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—— Cultivating a new paradigm of integrated farming as mitigation of air pollution in Chiang Mai, Thailand

Urban Ecology Lab
Lei Qi
5545951
First mentor: Nico Tillie
Second Mentor: Remon Rooij



MOTIVATION
Global Air Quality

Global Air Quality (concentration of PM2.5)

Average PM 2.5 (mg/m2)

>18

10 WHO guideline

<2

Data source: ArcGIS Online, httos.//www.arcgis.com/home/webmap/\viewer.html?webmap=eb0e308616054554a84b 7cd02 7ae9c29



Chiang Mai, Thailand

¢¢

Chiang Mai is
large city large cultivated area Air Quality in Thailand
in Thailand. in upper northern of Thailand. (Pl 2 Leneent 2itiens)

Chiang Mai is the city in a valley; the mountain
landscape and that Ping River is laid from north
to south make only

30%

suitable for
settlement and agriculture

, ’ Photo by Pim Kemasingki | Thu 1 Nov 2018
Data source. ArcGIS Online, https.//www.arcgis.com/apps/mapviewer/index.htm/?webmap=eb0e3086f6a054554a84b 7cd02 7de9c29 3
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PROBLEM STATEMENT
BURNING SEASON
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Lead to severe consequences on both environment and human health

Biodiversity loss
Bad health & early death

PROBLEM STATEMENT
A Cascade of Effects

In 2019, 99% of the world population was As a multiple of the WHO's guideline (5 pg/m?)
living in places where the WHO's strictest ‘EQGXL L 3-5_7_

2021 air quality guideline levels were not
met.
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Stroke Chronic Type 2 Tracheal, Ischemic heart Lower Neonatal
obstructive diabetes bronchus,and disease respiratory disorders
pulmonary lung cancer infections
disease

27 pg/m? 46 deaths per 100,000 people

each person's annual mean exposure
—5.4 times WHO's guideline.
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attributable to fine particle pollution in 2019
(32,211 in total in the country).



RESEARCH QUESTION

VISION + STRATEGY

A
I
I
I
I

|. How does a regional strategy framework incorporate regional landscape system and local agricultural system to control air pollution?

2. How to cultivate a new relationship between farmland and urban expansion that provides a sustainable crop production network?

How to cultivate a new paradigm of integrated farming practice as mitigation of
air pollution in Chiang Mai through tailoring sustainable agriculture system and
sustainable landscape framework in the context of southeast Asia?

5.What is the most efficient local vegetation species and planting pattern to remove air pollution in urban area?

3.What kind of sustainable production mode can improve the living
conditions of local residents without harming the ecological environment?

I
I
I _ .
| P 4.What kind of sustainable cultivation pattern of crops can be practiced
| - in farmland in the context of Southeast Asia?

I

I

v &«

SITE 1 + SITE 2



Regional scale
Regional strategy framework
Regional vision

Local scale
Sustainable production mode
Sustainable planting pattern

New paradigm of urban farming

On-site scale
Streetscape
Home garden

TOURISTS

METHODS

10
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Strategy Framework and Evaluation Strategy for Sustainable and
Guideline to Establish Balance Self-sufficient System

Between Human and Nature

Community
Supported Agriculture

Ecopolis
Sybrand Tjallingii

| B | |
- | - -

The Restorative

Fiue- e oach Continuum Concept
Sven Stremke
George Gann

Methodological Framework for Approaches and Tools for Effective
Long-term Regional Design Restoration for Species and Habitats

STRUCTURE FRAMEWORK STRATEGY

R e e e e e e e e

THEORETICAL
FRAMEWORK
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THEORETICAL
FRAMEWORK

Ecopolis Five-step Approach
Sybrand Tjallingii Sven Stremke

Strategy Framework and Evaluation Guideline to Methodological Framework for
Establish balance Between Human and Nature Long-term Regional Design

external context scenarios

THE RESPONSIBLE CITY THE PARTICIPATING CITY THE LIVING CITY 5 5 51t tratihe pastilis o Eufiren i
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What causes severe hazge in urban avea?



Social Factors

Burning Agricultural Residues Hunting Hed Thob Mushroom
OPEN BURNING FOREST FIRE

agriculture

agriculture area 2NN T < ! Vg “ Ale ot Y Ny o RGN - forest area




Social Factors

Slash and Burn Agriculture Hunting Wild Animals
FOREST FIRE

forest area forest area

15



And why does it have lasting impacts?



Environmental Factors

1 Topography Land Use (Urban Expansion) 2

This mountain-valley topographical type Citizen get affected easily because residential

limits the dissipation of air pollution area are mixing into agriculture area

|
|
|
|
|

|
Chiang Ma'pi Province
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Environmental Factors

Canopy Cover Biodzversity

Few trees in urban area to
absorb air pollutants

Biodiversity loss weakens the ability
to absorb air pollution

LEGEND

ELEVATION_ Chiang MaiProvince
Bl <=400

[ 400-700

. ]700-1000
[7]1000-1300

Bl > 1300

0 50 100 km




Why was this issue not addressed before, or was it?



start to occur.

It can destroy the surface of soil and kill
earthworms. Nevertheless, we need to
burn because our rice might be infected
with disease

When | drive a vehicle outdoor or when
| go to the rice field, the symptoms will

will we keep rice straws?

When we burn, we make firebreaks

If we do not burn residues, where

to control the fire.

Around April, | usually have
eye irritation.

Planning & Policy Context

It has become a way of life. It happens
every year. What will be, will be. There is
nothing we can do about it.

20



PAST

......
------

Subsistence Agriculture

1980s
%

1961

Shift in policy:
Agriculture products export

% E] sy /‘-lég:

2 cvas B éa

f(((_

NGOs: Promoting sustainable agriculture

1991

NGOs: Promoting organic agriculture

1997

National Fire Haze Control Plan of Action

2004

National Master Plan for Open Burning

(2004-2009)

2005

Government agencies:
Focusde on organic agriculture

2007

Zero Burning Measure

@

Planning & Policy Context

2015

Northern Haze Prevention & Mitigation Plan
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Planning & Policy Context

It can destroy the surface of soil and kill

When | drive a vehicle outdaor ar when earthworms. Nevertheless, we need to

1o to the rice field, the symptoms will burn because our rice might be infected

start to occur. with disease

NGOs: Promoting sustainable agriculture
If we do not burn residues, where TN AR
When we burn. we make firebreake will we keep rice straws? It has become a way of life. It happens PAST N é€1§ 2005
to control the fire. every year. What will be, will be. There is . . o = G !
nathing we can do sbout it Subsistence Agriculture Fousdeonorgaicagrture
~ . . .
2Rz ﬁ 5@ NGOs: Promoting organic agriculture
S S Y

1961 2007

Shift in policy: Zero Burning Measure
)‘ Agriculture products export 1 9 9 7 )
s B 4 me National Fire Haze Control Plan of Action Zh
g ey x0 & 2015
2 004 Northern Haze Prevention & Mitigation Plan

National Master Plan for Open Burning
(2004-2009)

A Ban That's Never a Ban!

Inadequate and
inefficiently implemented
policies

Lack of public awareness
regarding health impacts of
open burning and haze

Lack of expertise and
technology dealing with
organic waste




TOWARDS A VISION

Zoom into
Regional Site

vince

Pro

N
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N

M.

Chiang

ai City

M.
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TOWARDS A VISION
Zoom into
Regional Site

FOREST

alréa

AGRICULTURE

alréa

URBAN

area
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TOWARDS A VISION
REGIONAL ANALYSIS

or Rice Field

Distribution of Rice Field ; EH Suitability f

¥ V gy

rice field

high suitabilty

low suitabilty

2 ¥

Rice leftover is burnt in rice field Analysis of rice suitability for better land use

CD 0 10 20km Data source. https.//agri-map-online.moac.go.th/ 25




10

Fire Hotspot in Forest Pl
. S

= . o

The fires basically occur in the fringe of the forest,
surrounding urban area.

TOWARDS A VISION
REGIONAL ANALYSIS

ace in City

A5,

Green Sp

20km

Low rate of greening in urban area obviously has very little capacity
to capture air pollutants generated around.

Data source. https.//www.openstreetrmap.org/ 26



TOWARDS A VISION
Conclusion from Analysis

FOREST

damaged Biodiversity
undiversified

AGRICULTURE

Promote Sustainable
monocultural Agriculture
unsustainable

URBAN

ungreen
air polluted

Improve Green
Coverage




VISION

FOREST

Regenerative scenario

P

agroforestry
intensive agriculture

active restoration
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Create Partnerships among
Farmers, Government and NGOs

GOVERNMEN
T

A

GOVE RNMENT

Provide policy support and appropriate incentives
. Provide financial and material support
. Complement technical and facilitation needs
. Facilitate marketing link
. Encourage diversification of agricultural production

v

NGO

. Share information on appropriate technologies

. Provide expertise in multiple fields

. Launch community-level campaign or advocacy

. Link local knowledge and scientific knowledge systems

FARMERS

FARMER

Share knowledge, skills, and low-cost material

I‘

. Committed to resoutce conservation
. Share experience and draws local supports
. Adapt and innovate agroforestry technologies

STRATEGIES

Reconfigure Relationship between

Farmland and Urban Development

CURRENT

Scenario

Urban area Agriculture Forest

Urban area and agriculture area are merging,
and farmlands are invading forest

INTEGRATED

Farming Scenario

mm ‘
Urban area Agriculture Forest

Introducing agroforestry and urban farming,
more green in urban area

29
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STRATEGIES

Apply Active Restoration Methods
for Biodziversity Recovery

Direct seeding
Tree seedling planting

Tree transplantation

FOREST

Regenerative scenario

P

20km




STRATEGIES

Rehabilitate with Agroforestry as
an Alternative to Agriculture

Forestry + Agriculture

Forestry + Livestock
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Forestry + Mushroom farming
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STRATEGIES

Improve Green Coverage and
Build Green Network

Green corridor as filter
Urban farming

Urban greening

URBAN

Haze-free Scenario

QOO
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STRATEGIES
Synthesis &Zayers
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Current situation

Proposed scenario - 5 years

Improvements have been made in
reducing fragmentation, leading
to a potential enhancement in air
quality. This progress can be
attributed to the decrease in open
burning and forest fires.

Proposed scenario - 20 years

The ongoing efforts to address
fragmentation have resulted in
further improvements. As a result,
air pollution has become a thing of
the past, even during the burning
season.

STRATEGIC
POSITIONING
& PHASING




STRATEGIC
POSITIONING
& PHASING
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STRATEGIC
POSITIONING
& PHASING
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STRATEGIC
POSITIONING
& PHASING
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SITE

L

PILOT PROJECT 1 |

Forestry + agriculture [Agroforestry
SITE1 RU RA L Forestry + livestock [Agroforesiry]
Forestry + mushroom farming

|
|
" (Agroforestry) |
|
|

6L

A )
ESTRY + AGRICULTURE|
p, =

SITE 2

GREEN CORRIDOR

3

—_—_,—————————

PILOT PROJECT 2

Local farmer market (Susiainable
production mode)

RBA N Community farm (Urban farming)
Streetscape (Urban farming and

greening)

38



OREST RESTORATION

N

PILOT PROJECT 1

Forestry + agriculture

Forestry + mushroom farming

I
I
SITE1 Forestry + livestock :
I
I

Agroforestry
| Forestry + Agriculture

Choeng Doz, Dot Saket District

Agroforestry
Livestock

Agroforestry
Forestry + Mushroom farming

39
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DESIGN PRINCIPLE
Actors analysis
& Potentials

> ® ~":a. n . =
B — B MR W

Farming Harvesting Composting Selling

FARMERS

T Define and activate the border of

“ ‘ m} [ J:: . ! ', Z Z Z. ‘ 2
“;\,///‘ﬁ}m o Era o Q@gé%,* o @@ agriculture land and villages

T

RESIDENTS Inhabiting Purchasing Recreation Education
£ B R
__,“’ & - 3 < i !“-1 »
5 3 3¢ P35 3
e — 9 — &G A ol |
R rvis & A iy g @
Recreation Education Consuming 3 Q : ': .‘7' 1Y = 0.8
TOURISTS ‘: 'S ) A, \\‘ , ey
& ................. g
° s,
® W Make the landscape more ﬂ
> 1R — Er — 4 v ’ ible by introduci
i T accessible by introducing a Increase the ecological
Experiment Sharing Recycling recreational pedestrian and value of agriculture are:
WORKERS cycling network
(From NGOs!
Link green space with residential area Canal structure as ecological corridor Reuse organic waste for other uses, such

with space for water and biodiversity as composting and energy production 42



Native Shade Trees Banana Crop STRATEGIES

Air filtration Air filtration Sustainable revenue stream R | c E - B AS E D
CO2 removal Sustainable revenue stream Local food source
Nutrient cycling Local food source AGROFORESTRY

Water retention
Soil retention

Spring Summer Autumn Winter

Sucker Removal

Leaf Removal

Harvesting

Branch Removal

Collecting straw

a3



~with shade trees

Existing-banana farm

STRATEGIES
CACAO
AGROFORESTRY

Biodiversity improves

2-3years after planting, cacac-and-

" shade trees outcompete the Banana .- o

44



Biodiversity improves

Mature shaded coffee
- agroforestry system::

STRATEGIES
COFFEE
AGROFORESTRY

45



DESIGN PRINCIPLE
Growth Stages &

Growth Stages Growth Conditions

1-2 years 2-5 years 5-25 years

4-6 months 6-12 months 12-24 months

o f !

5m

1-3 years 3-7 years 7-27 years

f !
Coffee plant

4m

Cacao tree

| s —

“Banaria mat comprising;
. :mother, daughter-and -

.- .grand-daughter ..

I-.ﬁil"ﬁé.tiu&jé mother -
with'daughter - -

2 2 (N

2 2 (N

sunlight / well-draining soil keep soil moist windproof dappled/partial well-draining soil keep soil moist windproof dappled/partial well-draining, high altitude
partial shade rich in organic shade rich in organic shade nutrient-rich soil
matter matter
no water- large and no clay no water- shallow
logging root

logging board leaf
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PRODUCTION
< IMPROVE SUSTAINABILTY AND
Jﬁ. RESILIENCE O AGRICUTURE_ ©@),
\\\\\\mm/// ®
o e
Agroforestry § ‘é Experiment and
E; lll‘\\ § sharing experience
_’._;i%_ / ’/lrrmln\\\\\
Open space
\\\\\uu////// g, Composting
RECREATION 5 @' Zg 5 2% RECYCLING
THFROYE WELL-EEING = j{ COMMUNITY < CLOSE THE RESOURCE LOOP ’

DA ¥ /’///Hn\\\\\\\\\ ////’////mm\\\\\\\\\\\\

¥
“Q\h SUPPORTED
ey / \\ Recycling for

Agro-tourism AG RI cU LTU RE energy production
\\\\\mw/u/ \\\\\\mmr/,,
DISTRIBUTION S & %,
SHORTEN = lu » 2 $ L =
INDUSTRYCHAIN = ( &) = S @,) = A
increase the income of Z e,__.“ 5 %,/ § _—

local farmers S
////mnvm\\‘\

Q EAEILA
— nn%n
usl
No transportation x
No packing
and storage

—

Local farmer market
/’///mnm\\\‘\

CONSUMPTION
ot

GUARANTEE FOOD SAFETY
Organic food

TOWARDS A SELF-SUFFICIENT SYSTEM

STRATEGIES
Community Supported Agriculture
& Organic Waste Management

47



oo

oo

MASTERPLAN
A Self-sufficient
Agro-ecosystem

Slope gnglysis

[0)

T
ol ioandss
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waste-to-energy facilities

ENERGY FLOW

’ MASTERPLAN
FLOW
THE RESPONSIBLE CITY

.

s e DY &

o~ CROP RESIDUE MANURE
J LIVESTOCK

|

AGROFORESTRY WASTE-TO ENERGY FACILITY
-
oL J
‘
COMPOSTING
FE—
—_—

FERTILIZER

@

ORGANIC

DIGESTATE BIOGAS PRODUCTION VILLAGE
SUSTAINABLE FLOW
MANAGEMENT
\”‘\a
waste-to-energy . recycling &
facilities composting center

.
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MASTERPLAN

SITE/AREA
THE LIVING CITY

@

\
r—9\%

2

SUSTAINABLE USE OF

&

P

A\

farmer market

pavilionin field

boardwalk in field

AREA WITH POTENTIAL

RECREATIONAL
NETWORK

pavilion in field

corridor with recreational

function
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HOW TO IMPLEMENT IT IN CHIANG MAI?

participatory design guideline and bottom-up approach

MASTERPLAN

PATICIPANTS
THE PATICIPATING CITY

770N

SUSTAINED COMMITMENT TO
ECOLOGICAL RELATIONSHIP

Incentives and
Policy Support:

Advocate for supportive policies, regula-

tions, and incentives, and involve all stake-

holders especially farmers in decision-mak-

ing processes to ensure the implementation
of agroforestry.

ol

Education and
Awareness

Collaborate with local research institutions

and university such as Chiang Mai University

to provide farmers with up-to-date informa-

tion, best practices, and case studies related
to agroforestry.

02

Field
Demonstrations

Organize workshops, training programs, and
to educate farmers about the principles and
benefits of agroforestry.

03

Pilot
Projects

Establish demonstration plots or pilot proj-

ects in collaboration with willing farmers to

showcase the potential of sustainable agri-
cultural practices such as agroforestry.

04

Community
Engagement

Promote the sharing of success stories and

highlight the economic benefits of agrofor-

estry, such as increased crop yields, and ad-

ditional income streams from timber; fruits,

or mushroom from farmers who have suc-

cessfully transitioned to agroforestry, serving
as role models for others.

05
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Zoom-in 1
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RICE-BASED AGROFORESTRY
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Phase 1

Phase 3

PROCESS
PLANNING
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Above the Rice

SCENARIOS

THE FIRST PHASE

61



SCENARIOS
THE SECOND PHASE

Lzvestock Observation

<os3e 3505050
35893930590032093:
232920222025200056

3

SR

st o * :

R

ROTATION
Between Grazing
& Cropping

Provide food and
| shade for livestock

/'J‘i )

MANURE
As Organic Fertilizer

N

SOIL NUTRIENT
CYCLING

62



Mushroom Safar:

MUSHROOM
CULTIVATION
STRUCTURE

Upright A-frame

MUSHROOM
FACTSHEET

Oyster Mushroom
Pleurotus spp.

Shimeji Mushroom
Hypsizygus tessulatus

H o

O

=

Shiitake Mushroom
Lentinula edodes

&2

Straw Mushroom
Volvariella volvacea

SCENARIOS
THE THIRD PHASE

Plant Associates

chestnut birch

S

maple

Wild Nutrient Sources

Bl
S
Lignin Cellulose
(hardwood (agricultural
trees) waste)
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SCENARIOS
THREE PHASES

Above the Rice Lzvestock Observation Mushroom Safare




Existing - 1 year cyclic

Traditional agricultural system

With intervention - 1 year cyclic

Sustainable agricultural system

SYSTEM

Ecologically

soil fertility AV

air pollutant W
biodiversity /\’

Economically

production

(rice, banana, M

maybe timber)
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PILOT PROJECT 2
A VIBRANT SOCIAL-ECOS

SITE 2

PILOT PROJECT 2
Local farmer market
Community farm (Urban farming)

Streetscape (Urban farming and
greening)

San Phranet, San Sat District

Urban greening

66



San Phranet, San Sat District

edge and buffer voids

Infrastructure voids

CONTEXT
Under-utilized
Urban Voids

vacant plot

67



— @
< Q.
Je
= 3

]
O e
O m©
|

§e)
c
©
0
(]
¥
—
=
o
0
(]

o

Potentials

Banana orchard

Mae Khao river

Lake

The woods

Irrigation cannal

Wat Mae Khao (Buddhist temple)

Home garden
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RESIDENCE
GARDEN

[ D ACCESS POINT

COMMUNITY
GARDEN

ACCESS Pﬂ!)

FACILITIES

a4

PRODUCTIVE
INSTITUTION

PRODUCTIVE
STREETSCAPE

NEIGHBOURHOOD URBAN FARM
FARM

ACCESS POINT

MARKET

FACILITIES

.

ACCESS POIN

learning center

experimental farming
workshop

local market

STRATEGIES
Urban Farming
Elements

planting box
community garden
home garden
productive streetscape

neighborhood farm
farmer market
green house
products exhibition
productive rooftop



STRATEGIES
Spatial Structure

GREEN NETWORK URBAN FARMING COMMUNITY CONNECTIVITY

Improve functionality and connectivity of green Introduce urban farming system to activate urban Enhance community connectivity by improving
space by preserving the ecological function and void and enhance green coverage mobility system and connecting urban farming
building vibrant recreational green corridor areas
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MASTERPLAN
A Vibrant Social-
ecosystem
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Urban Farming



/00M-IN 1
Dynamic Hub for

Urban Farming
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Dynamic Hub for

Urban Farming
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Z00OM-IN 1

Activator of Open Space
Transformation of abandoned structure

garlic vegetable tomato

=
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eggplant cucumber chili pepper
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— - Farm Lab =
- Experimental Farming

DIY Farm to Table
Garden Edible Crops [ 7

S == | Buffer
F =" | NewPlanted Trees
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Community
Farm Y




Zoom-in 2

Productive Streetscape
in Residential Area



/00M-IN 2
Productive Streetscape
Area
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How does a regional
strategy framework
incorporate regional

and local agricultural
system to control air

pollution?

CONCLUSION
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CONCLUSION
SUB 2

CURRENT INTEGRATED

Scenario Farming Scenario

L1 1] ] oom
HEE EEEEEEE
Urban area Agriculture Forest

Urban area Agriculture Forest

Introducing agroforestry and urban farming,

Urban area and agriculture area are merging,
more green in urban area

and farmlands are invading forest

Define the Boundary of Encourage Mixed-use Promote urban farming
Urban and Agriculture Area Development and urban greening

How to cultivate a
new relationship
between farmland

and urban expansion
that provides a
sustainable crop
production network?
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CONCLUSION
SUB3 & 4

PRODUCTION

- o IMPROVE SUSTAINABILTY AND
RESILIENCE OF AGRICULTURE ®©®
** Rl
n
_ |

RECREATION
IMPROVE WELL-BEING =

COMMUNITY

‘ég\l SUPPORTED
gl \ AGRICULTURE

DISTRIBUTION
SHORTEN
INDUSTRY CHAIN

nnnnnnnnnnnnnnnnn

CONSUMPTION

Q 3 &}f' GUARANTEE FOOD SAFETY
By A

Orgaric food

il

Agroforestry + Intensive Farming Community Supported Agriculture (CSA) Organic Waste Recycling

- Agroforestry —> local market - Short chain

- Composting network
- Intensive farming —> global market - Distribution point

- Waste-to-energy facility

What kind of What kind of
sustainable production sustainable
mode can improve the cultivation pattern of

living conditions of crops can be

local residents without practlced in farmland
harming the ecological in the context of
environment? Southeast Asia?
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Conclusion CONCLUSION

Sub 5 SUB 5

PM10 removal

Pride of Barbados Ciper Splitleaf philodendron Banana Yellow allamanda

Caesalpinia Pulcherrima Cupressus Sempervirens(a.o.) Monstera deliciosa Musa sp. Allamanda cathartica
\ < o

i

el

©
>
o
£
o
[
Ll
Z
(@)
N
o
)
c
®
x
(@)
zZ

Australian pine Pine Norfolk Island pine Jackfruit Devil tree Orchid tree

Casuarina equisetifolia Pinus kesiya & merkusii Araucaria heterophylla Artocarpus heterophyllus Alstonia Scholaris Bauhinia purpurea

What is the most
efficient local
vegetation species

and planting pattern
to remove air

pollution in urban
area?

Reference: Hoftman, M. H. A., & Tonneyk, A. E. G. (2010). Urban green: relief for the city with focus on Chiang Mai, Thailand. 85



DISCUSSION
How to engage farmers as active participants in transition to sustainable system?

ECOLOGY as FOUNDATION

PILOT PROJECT 1
Agro-ecosystem

Economic & Finance

Science & Technology

SOCIO-ECONOMIC
as
LEVERAGE

serve as modol

to showcase

-~

_——

Education

Living Conditions

~ e o e e e — — — — — —  — — — — — — — — — — —

PILOT PROJECT 2
Socio-ecosystem
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Thank you for your attention!



