of trench-
ing. However, it could not be performed due to disappearance of tubes and difficulties
getting labour. Local people seemed to prefer other work (easier to be conducted with-
out the need for a long trip to the study area).
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In an attempt to look at these anecdotal experiences more systematically, we started
first by identifying participative actions from local people during the process of inter-
vention and hydrological research. The time periods of three hydrological intervention-
based research projects can be seen in Table 3. In each of the three interventions – in
Vietnam, Kenya and Indonesia – local people were engaged (see Tables 4–6). This in-5

cluded the hydrological research, especially where it was part of the intervention itself.
Our analysis will focus on community participation, including what went differently in
the hydrological studies than expected and the issue whether in the future such devel-
opments could be anticipated upon. Based on the results, we develop suggestions how
hydrological researchers can include considerations on human agency when planning10

and performing field research. As already mentioned, for this we incorporated results
from RAND studies on being prepared for uncertainties.

Human agency in intervention and research can be related to existing theories on
community participation. There are many participation theories; Arnstein (1969) intro-
duced the ladder of participation for urban development where the scale was from15

non-participation to being able to make decision (citizen empowerment). The scale
influenced other fields and was further developed, for example by Choguill (1996).
Her ladder of participation was based on the scale of willingness of government in
community projects. One recent participatory spectrum is IAP2 (2007), where along
the spectrum the impact of public participation increases. Another participation frame-20

work during intervention phase was proposed by Srinivasan (1990), where this was
meant for training trainers in participatory technique. We found this last approach use-
ful in analysing our case studies, as the community participation scale from Srinivasan
(1990) allows for differentiating attitudes towards change, by sorting them along a scale
showing varying degrees of resistance or openness (see Fig. 11). Therefore, we found25

this potential to “measure” attitude even more interesting because our results suggest
that these attitudes of stakeholders change over time, during the intervention and re-
search itself.
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As an example, we use the Vietnam case to gain an overview how the local commu-
nity participated in the intervention phase and how this altered over time. The imple-
mented scale of community participation (Srinivasan, 1990) is shown in Fig. 12.

– 0 to 6; at the start of the project, none of the landowners agreed with the inter-
vention, especially because they had not yet seen a successful example in their5

particular area. After negotiations, a monk organization was willing to provide their
land as an example case [#6A].

– 6 to 3; after construction of large trenches, the monk organization did not like the
design. The rejection of the large trenches enforced the proposer to reconsider
the trench dimensions. Thus, the proposer provided a smaller design of contour10

trenches. Despite the smaller design, the monk organization still refused to con-
tinue implementing the new design on its remaining land.

– 3 to 6; consequently, the proposer introduced the smaller design to other farmers
and fortunately one farmer accepted it. The smaller trenches were then imple-
mented in one farmers’ area.15

– ‘6 to 7; the acceptance of the smaller design by other farmers continued. Farmers
living nearby requested also the small trenches to be constructed on their land.
After the monks’ organization saw the results at several farmers’ land, the monk
organization eventually requested the proposer to construct small trenches on
their remaining land. The decision of local people who wanted to have contour20

trenches occurred after seeing an example of a smaller design.

Within the context where intervention was done simultaneously with hydrological re-
search – the Vietnam case [#6] – the actual shape of the final intervention was decided
upon within several rounds of discussions between project team and the local com-
munities. Agreement was obtained through a negotiation process. The actual shape25

of the hydrological research was heavily dependent upon knowing the definitive loca-
tion of the intervention. As the decision process went, however, measurements were
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conducted in the vicinity of the possible locations of the intervention. On-site measure-
ments had to be re-evaluated from time to time due to changes of intervention loca-
tions. The intervention period and financial support for research were both limited and
limiting as well. Most likely, in conditions of simultaneous intervention and research,
changes require adjustments to a new setup, which often means increasing financial5

expenditure for measurements. Therefore, any decision to start either intervention or
hydrological research is troublesome and needs careful thought.

In general, we find different processes of involvement and different human actions
related to the three hydrological research projects (see Table 4a, on events labelled
with [#]). The implementation of the hydrological research was strongly correlated to10

social relations and aspects. For example, in Vietnam and Kenya, access tubes [#3,
#9A] were stolen. Also, in Vietnam the divers were stolen [#4]. In Kenya, one rain gauge
was damaged by elephants, and thus, removed by the local people [#7]. Next to human
agency affecting the hydrological research, other events affected the research activi-
ties. In Vietnam, one rain gauge clogged [#1] because of fine sands from strong winds,15

and the screen of the observation wells [#5] proved to be not suitable for local condi-
tions. Obviously, these events could have been avoided. Rain gauges could have been
checked and maintained on regular basis, especially when realizing that local condi-
tions and climate might affect the measurement. When planning to conduct isotope
analysis, observation well structures should have been constructed for a proper sam-20

pling. However, there were also problems that probably could not have been avoided,
especially technical failures of data loggers [#2, #8, #10, #11] from tipping buckets and
divers.

Table 2b also provides the detailed results in terms of timing and type of human ac-
tions during intervention processes. For example, the Vietnamese intervention could25

only be constructed after many negotiations between the proposer and the end user.
Such a decision could change the final location of the intervention, which in turn af-
fected directly the hydrological research. In the Vietnam case, intervention design and
location were determined by the local people, who had the power to choose their pref-
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erence of intervention and decided whether it could be implemented on their land or
not. In the Kenyan case, intervention design and location were simply accepted by the
local Maasai and decisions were made by KWS. In this case, the intervention existed
first and was evaluated later. In addition, negotiating about reasonable labour costs for
the field study in 2010 resulted in lack of local assistance for soil moisture measure-5

ments. In the Indonesian case, the intervention was not, as was preferred before, an
outcome as a recommendation from the hydrological research. The end user of the
intervention shifted from a pilot at a village to a micro hydro model at a local university.
The intervention was cancelled due to insufficient funding, even when the hydrological
research went smoothly.10

The Srinivasan scale allows for analysing the changes in attitudes and possible ac-
tions concerning an intervention over time. However, the scale seems to be less rel-
evant for the hydrological research itself, which is actually interesting as it suggests
that stakeholders may have different attitudes and ideas on interventions. Compared to
the research, reflecting on human actions towards the three hydrological studies, mo-15

tivation of stakeholders when deciding what action to take clearly plays an important
role. To what extent this motivation is always directly linked to an attitude towards the
intervention, however, remains an open question. Take the Vietnam case, where some
measuring devices were stolen. Possible reasons behind the stolen access tubes and
divers are that someone rejected the project, did not want any intervention to be con-20

structed on the land, had negative impressions of the intervention or was not satisfied
with the proposer’s offer. On the other hand, the attractiveness of the device itself and/or
curiosity could make people eager to have such devices. Therefore, the resulting hu-
man action to remove the device may not have been a rejection of the project at all, but
just a desire to own a device with a unique appearance.25
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4 Planning for surprises in hydrological research

In all our three case studies, we conducted different measurement techniques depend-
ing on the research objectives per case study. What all case studies had in common
was that the projects had to be changed due to local negotiations. No matter the scale
of neither stakeholders’ participation in hydrological research nor their motivations, one5

will have to face human actions – disappearance of measurement devices, changes of
locations, etcetera – when designing a field research. The events we experienced in
our own field research could possibly have been anticipated upon – let alone (partially)
avoided – but usually are treated as surprises or unforeseen side-effects. Learning
from our own experience, we claim that they should at least be anticipated upon. For10

example in the Vietnam case, when the divers disappeared, a stronger cover for the
observation wells might have been used. In the Kenya case, a more secure location
for some devices could have been prepared to cope with communities outside the
research area (“third party surprises”). The RAND studies provide guidance for an ap-
proach that anticipates on known surprises (Dewar, 2002). In planning for surprises, as15

outcomes of local negotiations are not known before, we envision that a hydrological
field researcher prepares the study taking into account several scenarios. Thinking in
scenarios for hydrological fieldwork instead of one single approach allows for making
decisions based on expected implications of events on the hydrological results, and
should minimize the costs of improvisation.20

We developed three research budget scenarios for the three cases, where we de-
fined effectiveness in terms of process understanding and important model input. First,
we evaluated the technical approaches per case study (see Tables 7–9) in terms of
performance (Blume et al., 2008), which is the effectiveness of measurements in un-
derstanding hydrological processes. Then, expenditures included in our (fictitious) bud-25

gets are labour and financial costs, which are shown in ranges of EUR; (+-) is between
EUR 0 to 50, (+) EUR 50 to 250, (++) EUR 250 to 750, and (+++) above EUR 750.
These ranges are given as examples to illustrate the expenditures.
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Either collecting more data and/or different data is usually the choice we have to
make to confirm certain underlying dominant hydrological processes due to an inter-
vention. We used cost-benefit analysis (Sassone, 1978) in research scenarios that
were developed based on the Delphi method (Linstone and Turoff, 1975). Each sce-
nario specifies a budget; the measurements that can be conducted within that budget5

and the dominant hydrological processes studied. In changing the budgets, we could
explore changes in and differences between probable field campaigns, especially in
gaining better understanding of dominant mechanisms of the intervention.

4.1 Scenarios

We tested the scenario approach with a group of experts. We offered three scenarios.10

Scenario 1 was approximately at the lowest budget, which was estimated by consider-
ing the experiences gained by the author during the hydrological research. As it was
already known how the research went, the lowest cost scenario was drafted by elimi-
nating the measurements that failed or were not used in the analysis. This combined
at least a desk study with field measurement data. Also, this was a theoretical baseline15

scenario for good understanding of the intervention.
Scenario 2 and 3 covered a longer research period. Extension of measurement and

performing other methods were proposed. There were several options related to pa-
rameters that were selected and added, with various spatial and temporal combina-
tions. Those options were:20

A. extension of the measurement period;

B. additional samplings;

C. additional measurement devices;

D. Additional analysis.

Option C and D are connected since having another type of measurement might use25

the same or require a new (commercial) software program or service.
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Scenario 2 was set with a budget increase of about 20 %. Options for an extension
of the measurement period and more samplings were preferred.

Scenario 3 used an approximately 80 % increased budget. It implies a condition with
an expansion of the second scenario combined with much more room for additional
parameters in the field campaign.5

Some assumptions for the budgeting were set as follows:

– related research budget components like transportation to the site, meals, and
accommodation were not considered;

– a researcher was categorized as a non-paid labour in the research area, since
s/he receives salary from the researcher’s institution. Thus, the researcher’s ex-10

penses were ignored;

– shipping cost of devices and samples, taxes of research devices, and research
permit costs were excluded;

– there were no subsidies from research institutions for measurements devices or
models;15

– none of the scenarios took into account decisions made for a particular interven-
tion and its development.

For Scenarios 2 and 3, the end result of possible field campaign and analysis were
discussed with ten experts from different Dutch institutions, who were selected from
the working environment of the author. Each scenario had its own specific hydrological20

objective that fits to an expertise (i.e. hydro-geology, hydrology, remote sensing), but
the experts were expert from any hydrological background. The implemented research
with the results and proposed scenarios of several field campaigns were explained to
the experts to clarify the content and objective of the research. Subsequently, s/he
had to grade the scenarios based on the level of additional understanding (if any) that25

would be achieved. The required budget itself was not mentioned to allow experts to
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objectively value the proposal without any economic consideration. The author picked
the Dutch grading scale with set up of the 4-level of understanding as follows:

– 1–5.5 = little understanding of the relevant mechanism of intervention;

– 6–7.5 = good understanding of the dominant mechanism of intervention;

– 8–8.5 = better understanding of the dominant mechanism of intervention;5

– 9–10 = complete (full process) understanding of the underneath mechanism of
intervention.

In the last part of the interview, the experts were also given the opportunity to provide
his/her own alternative approaches that could result in better understanding.

Even though this was a theoretical exercise and that it was not easy to provide10

clear-cut evidence for the scenarios to be realistic enough, results are useful. There
may be many other options of optimization, such as cheaper measurement devices,
modelling and different research institutions prefer different measurement devices, or
software that are developed by certain institutions. Research institutions might already
own measurement devices and software, thus do not want to spend money on others.15

This specific setup is merely an estimation in the context of the three case studies and
may well vary from person to person due to people’s preference. However, by asking
ten experts for their input and analyze further their responses over the entire width of
the scenarios, a good degree of objectivity, certainty and reality can be reached, if not
in absolute, then at least in comparative terms. Our results are given in Fig. 13. We20

discuss the Vietnam case in more detail.

4.2 Vietnam case

The lowest budget for having sufficient understanding of groundwater recharge gained
in the actual research is reduced to almost 70 % of the expenses during implementation
(see Appendix A, Table A1). Rainfall measurement is a must for the input of the model.25
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The hydraulic properties of soil and infiltration test are important as well. The water level
measurement is required to get the ponding in the trench correctly. These costs are not
much compared to other measurements. Soil moisture measurement is removed from
the field campaign since it is not only expensive, but also the access tubes are prone
to be stolen by the local people. Isotope tracers are excluded, because the constructed5

observation wells were not suitable for groundwater sampling. In addition, the cost
for this analysis is considered to be expensive. On the other hand, isotope tracer is
beneficial and will provide signals as long as the observation wells would be better
constructed. A minimum of 3 observation wells are set, since it is the minimum or
triangle layout to get an idea on the groundwater flow direction. A short but sufficient10

period of measurements would be during the wet season, where the trench may be
filled with rain water.

Even though the cost reduction is high, the conditions to apply these methods could
remain uncertain. For example, when a researcher made a plan for scheduling the
starting point of measurement at the beginning of a wet season, no one would expect15

at first that negotiating with the local community was difficult, even though it decides
whether or not the intervention can be built or continued. There has to be willingness
from the community to provide land for the intervention. After several discussions and
meetings, a local to local approach was needed to convince stakeholders that the in-
tervention would be beneficial to the local community. However, no one could predict20

when and where it could be realized. If the decision to be made for construction was
delayed, the plan for hydrological measurements would have to wait until the next wet
season, which is after one year. And if there is a tension to install the measurement
devices for a “with and without” analysis, and the location shifts in time, new measure-
ment set ups have to be adjusted. These conditions will result in lost of data and time25

for the hydrological research. As such, the minimum budget is somewhat artificial. The
other way around, the big difference between the minimum budget and the actual bud-
get suggests that in the Vietnam case, negotiations on the intervention brought along
high costs.
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When more budgets would be available, Scenario 2 (see Appendix A, Table A2) could
expand the implemented program by constructing one new observation well and its
groundwater level measurements. Also the sampling period for isotope tracer is added.
The observation well should be placed in line with the existing wells and its screen
should be along the pipe, from near soil surface to the bedrock. It would be expected5

that the recharge can be more apparent where the signal of infiltrated rainwater can
directly infiltrate into the pipe. Thus, the groundwater fluctuation and sampling can
confirm the result of the implemented research.

In Scenario 3 (see Appendix A, Table A3), an 80 % increased budget gives options
for more applications and/or more advanced methods. Besides one new observation10

well and isotope samplings, three other wells should be constructed. The observation
wells should be placed at the small trench area. A possible advanced measurement
is by performing an Electrical Resistance Tomography (ERT) survey for subsurface
imaging. Several cross sections of the subsurface could be obtained during the dry
and wet period. By having these new wells combined with the analyzed ERT data, the15

hypotheses could be made more pronounced regarding the difference in groundwater
behaviour with and without the intervention structure.

4.3 Interview with experts

The results of the interview with the experts can be seen from Appendix B, Tables B1–
B3. Comparing the three cases, the Vietnam case had more options, due to better20

financial conditions than the other two cases. Considering Scenario 2, 70 % of the
experts believe an additional well and a 1 year continuation of the groundwater level
measurements, including isotope samplings and analysis, would result in similar data
collection to the implemented research. One expert considered that extra data might
even lead to confusion. Another period of 1 year data could be used for validation, thus25

might give more confidence. A very long data series, from two to about ten years of
groundwater level measurement would be very beneficial for better understanding the
mechanism of the recharge. In the Kenya case, 60 % of the experts value the out-
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comes of additional soil moisture measurement, extension of rainfall and NDVI images
as similar to the implemented research. The remaining 40 % think that new soil mois-
ture measurements could lead to additional understanding. For Indonesia, 90 % of the
experts think that the result of extending discharge measurement will not increase un-
derstanding. However, one expert says new data matter, as measurements could have5

been made during a very dry or very wet year.
In Scenario 3, with 80 % increase in budget, the value of measurements directs to

similar results as in Scenario 2, with some additional elements. For Vietnam, 80 % of
the experts say that Electrical Resistivity Tomography (ERT) measurements could in-
crease the understanding of mechanism of the recharge; provide more explanation of10

the disconnected groundwater system. Thus, it could potentially confirm the groundwa-
ter profile and the groundwater level during recharge. Performing ERT either during dry
or wet seasons sometimes yields results hard to interpret, since ERT is a static mea-
surement. In the Kenya case, 70 % of the experts say adding higher resolution of 10 m
might be sufficient to capture the greenness of the trenches. The images could be of15

importance to see a hypothetically constant greenness signal. Finally, for the Indone-
sia case, as a micro-hydro installation usually requires a minimum annual discharge,
a long-term discharge will be used for discharge statistics. 60 % of the experts be-
lieve that more discharge measurements at different locations with different soil types,
geology, and land uses, could improve our understanding, especially the discharge20

response of different catchment on different islands.
In summary, a research plan with 20 % increased funding (Scenario 2) appears to

obtain similar understanding as the reference result. On the other hand, an 80 % in-
crease in funding may be capable of gaining a better understanding, but realizing the
costly research plan for a small-scale intervention project may not be economic feasible25

and thus impossible to be implemented.
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5 Towards systematic planning

Despite all the problems we encountered in the three field research projects, we could
develop a good understanding of the hydrological impacts of interventions in three
different developing countries. In Vietnam, during the wet season, contour trenches
contribute to recharge, but only for short-term impact, up to two months. In Kenya,5

vegetation growth in the trench area as reflected in the signal of greenness index was
most likely due to the wet season, without a clear long-term effect from the trenches.
In Indonesia, the potential of micro-hydro capacity on Maluku islands ranges from 6 to
40 kW. In the three cases local people participated during the implementation of the
projects, both in the intervention and hydrological research. As a result, the field cam-10

paigns were not perfect in terms of hydrological standards. Measurement devices were
damaged, removed, disappeared or not located at the final intervention. In the end, we
ended up with less data of lower quality. Local participation and financial constraints
forced us to deal with research and intervention as interacting with and affecting each
other.15

As this setting is not unique to our three small cases, balancing intervention and
research is a general challenge. Tracing back the social reality and the way it shapes
research and intervention with the associated budget allowed us to gain more insight
into trade-offs between hydrological knowledge and hydrological research manage-
ment. Based on our experiences, we propose that planning ahead is posisble and20

propose a new, systematic perspective on how to prepare hydrological research for
a more effective way to implement small-scale water intervention research projects.
Being prepared for surprises due to human actions can be achieved by developing
scenarios that combine hydrological issues with cost-benefit analysis. Considering fi-
nancial costs and specific research objectives of small-scale interventions, options for25

field campaigns and analysis that could answer the research questions can then be
defined.
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Baiocchi and Fox (2013) suggest six key issues to be prepared for and respond to
surprises, (1) learn from experience: attract and retain the most experienced people,
(2) address the negative effects of surprise, (3) assess the level of chaos in the work
environment, (4) prepare for “third-party surprises”, (5) focus on building a network
of trusted colleagues, and (6) conduct regular future-planning exercises. Their recom-5

mendations confirms our ideas: planning for surprise requires proper understanding of
small interventions within their hydrological context and incorporating interdisciplinary
knowledge, learning, and local participation (see Karjalainen et al., 2013; Rodela et al.,
2012; Reed et al., 2010).

Similar to balancing development and conservation (Garnett et al., 2007), when fi-10

nancial constraints – and usually time as well – become important, a researcher should
be able to balance what he/she can and cannot do. Since budgets and time for a small-
scale intervention are usually limited, research should be well planned. In order to
include the costs of performing hydrological studies and the efficiency (effectiveness)
in planning for surprises, we discussed an approach applying cost-benefit analysis.15

Despite its simplicity, it appears to be a good way to quantify research efforts vs. the
(probable) outcomes. The options or scenarios of research were developed based on
the Delphi method.

The judgments on the outcomes were obtained from interviews with water experts.
Sharing options with other experts adds value to the preparation. Each scholar has20

his/her own preferences, and thus there is no single solution. This was shown during
the interviews with the experts, when they were forced to make a choice by pushing
their preference in grading the available field campaign options. Eventually, even when
incorporating experts’ inputs, we as a researcher will still have to make decisions and
will possibly select our own preferred choices. In the end, dealing with the local con-25

straints is a decision to be made by the researcher. However, by doing the two analyses
of scenarios and cost benefits continuously during planning and performing hydrologi-
cal research, one will be better informed to make decisions.
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The notion that the effects of human actions to be expected in hydrological field
campaign are basically unspecified does not imply that they could not adequately and
fruitfully be translated in specific planning, as we have shown. Taking into account hu-
man actions in planning field campaign for something that is usually seen as a single-
scientific activity implies that each field design should be tuned to the situation under5

consideration: a designer cannot come up with a standard solution. Paradoxically, in-
troducing such a multifaceted approach asks for hydrological researchers with higher
qualifications. Planned improvisation needs scientific expertise, as much as it requires
a specific attitude.
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Table 1. Cesium-137 analysis at the small (1 m wide) Trench Area.

Depth Cs (Bqkg−1) Cs (Bqkg−1) Cs (Bqkg−1) Cs (Bqkg−1) Cs (Bqkg−1)

(cm) R1 R2 U1 U2 U3 D3 T3 T4 D4 U4 U6 U5 D1 T1 T2 D2

5 1.98 1.87 < < < < 0.73 4.70 6.65 9.37 1.78 1.58
10 1.70 1.05 < < 0.74 < < 6.33 4.11 5.73 0.77 2.94 3.60
15 0.34 < < < < < < 2.82 2.38 < 0.37 3.40 <
20 < < < 0.61 0.56 < < 2.03 1.10 < < 3.44 <
25 < < < < < < 3.89 < 0.75 < < < 4.66 <
30 < < < < < < 7.69 6.48 < < < < 0.38 4.89 <
35 < < < < < < 8.89 6.48 0.64 < < < < 3.43 2.17 <
40 < < < < < < 5.84 8.31 0.64 < < < < 3.26 1.50 0.79
45 2.37 5.60 4.74 0.48
50 < 3.00 1.00
55 0.37 1.07 1.05
60 0.52 < <
65 < <
70 1.30
75
80
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Table 2. The top 10 potential capacity in Maluku Islands.

No. Catchment Discharge Head Potential
area (ha) (m3 s−1) (m) capacity

(kW)

1 2798 0.18 27 30-40
2 1811 0.12 22 16–21
3 1200 0.08 25 12–15
4 1445 0.10 20 11–15
5 760 0.05 31 9–12
6 779 0.05 28 8–11
7 978 0.06 21 8–11
8 544 0.04 35 7–10
9 912 0.06 20 7–9
10 483 0.03 33 6–8
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Table 3. Time periods of three hydrological intervention-based research projects.

Case study Intervention Hydrological research

Start End Start End

Vietnam Oct 2007 Sep 2008 Oct 2007 Mar 2011
Kenya 2002 2003 Sep 2010 Mar 2012
Indonesia Sep 2012 Sep 2013 Jul 2010 Oct 2011
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Table 4. (a) Vietnam case; hydrological research. (b) Vietnam case; intervention.

(a)

Procedure (the offi-
cial way of conducting
hydrological research)

Event or observation (an
indisputable happening)

Action (the process to-
wards an event)

Interpretation (giving
a meaning of the event
and/or action to research)

Period

Install two rain gauges Intermittent rainfall data – – Oct 2007–Mar 2011
Clogged rain gauges [#1] Need of checks and main-

tenance
Loss of rainfall data series Oct 2008

Logger failed to record
events [#2]

Tried to retrieved data
from manufacture com-
pany and manual mea-
surement

Loss of rainfall data series Dec 2009–Mar 2011

Install access tubes for
soil moisture measure-
ments

Loss of access tubes [#3] Substituted with new ac-
cess tubes

Loss of soil moisture data
series, extra costs for new
tubes

Sep 2008–Mar 2011

Check infiltration at the
bottom of the trench

– – – Sep 2009–Nov 2009

Measure soil porosity and
bulk density

– – – Oct 2007–Jun 2009

Measure infiltration ca-
pacity

– – – Oct 2007 and Apr 2009

Measure surface water
level in the trenches dur-
ing wet season

– – – Oct 2007–Nov 2009

Construct observation
wells

Loss of divers [#4] Perform manual mea-
surement

Loss in groundwater level
data series

Dec 2007

Improper screen instal-
ment for isotope sampling
[#5]

Nothing Possible misinterpretation
of isotope signal

Oct 2007 and Apr 2009

Construction before inter-
vention [#6]

Extra costs for construct-
ing new wells

A shift in location of in-
tervention requires more
measurements, thus
more cost

Oct 2007–Apr 2009
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Table 4. Continued.

(b)

Procedure (the common
way of intervention)

Event or observation (an
indisputable happening)

Action (the process to-
wards an event)

Interpretation (giving
a meaning of the event
and/or action to interven-
tion)

Period

Introducing the concept of
intervention to local au-
thority and community

Meetings Presentations and discus-
sions to obtain support

Needed an agreement
from local community

May 2006–Sep 2007

Constructing contour
trenches [#6A]

A monks’ organization
provided their land in
a size of 12 ha for inter-
vention

Larger trenches were
constructed on 8 ha area

Needed an agreement on
someone’s land to be in-
terfered

Oct 2007

After large contour
trenching, the monks’
organization refused to
continue construction on
their remaining land

Meetings and discussions
to convince the interven-
tion would be beneficial
for the community

Although the monks gave
permission for large con-
tour trenching, they did
not like the design

Nov 2007–Mar 2008

The proposer approached
other land owners

The proposer offered
a smaller contour trench
design

Negotiated on the design Mar 2008

A local farmer excepted
the smaller trench design

Construction of smaller
contour trenches on 1 ha
area

The smaller design was
tested

Apr 2008–May 2008

Other local farmers re-
quested smaller contour
trenching.

Construction of smaller
contour trenches on other
farmers’ land (10 ha)

The smaller design was
preferred

Jun 2008–Aug 2008

The monks’ organization
also provided their re-
maining land for smaller
contour trenching

Construction of smaller
contour trenches on the
remaining 4 ha area.

Overall in this particular
local community, a larger
design was not accepted.

Jun 2008–Aug 2008
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Table 5. (a) Kenya case; hydrological research. (b) Kenya case; intervention.

(a)

Procedure (the offi-
cial way of conducting
hydrological research)

Event or observation (an
indisputable happening)

Action (the process to-
wards an event)

Interpretation (giving
a meaning or impact of
the event to research)

Period

Install two rain gauges One rain gauge was dam-
aged by elephants and
thus removed by local
people [#7]

Information came very
late, thus arrangement for
reset up of the rain gauge
could not be performed

Loss of rainfall data series Sep 2010–Mar 2012

One logger failed to
record events [#8]

Tried to retrieve data with-
out success

Loss of rainfall data series Sep 2010–Mar 2012

Soil moisture measure-
ments to be conducted by
a local person

A long negotiation to start
measurement was not
successful [#9]

Established new connec-
tion with other local peo-
ple was not successful
too

Loss of soil moisture data
series

Sep 2010–Mar 2013

Loss of access tubes
[#9A]

Installed two remaining
tubes

Loss of soil moisture data
series

Sep 2010–Mar 2012

Used TRMM and NDVI
analysis

– – – Jan 2011–Mar 2011

Measure soil porosity and
bulk density

– – – Sep 2010

Soil sampling for Cesium
analysis

– – – Sep 2010
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Table 5. Continued.

(b)

Procedure (the common
way of intervention)

Event or observation (an
indisputable happening)

Action (the process to-
wards an event)

Interpretation (giving
a meaning of the event
and/or action to interven-
tion)

Period

Introducing the concept of
intervention to local au-
thority and community

Meetings Convincing local people
with success

Local people accepted
the design

2001–2002

Constructing contour
trenches

The majority of Maa-
sai supported contour
trenches

Trenches were first con-
structed in smaller dimen-
sion and furthermore in
larger ones

Easy to implement differ-
ent dimension of contour
trenching in this particular
area

2002–2006

After construction of large
contour trenches

– – – 2002–present
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Table 6. (a) Indonesia case; hydrological research. (b) Indonesia case; intervention.

(a)

Procedure (the offi-
cial way of conducting
hydrological research)

Event or observation (an
indisputable happening)

Action (the process to-
wards an event)

Interpretation (giving
a meaning or impact of
the event to research)

Period

Install two rain gauges One logger failed to
record events [#10]

Only counted on one log-
ger

Loss of rainfall data series Jul 2010–Jul 2011

Install two divers One logger failed to
record events [#11]

Only count on one diver Loss of water level data
series

Jul 2010–Jul 2011

Measure discharge using
dilution method and ve-
locity area

– – – Feb 2011–Mar 2011

Used DEM analysis – – – Apr 2011–Jun 2011

9540

http://www.hydrol-earth-syst-sci-discuss.net
http://www.hydrol-earth-syst-sci-discuss.net/12/9489/2015/hessd-12-9489-2015-print.pdf
http://www.hydrol-earth-syst-sci-discuss.net/12/9489/2015/hessd-12-9489-2015-discussion.html
http://creativecommons.org/licenses/by/3.0/


HESSD
12, 9489–9569, 2015

Systematic planning
of small-scale
hydrological

intervention-based
research

K. E. R. Pramana et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

Table 6. Continued.

(b)

Procedure (the common
way of intervention)

Event or observation (an
indisputable happening)

Action (the process to-
wards an event)

Interpretation (giving
a meaning of the event
and/or action to interven-
tion)

Period

Proposed intervention to
local authority and com-
munity

Meetings, permit issue,
estimation of micro hydro
budget and research on
its potential

– – Mar 2010–Jun 2011

Design suitable micro hy-
dro installation

Two plans were agreed;
first an installation of
about 80 kW and second
small kW was estimated
after the research

Search for extra funding
to meet the construction
cost

A decision had to be
made based on the avail-
ability of funding

Jul 2010–Jan 2012

Pilot result Research result suggests
little potential for micro-
hydro installation in a vil-
lage, but funding was still
not enough

Constructed micro-hydro
model for a local univer-
sity

The final intervention
shifted from a pilot to
a model

Sep 2012–Sep 2013
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Table 7. Evaluation of technical approaches: gain vs. expenditure in Vietnam case.

Parameter Method Gain Expenditure Problems

Process Model Labour Cost

Rainfall Tipping bucket ++ + +− +++ Clogging due to fine
sand and logger

Soil moisture TDR (with 8 access tubes) +− +− ++ +++ Prone to vandalism
Vertical flow path Dye tracer ++ ++ +− +− Destructive sampling
Soil physics Lab analysis ++ ++ +− + Point data, lack of

deeper samples
Infiltration capacity Inverse auger test ++ ++ +− + Point data
Water level Meter height reading +++ +++ +− +− Point data
Groundwater level Observation well +++ +++ + +++ Point data and divers

(reached bedrock depth) prone to vandalism
Isotope tracer Lab analysis +++ ++ + +++ Short period of sampling

Notes: (+) positive rating = greater gain.
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Table 8. Evaluation of the technical approaches: gain vs. expenditure in Kenya case.

Parameter Method Gain Expenditure Problems

Process Model Labour Cost

Rainfall Tipping bucket ++ + + +++ Logger and removal
TRMM (remote sensing) ++ ++ – – Low resolution

Soil moisture TDR (with 6 access tubes) +− +− +++ +++ Point data and prone
to vandalism

Soil physics Lab analysis ++ ++ + +− Sample composition
Greenness index NDVI (remote sensing) ++ ++ – – Low resolution
Erosion and Cs analysis ++ ++ + +++ Reference point
sedimentation

Notes: (+) positive rating = greater gain.
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Table 9. Evaluation of the technical approaches: gain vs. expenditure in Indonesia case.

Parameter Method Gain Expenditure Problems

Process Model Labour Cost

Rainfall Tipping bucket ++ ++ +− +++ Logger
Discharge Velocity area ++ ++ +− +++ Logger

Dilution gauging ++ ++ +− +− Short measurement
Head DEM (remote sensing) ++ ++ – – Low resolution

Notes: (+) positive rating = greater gain.
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Table A1. Scenario 1: to measure rainfall and groundwater level for a short period.

Parameter Method Amount/ In EUR In EUR
Samples Labour Cost

Rainfall Tipping bucket 2 +− 40 +++ 2015
Soil physics Lab analysis 6 +− + 238
Infiltration capacity Inversed auger test 8 +− + 75
Water level Meter height reading 13 + 720 +− 15
Groundwater level Observation well and 3 ++ +++ 5533

diver (reached bedrock)

Total I 760 Total II 7876
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Table A2. Scenario 2: to recheck the signal of recharge.

Parameter Method Amount/ In EUR In EUR
Samples Labour Cost

Rainfall Tipping bucket 2 +− 40 +++ 2015
Soil moisture TDR (with access tubes) 8 +++ 2160 +++ 4717
Vertical flow path Dye tracer 3 +− +− 10
Soil physics Lab analysis 6 +− + 238
Infiltration capacity Inversed auger test 8 +− + 75
Water level Meter height reading 13 +− +− 15
Groundwater level Observation well and diver 7 + 1 ++ +++ 13 893

(reached bedrock)
Isotope tracer Lab analysis 116 + 116 + +++ 1856

Total I 2200 Total II 22 819

9546

http://www.hydrol-earth-syst-sci-discuss.net
http://www.hydrol-earth-syst-sci-discuss.net/12/9489/2015/hessd-12-9489-2015-print.pdf
http://www.hydrol-earth-syst-sci-discuss.net/12/9489/2015/hessd-12-9489-2015-discussion.html
http://creativecommons.org/licenses/by/3.0/


HESSD
12, 9489–9569, 2015

Systematic planning
of small-scale
hydrological

intervention-based
research

K. E. R. Pramana et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

Table A3. Scenario 3: to map the subsurface.

Parameter Method Amount/ In EUR In EUR
Samples Labour Cost

Rainfall Tipping bucket 2 +− 40 +++ 2015
Soil moisture TDR (with access tubes) 8 +++ 2160 +++ 4717
Vertical flow path Dye tracer 3 +− +− 10
Soil physics Lab analysis 6 +− + 238
Infiltration capacity Inversed auger test 8 +− + 75
Water level Meter height reading 13 +− +− 15
Groundwater level Observation well and diver 7 + 4 + +++ 18 909

(reached bedrock)
Isotope tracer Lab analysis 116 + 116 + +++ 928
Subsurface mapping ERT 4 2000 +++ 10 000

Total I 4200 Total II 36 907
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Table A4. Scenario 1: to use remote sensing data.

Parameter Method Amount/ In EUR In EUR
Samples Labour Cost

Rainfall Tipping bucket 2 + 120 +++ 1305
Remote sensing analyis – –

Greenness index Remote sensing analysis – –

Total I 120 Total II 1305
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Table A5. Scenario 2: to retry one year soil moisture measurement.

Parameter Method Amount/ In EUR In EUR
Samples Labour Cost

Rainfall Tipping bucket 2 + 120 +++ 1305
Remote sensing analysis – –

Soil moisture TDR (with access tubes) 6 +++ 2880 +++ 4990
Soil physics Lab analysis 8 +− 40 +−
Greenness index Remote sensing analysis – –
Erosion and sedimentation Cs analysis 128 + 100 +++ 1699

Total I 3140 Total II 7994
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Table A6. Scenario 3: to maximize remote sensing analysis.

Parameter Method Amount/ In EUR In EUR
Samples Labour Cost

Rainfall Tipping bucket 2 + 120 +++ 1305
Remote sensing analysis – –

Soil moisture TDR (with access tubes) 6 +++ 2880 +++ 4990
Soil physics Lab analysis 8 + 40 +−
Greenness index Remote sensing analysis – –
Erosion and sedimentation Cs analysis 128 + 100 +++ 1699
High resolution greenness index Remote sensing analysis – +++ 8400

Total I 3140 Total II 16 394

9550

http://www.hydrol-earth-syst-sci-discuss.net
http://www.hydrol-earth-syst-sci-discuss.net/12/9489/2015/hessd-12-9489-2015-print.pdf
http://www.hydrol-earth-syst-sci-discuss.net/12/9489/2015/hessd-12-9489-2015-discussion.html
http://creativecommons.org/licenses/by/3.0/


HESSD
12, 9489–9569, 2015

Systematic planning
of small-scale
hydrological

intervention-based
research

K. E. R. Pramana et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

Table A7. Scenario 1: to measure discharge of one river for one year.

Parameter Method Amount/ In EUR In EUR
Samples Labour Cost

Discharge Velocity area (diver) 3 +− +++ 1500
Dilution gauging +− +− 25

Head Remote sensing analysis – –

Total I 50 Total II 1525
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Table A8. Scenario 2: to investigate discharge of another river.

Parameter Method Amount/ In EUR In EUR
Samples Labour Cost

Rainfall Tipping bucket 2 +− 50 +++ 1990
Discharge Velocity area (diver) 3 + 2 +− +++ 2500

Dilution gauging +− +− 25
Head Remote sensing analysis – –

Total I 50 Total II 4515
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Table A9. Scenario 3: to investigate discharges of four other rivers.

Parameter Method Amount/ In EUR In EUR
Samples Labour Cost

Rainfall Tipping bucket 2 +− 50 +++ 1990
Discharge Velocity area (diver) 3 + 8 +− +++ 5500

Dilution gauging +− +− 25
Head Remote sensing analysis – –

Total I 50 Total II 7515
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Table B1. Vietnam case; the experts‘ opinions.

No Title Institution Scenario 2 Scenario 3 Other suggestions

Grade Remarks Grade Remarks Remarks

1 PhD Utrecht University 7 Seasonality is already in-
cluded

7 Disadvantage: profiles
measured only one time

Require 10 year groundwater
level data

2 MSc Delft University 8 Measure for at least
2 years

8.5 Model only tests hypoth-
esis. Measurements al-
ready answered the re-
search question

–

3 MSc Delft University 7 Isotope is an advance
method with good result

7 One time measurement
equals to nothing

To study the unsaturated zone,
to measure rate of recharge us-
ing SM sensors etc

4 PhD Delft University 8 Need validation and try to
get more confidence or to
decrease uncertainty. But
it could even lead to con-
fusing results

8 Hard to interpret Depending on Ks and soil mois-
ture. Challenging (qualitative re-
sult): infiltration test and surface
water measurements

5 PhD Delft University 7 Sceptic 8 – –

6 Prof UNESCO-IHE 7.5 – 8 – –

7 PhD UNESCO-IHE 7.5 – 8 Increase resistivity of wa-
ter by injecting sodium
chloride

More artificial tracer, (yellow
dye), soil moisture measure-
ment below the trench (use
cheap sensors like Decagon).
A need of timely scale measure-
ments or time laps measure-
ments

8 PhD Delft University 8 – 8 – Previous measurements were
already sufficient

9 MSc Eindhoven-Deltares 7 – 8 – It would be an advantage to
have 3-D

10 PhD Delft University 7.5 – 8 Expensive (cost magni-
tude about EUR 10 000 to
30 000 for a 5 m interval)

Geophysical approach for spa-
tial information. Soil type anal-
ysis, ground radar method, and
1–2 points tracer (pollution)
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Table B2. Kenyan case; the experts‘ opinions.

No Title Institution Scenario 2 Scenario 3 Other suggestions

Grade Remarks Grade Remarks Remarks

1 PhD Utrecht University 7 NDVI related to temper-
ature, LAI, but does not
correlate to soil moisture

7 – Try FPAR (Fractional Photosyn-
thetically Active Radiation)

2 MSc Delft University 7.5 – 8.5 – Soil temperature measurement
to estimate evaporation.

3 MSc Delft University 7 Enough 7 Enough –

4 PhD Delft University 8 – 8 – Aerial photos, LAI (although it is
difficult)

5 PhD Delft University 8 – 8 – Try to measure discharge, mod-
elling the impact of soil moisture
and transpiration

6 Prof UNESCO-IHE 8 – 8 – Discharge measurements
(notches) to close the detail
water balance, micro station
especially evaporation

7 PhD UNESCO-IHE 7 – 7.5 – Plant’s physiological effects like
water stress.

8 MSc Delft University 7 – 8 – A higher resolution is usually
better.

9 MSc Eindhoven-Deltares 8 – 8.5 – –

10 PhD Delft University 7.5 – 8 Try to see sub pixel Pixel variability (to minimize the
interval of images). Sensors for
spectrometer through cable trol-
ley/station and aerial photos (for
more detail images)
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Table B3. Indonesian case; the experts‘ opinions.

No Title Institution Scenario 2 Scenario 3 Other suggestions

Grade Remarks Grade Remarks Remarks

1 PhD Utrecht University 7 Absolut value is enough 7 – –

2 MSc Delft University 7.5 Reach a statistical infor-
mation of regime

7.5 Reach a statistical infor-
mation of regime

–

3 MSc Delft University 7 – 7 – –

4 PhD Delft University 8 With more data we can
get new or not increased
understanding

8 Spatial information is im-
portant

Integrate geology and other
point measurements at other
rivers

5 PhD Delft University 7 Hydrology engineering 8 Measure at more various
areas. Start by investigat-
ing maps of the different
factors; geological, topo-
graphical, vegetation, and
boundary condition.

More variability means more
recommendation to result in
a catchment classification with
certain discharges, but maybe
diverse catchments are de-
pended only on landscape and
geology

6 Prof UNESCO-IHE 7 – 8 – Higher resolution of DEM.

7 PhD UNESCO-IHE 7.5 – 8 – Maps or information on inter-
net: meteorological data (rainfall
and temperature) DEM, soil, ge-
ology, and land use. Multiple re-
gression (Q)

8 PhD Delft University 7 – 8 – Map of the basin. Field survey
on all potential places based on
the distance from the village etc.
Socio-economic studies to an-
swer where to build a MHPP.

9 MSc Eindhoven-Deltares 7 – 8 – Geology and land use map.

10 PhD Delft University 7 – 7 – Not important in hydrological
science, but just as hydrological
measurement. If one goes for
uncertainty, then a long time se-
ries is needed. A flume (which
will be costly) is an option to
measure the Q.
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Figure 1. The location of the trenched area, rain gauge, and constructed wells. The study area
is the shaded area on the lower map. Source: local produced map and Google Earth.
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Figure 2. Schematization of the runoff entering the trench area.
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Figure 3. The ground surface, interpolated subsurface layer, and groundwater levels.
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Figure 4. Simulation result with main Ks 7 cm day-1, porosity 11%, BC Ks 1 cm day-1, and 3 

threshold 11  m. 4 

Figure 4. Simulation result with main Ks 7 cmday−1, porosity 11 %, BC Ks 1 cmday−1, and
threshold 11 m.
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Figure 5. The δ18O and δ2H composition in groundwater at Well 4.
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Figure 6. Location of studied contour trenching in Amboseli, Kenya (red dashed line). Source:
Google Maps. Left bottom picture: an impression of greenness in the trench area during wet
season.
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Figure 7. The “small” contour trenches (about 2 ha) in Amboseli. Blue squares are the trenches,
brown lines are the stone walls, and red diamonds are the soil sample locations. The thick-
nesses of sedimentation in the trenches are measured from cross sections A-A and B-B.
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Figure 8. The difference of NDVI values of with (WT) and without trenches (WOT) compared to
monthly rainfall. The correlation between TRMM and NDVI of WT1 and WT2 are correlated at
the right side.
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Figure 9. The result of merged and processed DEM tiles on Maluku islands.
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Figure 10. The locations of potential micro-hydro in Buru and Seram island.
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Figure 11. The scale of community participation. Source: Srinivasan (1990, p. 162).
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Figure 12. The implemented intervention based on the scale of community participation of
Srinivasan (1990).
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Figure 13. Summary of three cases; left panels: Scenario 2, right panels: Scenario 3.

9569

http://www.hydrol-earth-syst-sci-discuss.net
http://www.hydrol-earth-syst-sci-discuss.net/12/9489/2015/hessd-12-9489-2015-print.pdf
http://www.hydrol-earth-syst-sci-discuss.net/12/9489/2015/hessd-12-9489-2015-discussion.html
http://creativecommons.org/licenses/by/3.0/

	Introduction
	Three small hydrological research projects
	Vietnam case: contour trenches for artificial recharge in Ninh Thuan province, Vietnam
	Introduction
	Site description
	Material and methods
	Result and discussion
	Conclusion

	Kenya Case: the impacts of contour trenches in Amboseli, Kenya
	Introduction
	Site description
	Material and methods
	Result and discussion
	Conclusion

	Indonesia Case: the potential of micro-hydro power plants on Maluku islands, Indonesia
	Introduction
	Site description
	Material and methods
	Result and discussion
	Conclusion


	Human actions towards intervention and hydrological research
	Planning for surprises in hydrological research
	Scenarios
	Vietnam case
	Interview with experts

	Towards systematic planning

