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Abstract

The problem of farming and haze in the highlands is a repetitive problem, which is usually caused
by burning crop residues. Thus, four objectives are: 1) to evaluate landuse efficiency in maize/maize
seed planting, and integrated farming using crop yields evaluation, cost and return analysis, and
greenhouse gas (GHG) emissions from burning crop residues under current condition; 2) to evaluate
crop yields and nutrient losses (Nitrogen (N) and Phosphorus (P)) under climate change scenarios
employing EPIC model; 3) to estimate water runoff and sediment of each landuse patterns under
climate change scenarios; and 4) to investicate and analyze government policies implication
impacting on the farmers. The study area is Mae Chaem Watershed, Chiang Mai province. The target
group consists of farmers who grow maize/maize seed and integrated farming. Integrated farming in
this study refers to agricultural systems that have been planted over two or more species in the
same area. It is an economic crop. The important and popular growers in the Mae Chaem Watershed.
The EPIC (Environmental Policy Integrated Climate) model was used to assess the yield of
maize/maize seed and integrated farming and loss of nutrients (nitrogen and phosphorus) under
future climate scenarios. Cost-return and the emission of greenhouse gases from the combustion of
agricultural residual have been calculated and compared in each land use. Estimation of runoff and
sedimentation of each land use pattern under future climate scenarios have been evaluated by the
Soil and Water Assessment Tool (SWAT) under four scenarios namely maize/ maize seed (50%),
maize/ maize seed (0%), maize /maize seed (80%) and the perennial plantations (53.94%), forest

(28.56%) and other plants (17.7%).

The results of socio-economic in case of maize/maize seed and integrated farming found
that most of the agricultural land was outside irrigation. Households have a population between 2-
5 people and at most 6-8 people. Age range of the most common population is 31-50 years old.
Most of the population graduated from elementary school and is engaged in agriculture. Population
migrate is not much. The cost of the plant maize/maize seed and integrated farming include land
rental, soil management, water management, seed price, planting cost, fertilizer, weed control and
harvesting. The cost of maize cultivation was between 1,987-4,071 baht/rai and the average yield
was 876-2,083 ke/rai. Maize seed cost ranged between 1,071-3,520 baht/rai and average yield was
800-1,852 kg/rai. The integrated farming cost ranged between 5,084-30,564 baht/rai and the average
yield was 670-8,350 kg/rai. Comparing B/C ratio, the integrated farming was 2.04 which was more

cost effective than planting maize seeds (1.94) and maize (1.74), respectively.

Soil organic carbon density (SOCD) showed that SOCD was positively correlated with
elevation, clay content, soil moisture and Exchangeable Potassium. It was found that the yields of

maize/maize seeds were positively correlated with SOCD. In addition, the concentration of SOCD in
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the soil of integrated farming are higher than the SOCD accumulated in the soil of maize/maize seed.
For evaluating the yield of maize / maize seed under climate change, with models EPIC found that
climate change under A2 scenarios both periods were affected in a positive yield maize. On the
other hand climate change under B2 scenarios, both periods, negatively affected maize/maize seed
yield. The impact of climate change on integrated farming yields with the EPIC model revealed that
climate change under both scenarios A2 have a positive impact on maize/maize seed yield. On the
other hand Climate change under B2 scenarios for both periods have negatively affect the yield of
maize/maize seed. While under climate change A2 and B2 scenarios and both periods positively
affect the yield of potatoes and soybeans. The loss of nutrients in the soil showed that the amount
of nitrogen and phosphorus loss in the integrated farming was less than that of the maize/maize
seed planted in the present situation and under the climate change A2 and B2 scenarios and in two

periods.

The amount of greenhouse gas emissions from the burning of agricultural residual, it was
found that the amount of greenhouse gas emissions from maize seed (67%) was higher than that of
maize (17.89%) and integrated farming (14.82%), respectively. Considering the amount of greenhouse
gas emissions from the burning of agricultural residual in the district from high to low as follows,
Pang Hin Phon > Ban Thup> Mae Na Jon> Mae Suk> Tha Pha> Gong Khag> Mae Dad> Chamlong>
Chang Khoung and no post-harvest greenhouse gases was released at Ban Chan. And the number of
household members has a negative influence on the amount of greenhouse gas emissions and is
the only factor that has a statistically significant relationship. The study on the effect on water
balance, runoff and sedimentation under different land use change scenarios emphasized the
increase/decrease of maize planting area by 4 hypothesis namely changed the planting area of maize
to the same percentage 0%, 50 %, 80 % and planting perennial 53.94%, forest 28.56% and other
plants 17.7%, respectively under climate change A2 and B2 scenarios by SWAT model. The results
show that the composition of the water balance is derived from the sum of the mean values for
each of the components: surface runoff + water from the lateral flow + inflow water into the
groundwater - loss of seepage. It was found the reduction in maize planting (maize fell by 0%) and
perennial plantings (53.94%), forest (28.56%) and other plants (17.7%) showed that the average flow
in all climate change scenarios was low. The situation where the forest area increases or the
perennial increase have resulted in higher daytime respiration than the situation of planting maize
is the same or increase the area of maize to 80% because the large trees help slow down the flow
of water, causing the flow down the side and the water flowing into the groundwater under A2 and
B2 climate change scenarios. As a result, the lowest amount of sediment is obtained. It shows that
when the forest area is reduced and the area of maize growing. The amount of sediment is also

increased.
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Problems in the study area found that: 1. water resources. Community needs weir reservoir
in the creek village canal, weir, improved reservoirs, digging ponds, building dams, upstream wells,
and water tanks both for agriculture in the dry season and water for consumption. 2. Land
Management and Land Policy, in the present, all parties must seriously cooperate in resolving the
problems of real estate in Thai society because there is no systematic reform of agricultural land.
Fair land distribution by implementing several measures simultaneously to solve the problem of
land available will be attended by the communities involved. Establishment of Land Reform Bank,
restriction of land holdings, the coverage area for agricultural use these are as a basis. These are the
keys to solve the problem of arable land to the poor in a sustainable manner. 3. Planting suitable
for terrain and climatic conditions as well as markets to support yield. Policy recommendations in
Mae Chaem watershed include 1) Forestry Policy and land management, the focus should be on
conservation and sustainable use of forest resources and biodiversity, maintain ecological balance,
guidelines for reforming the resource management system both at the regional and policy levels to
achieve mutual understanding of all people in society and substantial. 2) Agricultural Policy and
Plan, the focus should be on providing farmers with the means to cope with and adapt to climate
change, food security, especially for the population and households with low income, promote
effective land management in agriculture, consistent with potential and there is a balance between
food production and energy, promote agricultural friendly environment. 3) Driving the Climate
Change Master Plan 2015-2093, Mae Chaem Watershed has the potential to carbon dioxide sink than
the sources. It is a great time to accelerate forest maintenance and rehabilitate degraded forests. 4)
The use of economic tools, government subsidies, with the conditions for land alignment, are
appropriate for highland land use and the willingness to pay and acceptance (WTP/WTA). The WTP
found that farmers who live downstream area, some are willing to pay a fee to people who live
upstream and midstream. At the same time, WTA analysis of upstream, farmers are not willing to
receive any compensation. The farmers in the upstream area have been able to transfer knowledge
and understanding of upstream forest resources from generation to generation. And villagers are
willing to take care of the upstream forest without any compensation. But the WTA's farmers in the
middle of the watershed will be financially supported and assisted by downstream farmers to
implement the upstream forest conservation policy and rehabilitation of Mae Chaem watershed.
However, the most farmers in this area are not willing to receive compensation for the abandonment

of their livelihoods or homes due to the fact that farmers are left with only a small amount of land.

Keywords Mae Chaem watershed, Maize/maize seed, Integrated farming, Burning crop residues,

Nutrient losses, Water runoff and sediment, Highland
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widdiinasieilesdanuandinu (Lai 1996) uananil N151a18AugITIUNINITHINaI8v0IAY
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AWIAN1NAY WAzl AuvariiinasedunidTngluiu eaumalinguduminseiulvinismeseiney

9 9

3 & N Y v P P STV VIR G P Y v N | o v oy
W ukasiuANUL LA UNUNWAY Funnsisds waglunsdiiiaienan lulwaiuiad
AItY NSIERNANINANLAEN1TANISNRUNHANAINEIHAANAINADANNLIUAIAILINT UNaenS

o

Y é’ ~ (% vaa ! Y =] A al L4 ] a o
ll’]ﬂll’]EJ‘I/]‘WGMUWWUWQ%U?UUEQQ&E?NU@@U bYUNITIANTTINITVYIENUNNYAUTNY T UYannwyusuan

Y Y

wianzas wagn sl liduseavsningaan (Koohafkan et al. 2005) niwgnsuilasunansgnuain
A U ! = = 4 ’oj a v k4
nsnanmenIAfukUsLagdailadlufssruueimsssuunsiiiveswal seniueaian sTauds
INTLUVRRAIMINTTURAENITIEUTlUATISEY 21NN1TT1891UYRIAMEYINIUNSIUABULY AN
a ¢ = e v 1% o A
oilane aranisalinlul 2080 Ussinslanaedifs 1.1-3.2 SuduAy 9Useauiuisenuein
g IS o d' a soj ] a y

wAauIMALAziiUsEnINTIIWINIINTAgilnenas Uy nvesdmianuTiiuweilansia (Yohe et al.
2007) unasvostdnausanulaluuasitlne wsaiuinii guih wazilddau eudesnisnisld
5 a = 1 1 ~ < Y a t:ll H a = o

WniinannTuegsetiosasiduameiiinnisiasuidainmsivavesinisilalasiui msviane
AN (Hanjra and Qureshi 2010) AMNABINISUWITIANIINUMAINAIsadRassuTdy 3
Wi Aausludanalssyn 1950 vnliunasdrulgiianas (Gleick 2003) seuuLNYRINTIUALEUIIN

SYUUTaUTENULUTELN0 80% Ya9n5htuniatan (Molden et al. 2007) Uadeuimatidwananis by

ez A N

'
=4

1 957009 lARUNanA1a9 (Shan et al. 2008) uaN®N19U1 N1SLENAN WAL

UInavausen1u (Khan and Hanjra 2008) wayszuuinaiideulvsy (Dudgeon 2000) Bandnti
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Wasuwasluszaunuiuaziia1ann1snsea18ve9UsHaHY (Hanjra and Qureshi 2010) walge
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dwuulantl dnIneremansiadnwinansenuresmsivdsunlasaningiienniedenandnems Tu

glsuldlumaiiiefiagmnnisainnudulilananineiniragdanansenusessuueims Usingi
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funnzgnnisumioveanivglsulasudsslesd lumeanduiunieiulivesnivaglas una

(%

n3afudu mngumndfigetunastiniariiuiaudssnuiutu ssuuninneasagldsunanssny
p19vznsgnulugivdfinmaaiyiivinednniuasddiniidu quamauluuisiiufivesylsy
Aoy gayideidesannmsiemanevienisivaasnvesiniu (Miraglia et al. 2009) Tukeinn uss1g
Tufuamasegmaiauiilfaudoutesadsfindyfumuuiuduaznsvauraudiiduusedy
indouivilrszrmuinauiinlve uazUssnvuienaubiansodidauvaemnaienisuilan
wazn13UTEeTin 3 q@yuwﬁﬂﬁLﬁaa%aaﬁ’ue?fqa‘]wammﬂmuﬂ?ismuﬂmamwammﬁa ELNifo -
Southern Oscillation (ENSO) w%’wmﬂiﬁf’]LLazLLuaqé‘i’mgmﬁmwmLLaziimzmmmdwﬁﬁqwamwwia
NAHANN1INTLNYAT USINYN15al ENSO Fuifendestu 2 wa MiFundiedn ELNifo uag La Nifa
sEriaiAnusngmsa ELNifo anmenimzuisudslunisns fusonidsavievesssmauinda
dulaile uarowinild BandruerailmAndwhudundulumsendnild veflmeavesoisn
wilouaruanlulening La Nifa ssdswalunimsaiudin Aesluanndn egslsinu Usingnisal
FAn ELNifio Yesndatu UaZENANTENUABHANAAN1INITINEATIUANE 9N 1AEI UBNINLUNES
Sruneuageudesnismslidifaaudaussewinmsliiaue war gramnssunaznnsld

Wensinwasiduii n1sivdsulUasanime1nia lagianiy eg1agaguuunnil danansenulagnsase
NILUIUMINNTIINYWALNOANTTUVDILUAL BRTINTHER NMITNAIWT UAZANNBETEN DIATNGITU
wazAnAINLUENY (Farooq et al. 2012) fensytiu Uselewiainnisivdsunlasanimgiiennimse
dag v o v | a S S a & - & o
srUUNITNYRIARIAANG Wy UTHnadluiiindy goniaimisugniieniuiuiu seauing

msuaulneanlenfgeluy o1ingnsINsFLATIEYLAY TuU199I990essUUTinAN AT EiiNa

ATINUTIWABLAAANUWAAT YTBUIIN gaNamIzUgnduas Laslinn13seu1nvadlsnLuas

2.3 M3UsHHUANNUTIZUNVBIHANEANIINITINYAT NMSVLEINIMANVBSAY Uasnsgayde
519919 TNY

anmenafifiusuusidimansgnulneasienandaniaininnens sanszvulunisaui
pransranuluiiufinirssedugiioe TulssmedSuma anmernefiuiuduasiAnaduarudou Tu
A.f. 2003 Wazselileaauist 2007 viliinandndnlnnansia1nAadenIn van der Velde et al.
(2012) lavinsuseidiunandntilnawazd13iie Ineldlawa EPIC Saudu i Tuns
Uszifiudrauguiuluiu nanisfinwinudy feudinaenuiuiusendnve siiviaassudag

ANUAUNUSHU taz 1uea EPIC 51897UAANLTULALHANARYaINiuIanIvinlaoe19m Tuusesinalu



Li et al. (2015) Widsziiuanudsizun wasdnenmlunisusuisennuuwiiawasilnaivgn
Tugavund Iagly crop model DSSAT nan13Any1AIAN13alI1 AULALLEINTULTRIAAlUY 2030

fatubNUluN1sUSUMF RIS UALTUNNS

Tunan1susadumnudswesnnuwiudedmsuiinluinnsdiusefu 03n1A (regional
scale) lunafindosaseunquissiiumant 1. Saruiaveudniunisdaesfiniiunndsuuieuly
dnmeINATANaY 2. @nsaiizsiaeHaNaNAnLazn1TYIIALY (water stress) 3. éfaqmﬁ%’a%aﬁiﬁ
1 way 4. Seiianludiu luea 5 Tuea lasunisiansanuazgniuIeuliisulaun DSSAT,
CropWat, WOFOST, CropSyst and EPIC Tagfi DSSAT fn1ssuyalutnaivydmiunisusazyiin
(IBSNAT: International Benchmark Sites Network for Agrotechnology Transfer 1989) CropWat
Juisaaiosilovianisvesyadiudndenisindunuuuulinovvesssuuuaysianiegling
WOFOST a3unaifienfuassinenvesiivléa winealousigaridenvestayaiin (Monteith 1996)

CropSyst liunzaulunisinassdimszindulsuesinlilasunisasuiisuia (Confalonieri

and Bocchi 2005)

derinisiuSeusiisulumadiafindnaun EPICTaiaa (Erosion-Productivity Impact
Calculator model) Fafinsinmlutsansswi 1980s lunsussifiunansenuvesnmsiinaisse
wandn (Williams et al. 1984) Ifdondundosdofiugnlumsinmadad iesanvemasiien il
1. EPIC 1¢38n1suuuasu9asiunisiiaeswiiafivainndt 100 wiia (Williams 1995) 2. luwnaiinis
fimuregasoiilowioud 1985 RCA uazireddu EPIC 0509 vanunsanilunanns analed vos
Texas A&M Agri-life Research (2012) waz 3. nsiasgivlavesitulusadusznouiidrfiyuiniian
199 EPIC nsviatuagnandn degnlilunisairaduldsemudnguiananuuiudaegnis
FUSUATIBAINATULILES (drought hazard) Sa1vnN19INNIsTIAKAALLN dsnsafiagsass
nndeulvvesiivanuildueafielneldmmuusilisturesusasiiv 4. EPIC UfiRnisediedeiilas
fugrulegldounsunaisefuazannsaduiunissiassluszezerniuiesy (Sharpley and

1
13 ]

Williams 1990) uag 5. mszimadnsainlunisdians luimaiidegnuszgndegianiaundusisin
waiandue luanndwindaufininawane (Tan and Shibasak 2003) lun1suszidiunisagidenis
faangvesiuainan nsluarivunsvevluiu wansznuvemandnfizainnisiudsuuUasanin
g1nakaznIsnanate Tutagdu EPIC lagnld Tumsuseiliunansenuaindeivs (disaster) dodiv

ANSVIALABULN
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EPIC TUsUAIuLANEDL191n The erosion-productivity impact calculator (EPIC) model R

Wouunlag Williams et al. (1984) LitoUsgliiunansEnUYINTIVATIEYaIAUR oAU ANaLYTAIYEY

(%

Au Anudndusssudmsulnaintuniande tsdunesiuniseysnuaulazuivesuszina

ansgeLusni Tu U a.a. 1977 (Soil and Water Resources Conservation Act :RCA) W5 31905y e)A

T o

(% '
a o A

AINITIANTENTINNYATUSELNUNSTNEINTAULazU kAL lglun1sAndulameuleunessaz e

[% ' 1%
o o

WNeatumslduaznisauasemsnensivaiil Aunisiauivesrunisiagliluniseusndaunaszun
nanerdundaauinluididnsTullagiuilirduyuresnisimansvesiiunsenalssleviannside

NININANYVBIAULAZAITAIUAN

NIENTINNYATVDIENTFoLUTNN (The United States Department of Agriculture : USDA)

(% [

=< vy v a a va d‘ d‘ a a d' LY LY ¥ Y
Feladin1sdnuseyuidsl JUAnisiienvsilnefusieifgatunisiauianudilavesnnuduiug

v
a a LYY o

FEMIHANGANNNITINBATUAYNSFRLAEAY AIUUAMZYINIULN VDN EITINITHINANLVDIAU

>

LazAURANANYIIveIAUTInUUY AugYinunsudsdann wagaiuisaiiaduesanuiy

CaNle

‘:ll 4 aa a o z.:" 4 1 1 r-:l' = o % Ql' ¥
Netee wavseyIsn1sidslunisuilatym nildlunnuseinissiungauasinnudifgynseyls
TukuIN19999n115398ABNTHAILILUUINADINNALAAEATAINSTUNITINEDINITNINGIE NAKAH WAy
ATZUIUNISANYIVBY AITUTLIIUNITUSNITNITITULAIDIANIINITNYAT LALSUNAIUILUUIIABINT

Wananenasnandn luaeal e.a. 1981

Wsaneveanisimunluwade (1) JJuiiugiumninisnnuaza1ansndnasinszuiuns

LWNYITDINTBUNULAZ NS IIUITBU N @NITINS DU (2) TAANUaIUITalUNITIIaBIIaIa8508

a A

Yerdndumsgnisfmangeraazifunszuiunisiideudsi (3) fianuarunsaldlffuaud
vanvae anwgiieniauazity Anuluansgendnuay (4) fuszavsnmazmndensldomuas
anuanunsalumsyszifiunansznuvesnsasunasmsdnnisfunswmateAuuazaugas
anysaiveshu nadwsvasluinaiidonit EPIC Fvaguuiiugiuasdusznounisneamdmiuiiaes
Asenane mstasiulavesity warnszuIunsAegiiieades sauiesdusznaunaEY

iswgiadmsunsUsuluyarnisiavateioilugrsmansinnuan1sdansiunzay

AeSUBLUUAYT NMsUsEendwaznsiauIauisdagiumeslsenauiddny 9 diume g
dn511 (hydrology) a1 (weather) NM5¥enany (erosion) 519811113 (nutrients) aunNiAY

(soil temperature) NstaseysAulnvasiiag (plant growth) n1sla (tillage) ﬁaﬁa§QLL3®§amﬁﬂ3U@mﬁ%
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(plant environment control) kaglAs¥gAa (economics) (Williams 1990) 91An15AN Y1V
Williams et al. (2006) szyfan1swamnluna EPIC LiuLAudinsaunqunIsitasIes annenia
(Weather) mslnaunthiany (surface runoff) n1slnandu (return flow) nnslwad (percolation)
N13A852LME (evapotranspiration: ET) ﬂ’l'iiﬁﬁaaﬂgi%uéwﬁ’m%’m (lateral subsurface flow) N3
avaneveiiny (snow melt) n13vrdedaet1 (Water Erosion) n1sienatedaeay (Wind erosion)
nsgeydeansemns ulasiau-weaneSavenivi (N &P loss in runoff) mswzazarevesiulasiau
(nitrogen leaching) n15tAdaudedunis lulnsiau Weaneda aann1svuau (Organic N & P

[ A d"

transport by sediment) n15a3elulasiau (N fixation) n15ldermdndnsivuaznisinioudie
(Pesticide fate and transport) gunaiiau (Soil temperature) N151A3QYLAULAVDINYUALHANE
111N 80 ¥m (Crop growth and yield for over 80 crops) mwuﬁuﬁauﬁ% (Crop rotations) 113

la (Tillage) M3muAudIwIndousaNy N135eU1et Yauseniu nsldds ssuunslmn

Tunaldfinsinlulduazasiaeuninugndetegianinewasuazisendelmiidu The

Environmental Policy Integrated Climate (EPIC)

Priya et al. (1998) uag Priya and Shibasaki (2001) laussgnsuuudnass EPIC ludseina

v
d 1 = LY

duLfy na1d svuvatuayunsandulanuuausy aulimanisitasenisuaniielaeunfvuiu
& A ° ' & & a A o D a
Wuanea1as lunisimuauleuiy uinnuwususiuvesiuiinsnaniivdinagAeaiinsuseidu
\esnanmaunuanseiy anmeinia wagnsufuianiemsinensneglugiinadmang luns
P @ a & &, a & dvve 9 & ° -
NAAIAMURUWUTITINUN "EPIC 1aeiui" lasSunsimuuuiuguvein1sdnaessnsugnitouuy
EPIC slausisuuunsdnassnisinizugnianisiuisesliteyannuazidenvesqnilldvieveyanil
= & a oo & A % = P~ ' s A a v
Anuaziden Wudmdnlunizlewteyannuasideaiinasudazmsiueadiioaunsauaniinnnig
pilenansle wuudnaesnisugnity dnidelsiaueTBnsdmiureasidunogimeu WuseAuUTEme
(Uszanau 50 Alawuns n3a-wwad) wazduen (Ussuna 10 Alawas n3n-wad) 3nn1sAnwiluduie
WU Y19 2 S2AUAINAZLDUATUINNIA-19aE (ANaNAATILANANAUSENTTYE AL DI INAINRY
wU3v09anINeINA AaNURNITONUYeRY Larn13UTEEANITIANTITIHY NANTANYIUTEEY
o & DRI % ° a =
aud s lunsuansliniutainisuszgndlduuudaeslunsusaidiunansenuvesnisiuasunas

v A o w [y

anmglenasienanandayuiddaluseauni

o
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LUUS1a09 EPIC Hagneuauasiudeyatinin 3 4a Ao doyaeinia deyaiu uazdeyans
dnnsiiy BefinadeuIunamandn Tun1s@nuives Roloff el al. (1998) ldirsanietladovesiuii
Hasan1sugndIlne wazdundes lagldRarsanda Bulk density, Field capacity, Sand content,
Silt content waz gaumMgivesiu (soil temperature) S dudrudrdnlunisiaiayifvlavessiniiy
wazAuannavedlulasiaw wazasuouludu saudsdadesunisdanisiiy Ae dnsinistdde

o w 1 [y

Tngtanzlulasiou Adudeded fayuiu Ramanarayanan et al. (1997) Anwinisiadeudie
ulastau (Nitrogen transport) Tasszuutiupudaiotetunainveslulnsaunaznaaveiily
fu Fadueiesfiofifivsslomidmiunisdansiunisinuasiieafuaugavesinuazamnine,
McLaughlin (2006) Wui1 EPIC iUszangamgelunisuseiliu water and nitrogen budgetslugas
nanszezem anel) dwulutananssesdu 4 (o) uasdiiisnsnislvagen anugndos

rana Feuegiuanuiulusresiginsiulasiauuasanuguludiume

2.4 myUszifivaunathlununguin
Usunauhluniuiiquindududsddyidnanonisndnnianisnuasiuiui Jsaunsalddu
U 9°J 1 I a a aa a a 901 IS aa QOJ 1 [
wumnslunisdansiegeiiuseansnim BnsusslivUSunahivanvangTs (augaui) aealsi
A1 Arnold et al,, (1998) lasiaiu1LASedio Soil and Water Assessment Tool (SWAT) @4 l91kun
NNNTNaINNINGT NdeiiugIuvestayan1aunIen1m TunsauImLuUdeLlaImLY AN
dll o v a ! a soj } a IS ‘3 A goJ =i
ieviuenansEnuYeIN1TIANIINAUAs TN aznew uavUSunuaisiadluiuiguing
WasuwUasludana lngesrusenauvesuuudnass SWAT avUsenaume Joyagnninel ilennie
AENoU gAY N15RTIAUlAYEINY N133ANTSEREIMTHY a1siadvaaiuuasidndnginy uaz

N139ANNSATUNISIAEAS (Neitsch et al., 2004)

WUUT1a8e SWAT gnesnwuulvianansaldausiuiulusinsy ArcGIS Tagyiausulusunsy
ArcSWAT el fuszuudndeiuglinusinuszuugiiansaumna lnelusunsy ArcSWAT iulusunsa
@3 (Extension) vadlUsunsa ArcGIS SWAT simuniulae Blackland Research Center, TAES uas
United States Department of Agriculture-Agriculture Research Service (USDA-ARS) L 1 u

LuuTIaesnimsimuseidosnaad U w.e. 2533 aunsenaunduietuaidn fe SWAT2012 wag

1%
&

ArcSWAT &aflanwauziu Public Domain Model na1fe awnsatnluldnulalaglidesdode vie
doidvansusegnsla Jldanansaanillvaniusunsy uazddemslalusunsulans (Jadion Tumans

WAY BTOUIA TS, 2557)
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NANNTIATIZRVRIMUUT AR SWAT uuseantdu 2 du laun d@uiiufu (Land phase)

v
o

wazdunisiadauiiluani (Routing phase) Inansiiasisviludiuiufuazidunisdneisasgnn

A1 inUsziuusuuuvn Usunanenau Usunalulasiau Usunueanesa wazaisiedann

(% 1
o o

manwnsiiaglvaasdaimanvesusasquinges dwiumslnsginisndoudiluaiun asdunis

AUINNSIAROUNYRN AZNBU LarsIRemIAN 9 Waudni aaeavdlasadieseuudniveqy

(%
o

U1

AR R B 3 A E
: ! : : " S Y
UAiT A i W
"M It
7 8w e
N S o B

’

Evaporation and
Transpiration
5 e 3 g
H ’
Y ST Y N
PR S B S

i
4 Precipitstion

InMtradooviplant uptoke’

Root Zone ¥ A
v » Soil mosture redistnbution

Vadose (unsaturated)
Zone

Rovap wrom challow aguiter Percolalon 10 Shallow aguiter Rotum Flow

Shallow (unconfined)
Aquifer

Confining Layer

Deep (confined) A
Aquifer Flow out of walershed Recharge lo desp aquifer

g‘lh'?i 2-4 ’msqwﬂiwmmamwﬁwam SWAT (Neitsch et al., 2005)

= a H 8 a vy 5w Iy !
ﬁ]’]ﬂg‘ﬂ‘w 2-4 ‘Uimmuﬁmduqmm%amwaﬂisL:uulmmﬂaumiamam ANEFNNIINIUAN
—_ L
SW,=Sw +X!_,(R, - Q; — ET, — P — QR;)

e SW; AeUsunaniludugayine (W) SW Ae USunanhtufuSusuluiui i (uw), ¢ Ao 1ian
(), R Aa USuaudnelu (1), Q Ae Usuauilvaurvuinfu (uu), E7 Ae YSunun1saiesyiiein

=2

(), P Ap Usunauunindudnaalulanu (ua) wag OR Ae USunaunlvaasusiin ()

sufsllagiuiluuuinass SWAT danslasunseausuagaininewang waziinsussandldagng
¥a1nmaney 1un13An®1 Bouraoui et al. (2005) uay Xiaobo et al. (2008) lalduuuiiass SWAT

Suiusruvasaumnanagiiaans (GIS) lumsussidiunansenunslusslovuifuwaznisinnis
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AoUIuIIINuaEAENoUYDIGUUNTINUT Sunsladiassantunisainisldusslesunautagnis

(%
a o I =

IAN1sNAU LeurgnantsUsEiliudIvinlaznznay N15ANYIY8Y Tripathi et al. (2003) 19
WUUdnaes SWAT tieusziiudunaniviuagngneu liednaiduamnudsesqu uazdseiliuna

ANUANTIVBIMUININTIANTTGUUN LTusy

2.5 msw?{ﬂuuﬂaeamwgﬁmmﬂﬁ'uwawﬁmw'lan'lil,nwﬁuﬂizt,wﬂlm

AANT Fursslas (2549) lidminssaunsivasunvasanimafionniavesussinelnely
AUIAN: KAAFUIINNITINRBIA0IUNITA BUIANLABRUUTIRRINIARNAAIERS Conformal Cubic
Atmospheric Model (CCAM) l¢inaagudn immisuazuunliivesnisivasuuiasaningiionniely
Uszwndlng 91nnnssiassaaunisallussesenneliioulaiivunafgasveulneenles duiy

a o W

o ' - X 2 < & | ) <
iwsounszanidAgluussenaiiuaduduniaiaseuazasainvesdagiuiu s dululy
a o & a | a 5 |
Aen1anfiduninduluiieunnninvesUseimalng diugungiigeaauazaantulssinalngazlyl
WaguuUasluaniiuanninenaliingedunieanasuseuna 1-2°C win1siasuulasvasaumgin

[

dfyusyn1snilsfediuinTufiennmduavanasesraiuladn warlunanduiu Sruauiuneine
o o a & T ! a o = dea 9 a % ‘v &
FoufvziuTuannguiy Fanazgnanludnienilsnae wiinlszmalnelasadsudiazlusoutu
vy g g ¥ g 4 s z
1NN wirrFauunwIunInANIN Matlmszgerunlulssmealngazduaslurasnggfouavenay
| a 1 <@ 25
QPRI RENRA ok
aviade AU wazAuy (2547) Anwiansenuanmsiudsuilasgiiennialansenisnin

o

91709 doswariud1Uznad TuNANETLeaNLAeLNLaURIUSLNALNE: NUNANET JINTAVDULAY

] = & o w a U av v ° a o
VUNBDUNITIANT ABD ﬂ']iu']m@llaﬂll@']ﬂ"lﬂiqEJ'JUV]VL@H]']ﬂLLU‘UQW@@QQ@J@']ﬂ']ﬁ (CCAM) 91n@ 1UU

Y Y

1%
=

CSIRO yhmsanewndeyaas o gafiasounquituiidnw wdldduglunisairsaglienniasieiu
ansyeze 30 U lutedasandnsiunis 5 Aiv 1980 — 1989, 2040 — 2049, waz 2066 - 2075 lny
Tuthsdfanananfusunuannzvesaiveulneenled 11w 1.5 uag 2.0 wh audu Aitld
sggnihududeyatnduvudrassnsugnituifiernnisdrasanisaigivlauazrandn laold
WUUd1a89 CERES Maize ¥0401lna GUMCAS vaasiud1ugnda wag CANEGRO 904988 HANTSANY)
Wy Madsuulasesaningdenmarilinandrvesinlnauazdesifiniy uinandnueasiy
dusvdsanas msldleludninaannsotisannisuususiuannuansenuild wagdainlidning
00NABNLSITY 2- 4 Yu waranuAi$aTu 3 - 10 u Frairann1simuvesdesasduas 1ile

Asuaulaeanles nTusdg9lsAnuIlatin sy lun 14 WuTuineudntes Wunuidansaii
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TudAfduun watinnluszezlui 14 anawile Asusulneanltem WINTL NINANEAUIANE LAY

v o =

Yrvdndraniuunluiniuduufenduiiatinm Aszezlun 14 ludduilsanas msvaulaeanlun

"y [
a = [ LK% C/)

WuuLdy 2 i dindnmasussiudivzndanasludfilutios wazuiunans waliiuduaeaviule

"y
v a =

Faludndluun vaeAuaniwsn taevnluazisivu weasusulsoanles ududu 1.5 was 2

v

Wi WsuAuUUNR dusuesutinsiAutien azanaailoasusulneanles NI ATITUTINAUAYST

4

wilugean onviu Tulndsudes

=)

AuEAInd AN NN TANERT (2551) Aaszinisaianisainasldivestalnaly
DUIAR WUT ﬂ’lﬂ%ﬁ’l‘ﬂENSEJJ’I’JIWG]IG]EJSL%%EJMUGaﬂ’l‘WQﬁ@’lﬂ’lﬁﬁ]’lﬂﬂ?iﬂ’]ﬂﬂ’]iﬂj%mLLUU’ﬂi”la’e‘NVIN
AMRAIERS PRECIS (Providing Regional Climates for Impact Studies) ¥1n1531a9d@n1weIne ng
Tdyndioya Global dataset ECHAMA: A2 Scenario U1 41alwadianudesnisiifisduuszana
20% voamsliiTlugaed a.a. 1980-1989 wazazdarudasnisiivesivilnauniianoglurisnans
GzJENmaw%ay}@uimﬁm%umﬂﬂgm Tugae¥) A.7.2080-2089 Fetfuauulsusiuvosdufinnluiiuiivi

Ugntnlnafiondetsuevdsnansenusenaninla

o oa
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3.2.2 msinssugrudayadmiunuuinaas EPIC uag SWAT
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®  Yauany

Toyanunldlunisussiliunandaiivaiswuuinaesaseil Usenaulumedeya 2

kY

Uszun fie 1) Joyandeiiuil (Geyaansaumagiimans) uay 2) Jeyanuantivesiu Jududeyadn

kY

(%
)=

lgsuanueueseRinIINNIuRRUITAY (885 gaues asany 2547) NINIUTURDUAN 9 Al
1) ddeyaiieiuivesynsiu uimuaaui (D) Yesynmu

2) dndeyaidaiunvesyafuniruaauiuad unairmilsgesvesteya tngld

1A3041la Analysis tool A1d1 Overlay\Spatial Join AMnualiniiegesvesdoyaniuszsnenlu
o a & 4 a & . ° Yy o e v a & A

Target Feature LagUBYAINNUNIVDIYAAU vJu Join Feature mﬁlﬁlmaawmﬂumayjameuwqum

fulunmilugesuwmazniig

3) ihieyannautiniaaiuarnionweesiusaryn luudazduniiudn wu A
NLUUTmeRY (Bulk density) Aradunsa-a1e (pH) USuiamsie (Sand content) Usaunaumsne
w4 (Silt content) Usunasumiles (Clay content) m’m&ﬂummaﬂLUﬁsulaaaumﬂ%ﬂau (Cation
Exchange Capacity) Dudu mmaﬂaﬂugm%aﬂa Microsoft Access Tun1314 Soils Layers (miwﬁ

3-2) JUATUTINRUA

A157497 3- 2 Soil Layers

ID ~  Layer Numbe - | Layer Depth - Bulk Density - Wilting Poir - Field Capacity - |Sand Content - | Silt Content - OrganicN Conct ~ pH » Sum 0|
1 1 A1 1.3 0 0 20.5 32.5 0 6.2
1 2 .18 13 0 0 145 15.5 0 6.3
1 3 .67 13 0 0 10.5 9.5 0 5.3
1 4 1 13 0 0 10.5 9 0 -
2 1 21 13 0 0 3 30 2 5
2 2 47 13 0 0 4.5 26 1 4.7
2 3 9 1.3 0 0 4 335 .03 4.3
2 4 145 13 0 0 17.5 17 .04 4.2
2 5 2 1.3 0 0 4 31 .04 4.3
2 6 23 1.3 0 0 15 31 .06 4.4
2 7 2.5 13 0 0 15 35 .09 3.7
2 8 3.2 13 0 0 1.5 335 ok 4.7
3 1 .15 13 0 0 33 42 0 4.6
3 2 .24 13 0 0 40 27.5 0 5.2
3 3 .55 13 0 0 33 29 0 5
3 < .85 1.3 0 0 34.5 25.5 0 5.1
3 5 1 13 0 0 a4 24 0 5.2
4 1 .26 0 0 0 3 54.7 0 4.5
4 2 .53 0 0 5 38.2 0 6.1
4 3 .87 0 0 0 14 358 0 5.2
4 - 1.2 0 0 0 11 28.2 0 4.8
4 5 1.5 0 0 0 15 27.6 0 4.6
4 6 1.8 0 0 0 1.2 26.1 0 4.7
5 1 .06 8 0 0 86 115 0 5.1
5 2 A5 13 0 0 86 11 0 5.2
5 3 3 1.3 0 0 82 15.5 0 5.2
s 2 4 12 P P Q 12 o s
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4) dhdeyaniluvesynfuudasyn LU Yayniu Anaudin1senniIne1vessiu

(Hydrologic group) AMNNTALYIoUYRISIE (Albedo) 1 Hudu winsenaslugiutaya Microsoft Access

Tunn519 Soils AUATUNNYAA (1151991 3-3)

M13197 3- 3 ToyailuresynAuLiazYn

ID | Name | Soils 51D I Map Unit Symbol |Hydrologic Group| Number of l.ayers|
101 Ayutthaya Ay Ay 67 8
102 Bangkok Bk Bk 66 8
103 Bang Len Bl Bl 67 8
104 Ban Mi Bm Bm 65 6
105 Bang Khen Bn Bn 66 6
106 Bang Phae Bph Bph 66 6
107 Cha-am Ca Ca 65 E
108 Chong Khae Ck Ck 67 4

o Jayasnmgilenia
Foyaanmalionniawiadu 2 ngude deyaanimeiniendaiulnensugnienine
(Vayad39) welvilumarinissulas Useliunanandnilnavieaosusslan wagn1syednaianaleves
nihdulutagdu uasdeyaanmeinealusuian (climate scenario 3NAUGIATOYNBILIATIEWITY
P P A = 9 = D ¢ a
wagRnausun1sdsuLUasedlanuiiginiaeldeny Tueanidedld) tieldlunisaianisalnands

lnansaeUsean waznisveanaianatevesmiiulusnan lunisdnddeyandiendsiufe

deyaaifanmgiiennianemoulusyaudmin vesusenalnenaust w.a. 2547-

a a

2558 3 nan1tenfieding1vesnsugnlenivegl 1y Jayaganniigean-igaiadesewieu Usuiu

b4 ¥ 1

dudeseifow Anuruduivsiadesawiou 1wy wieumemdndangimansveusazaniil

[

lauA A1 Latitude, Longitude snenuIumaumIg  fail

1) Whdeyad1e1sdmnegiimansinainsteyagn (Point) lnelveyaladedu q ussa

o

agludoyadvesune (Attribute) Jsaggnihunlddmsunisasnesloyalaiuia (Interpolation) a1t

' ' o w

mMsvhunealiiueadlu Raster :Mnqadeyaiiogogisdiin (@nus 35va3na 2552) lngliiaTeilo
3D Analysis #1&3 Raster Interpolation\ Kriging 3¢léifutegaanmyfieniavemiiedosvesdoya
faUszne 9niuthan (Point) westhegesisusving indeuiuduteyadsiiuimasdoyaanm
niiemaladesing 9 \eadnan Tneld wp3esile Spatial Analysis Tool &t Extraction\Extract

Value to point
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2) hdrnainvestayagningion1atadesig 9 seLieureludaznilggegi

v = v

Juiinaslugiudoya Microsoft Access Tun13519 Weather by month (1151991 3-4) wazdudintaya

Y

a o

llveamhegasuiazniig 91wy weafidaglieans aanugainsedvdmena W Tu

#1579 Weather (mifmﬁ 3-5)

A15197 3- 4 Weather by month

1D | Month I Air Temperature Average Max | Air Temperature Average Min |
201 1 36.6 17.2
201 2 35.8 15.7
201 3 38 23.8
201 4 38.9 23
201 5 36.4 23.1
201 6 36.5 23.6
201 7 35.2 24.1
201 8 36.5 24.1
201 9 36.2 22.9
201 10 34.6 22.3
201 11 33.6 16.6
201 12 35.9 16.6

A19197 3- 5 AifALasEAUANERINUMzIavesamlngIvinen e

1D | Name Latitude | Longitude | Elevation
201 Cheng Mai 13.02 95.75 350
202 Nakhonsawan 20.53 91.92 130
203 Saraburi 28.33 94.50 105
204 Bangkok 26.54 94.00 12
205 Tard 15.45 100.34 30
206 Phuket 30.2 102.66 20

1’4 4 o
® Jayan1un1siANIT
nsufjURgualuusiazdiengugnuesity dnadenisiasaiule deusuinuazamnn

a ] v gj a a A ¥ o0 = = v YV o ¥ o
YouananY falulun1sUssiiunananiiy agnosmtetaladununisdnniseie luluudiase EPIC

a

o 4 a a 1 A a X a w = [ 1 & [
MAUALAAIS U8B UATBININTIUA i wmmsuuiumiﬂgu LAWY I@mmwa;ﬂamuuaamﬂu 2

[

M1519 Av Operation Way Field Operation #9is1vaziden 79

Le 9
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1) 9519 Operation tJudiudmiuseusieaziden voen1sUURuaA14 9 LU To
sULUU (Name) Anedune (Description) swadunaunisgua (Code: 1, Harvest and kill crop 5, Plant

in rows 8, Irrigate 9, Fertilizer,) ﬁiﬂ%’ahwiaﬁuﬁ (Cost) vWusu ((51’13’10171' 3-6)

A1319% 3- 6 N1IALTUNTT (Operation)

ID | Name | Description | Code | Cost | Power Category | Purchase Price |
651 HARV Harvest 2 0 5 B0.00
652 TILL Tillage 0 0 2 B0.00
653 PLANT Plant 5 0 2 B0.00
654 FER Fertilizer 9 0 2 80.00
655 PEST Pesticide 7 0 2 B0.00

2) m313 Field Operation \Jududmiussyadutunsunazdiaiaitunsujos
Aua 330137149 Field Operation gieslesiutoyalunisne Operation Tumeduy Type (Aagul 1D Tu
#1574 Operation) wen3aNUuazALsEY Crop ID Tuyndumew windinsugnitvanevin Nliaaa

a 1Y [ 1 a ada £ LY ' = 14 d'
ATULNYINU ﬂﬁ?ﬂ?iﬂigu@’m‘mﬂL’Jﬁ’lf\]i\‘ﬁ/lllﬂ’]i“d@ﬂVlU?JEJ\‘]LLG]ﬁ&WﬂII@ (»19°99 3-7)

A1519% 3- 7 Field Operation

1D I Year |Month| Day |Type| Tractor ID Crop ID Parameter1 | Parameter2 | Parameter3

1 1 2 1 652 0 77 0 0
1 1 3 1 653 0 77 0 0
1 1 7 1 654 0 77 150 0
1 1 9 1 655 0 77 0 0
1 1 12 10 651 0 77 o 0

2 & o
® JoyadanInwui
Foyaan miuil 1wy AugRInszaviveta Anudu afidagleans Wudu ay
Juiinlum1319 Control Record sauviaitaslesfiudoyau anmgionia Jeyaiy wagnisniines

A9 9 Awuudtaes EPIC Tolunisusziliunandn

o Jayanvuasnis1dnasig 9
wenanadunieuen wu USunauas esusulaeanled fu U uwisg s illka
U a a A v U v I = A v v ]
funsaseyivlnvesiands Jadenielu lauwn ansieiineluiiy sosluu wasdnwaeiugnssuiy 9y
< v o [ a a v ] o IS
Wumfivualuuinukaganvaen1sasyulawasiauvesivy lagluwuudiaes EPIC agiinig

Mvuadadediasing 9 anguenuaznely Fllnadunisiuiunananiiy aglu 2 yadeya Ae

¥
Y

1) Jayaiiy uay 2) Ansdlinesing q azldtayaainuuudiaes EPIC LIastu 0509 uenantisuls
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Nerfudeyaiivdy q Tunszuiunisdanisagliunainnisdisia aevain dune Rnluiundne

elimingauuaglnalAssiuteulvvesanmenmeavesdsemelneanniian

Yunauil 2 MIateseuveyadmiuluuIIgaes SWAT uagnsuszilluaunat vedusassuuuy

o
[ Y

AslaUselevinmu saunausalul

(%
[ |

o Jouagaiiunndfgy laun Jeyaanmgiuszina (DEM) Yeyansldusslevinau

<)

Tayanu wazdoyaoinialugiudeyavesiuuinass SWAT sglddayaiieniu

[

a

LUU1889 EPIC

[

® uswdayas uAul wasunanieneg Nddey luiuifnw annsuvalssniu
o susudeyaUTinaeAeTe Ty TuiiuiAnw 3nnsuaUsen

o nsUsummnudssnIstvalTEMuTesivuaazsie TunisAnwillaziiansuianiy
¥ dy v & vV <@ v 6 1 2/ Yy % = a
Trlnadeadnd Trlnaudanug inwasnauray (Ul/Bud uasigAsygia
(cash crop) Bu 9 Nd1Azy) Ineaze1989371n Food and Agriculture Organization of
the United Nations (FAQ) (Allenet al., 1998) Tun1511USUAMUADINITUIVDY
Wuwsazuiln (Crop Evapotranspiration, ET,) Ingmlaanuanaueseinsaessime
1191989 (Reference Evapotranspiration, ETo) AuAduyszavsnisldunvesiiaimag

wila (K) Aegun1sauans

ET. = ET, % K,

e E7c Ao mMNfAedIn1siIvesisunassia (mm/day), ET, AD ATNISAIETLLREYDINY

91989 (mm/day) wag K e Arduuseandnislgtvesneg

NATLAINAITAIUIUAINUADINITUIVINY LT UREIAUADINITUNUS I AIAURYVINTY F9da

Llasufsszvurausemuniinisgadeunseninams wagludnggruilioAudinnuduiiemanaa

£
o

lo & v vy v o a H P v
azludndudaalduivauseniu fauy aunsaUsuiainvalseniuneananusenunlaannaunis

Y

ANUAN

36



W9 IWR fAa AUABIN151U19aUsENnIu (mm), Ry Ao Usunasluildnisla wae iy Ao An

YszansnInnIsvauseniu

o nuuUsTlivaugaunluNuNAnw Aaaun1sAUENs
SWy=5W + X1, (R - Q: — ET, — I — QR

Wia SW, Feusunanilufuaaving (uu) SW As Usinanlufususuluiug i (uw), ¢ fie van
(Tw), R Az Usunaud i (u), O e USunaulnauiuuiiaonu (uu), £7 fe USunanisaesemieyl

=

(1), P A Usunauifdudnaalulanu (uy) wag OR As Usunastinluaaawiun (uu)

A
[

Jumaudl 3 iewnsuteyauazindlugiuteyavesuuudiass EPIC uaz SWAT Lafe
Zyufenuda dunousielufions Validate uuusians ilemsvasuaugniios 35ms Validate 13u
nmsTvsdoyananandnlnasaossson lufuiidnw Tgldsunudoyadeunds 10T Ao
Faud T w6l 2549-2558 ANFENUNIULATYFNINITINYAT NIENIINNYATUATANNT O LLﬁZ“ﬁEJﬂ,IUa

USunaud annsuralseniu WielglunisidSeuliisuiu Output Nhuudiassaianisalls aetu U

w.A. 2558 Fegninuatidulsu (base yean) lun1sAnwinsall FelEBUssmAnuRanaInnd

o
a

gnsAwIn Aeil

1. Uszdvsnwaesluina (Model Efficiency)

> (X — - Ly i— x;)

>ie1 i — X)?

EF

2. Root Mean Square Error

f 0.5 100
RMSE = l (V; — X; )21 g
i=1

We;  n o = wuveanIanvgniniinawdazuseian (Sample number)

x- 1 v 1
= Aadgvestayaiu o Nldaindeyaadia (Mean of the observed values)
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Q#lona (Intergovernmental Panel on Climate Change: IPCO) lausuiiiunsuaesuSunaing
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B: faiunlngfsisdauinaey

1: sianlaefinnuiiuiieseninssang

2: fimunlagdanusmileseninagiang
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wazlilainunfiansanlagastdunve scenarios lanswialyil
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A1B: pwIARNSAULAMGLATEENag Ussmnslanasanlufsemssuiazanadantosndanin
1 Insmunlaedianuaunaveswiamdsnuild lidunsldndinureadansondsnumyuiou

WA AT NS N AL AU LI WA UNIAD LU

[
= =

lumsfneildudenaningiionialueuianiuy A2 Fadunisuassfiuseunszanluaning

JuLsIuaz B2 Wunsudesimisaunszanluannzliunans

UABUN 6 N1SIATITIANUTUNUTTLNINNTIUTL VIR AULAAZUTLLAN NUNITVLAN

WINae0IAU NMIANEYEINIMNT Lavaunain

vyl anuduiudseninadnsiuudiazda (msldusslenifiaulunisugn
Flnadssdnd/AnTnaudaig wanunssaumay) fududsemy (Mavedimfanatsvesiu ms
GRVGERAL LRI e LLazam@aﬁw)I@ﬂiﬁij’mﬁmiwﬁamaawmm (Multiple Regression Analysis) fg
TUsun33 SPSS for windows iead1eaunsnisiuuysvesiuUsnuiinaindvsnavesiuussu

d" Y o (% L4 v A a 4%’
Wielgdmsumanisaiiwildunenaiaduluaunam

3.3 N15USSEUNANSENUVD9DINIAIINNITILAYIINUI LNALALIER

3.3.1 n1sUssiliunisuandasenigiiaunszan (Greenhouse gases (GHG) emissions
estimation)

Usinansdanddesves GHG wiln “x” annnswawenninilnareaosUsznn lunsine
fagfunnn Viinamesawenndmilnevisaesussnniignun vie \andh “activity data” wag A1
n1sUanUase 138 13un31 “Emission factor” (Crutzen et al, 1979) fawansluaunisi (1) Tuns
Usg18lu activity data Agia1500189 ﬁuﬁﬁgmm (burned area) AMNUNUILUUYBINIATININVDS
F13lna (biomass density) waz Uszansanuesniswnlug (burning efficiency) fawansluaunisi
(2)

E =AxEF. (1)
A =BA x BD x BE 2)
dlo x Ao GHG ¥ila x, E, fio USunaunsuanUdesuas GHG usiazauin (o), A fia activity data

(kg), EF, A A1 emission factor Y89 GHG ¥1in x, BA A8 burned area (km?), BD @@ biomass per

surface unit (ke m?) wag BE Ao burning efficiency (dimensionless)
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MUANNST (1) way (2) A1 EF a4 GHG Lch'awﬁmzé"mSW']ﬂéﬁ’amanummﬁmﬂﬁim R
wandlumeit 3-8 Tumsfnuilazlden BD wirfu 0.40 ke m2 (334 0.30-0.50) (IPCC, 1996) w3y

=

A1 BA kag BE 9¢l@annnsyinuuua@aunnuinemnsns lunun@anw)

A1519% 3- 8 A1 emission factor 999 GHG kaazuilen 91NAITHLAREINT1INA

EF (open
Name of pollutant Unit Source
burning)

o, g kg''dm 1515.00 Andrea and Merlet (2001)
cO g kg''dm 38.80 Jenkins et al (1996)
CHq g kg'ldm 2.70 Andrea and Merlet (2001)
N,O g kg'ldm 0.07 Andrea and Merlet (2001)
NH; ¢ kg''dm 2.40 Lee and Atkins (1994)
NO, g kg'ldm 1.80 Jenkins et al (1996)
non-methane
volatile organic

g kg'ldm 4.50 Jenkins et al (1996)
compounds
(NMVOCs)
SOy g kg'ldm 0.20 Jenkins et al (1996)
Fine particulate
matter g kg'ldm 6.00 Jenkins et al (1996)
(PM 2.5)
PM 10 g kg'ldm 6.20 Jenkins et al (1996)

mg kg
Black carbon (BC) . 750.00 Turn et al (1997)

dm = Dry material
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3.3.2 NIATUIN activity data

1) ﬁuﬁﬁgmm (Burned area, BA)

[ 1

funfgninzUssifivaniuiiuiesdninausazssnm wae dndiuvesiunfgn ¢
aun1si (3)
BA = HA x %BA (3)

119 HA @9 fuitAuiigITlnansiasussinn (km?2) Lag %BA A dnduvesiiunfNgna fe

14 14
| & A S A R =

funiuies Inedeyatiuiiuiednlnadesdnivazdalnaudanug luliunfnw) a5

(%

Toyadnd1inuNYTSLNBLLILIN Way Tayadndiuvasiuniigniniazlaainnisviuuvasuay
INYAINT

2) Uszansnwvasnasnludl (Burning efficiency, BE)

[y

M BE fie dndruveaaweintnlnaidesdniuazdilnamdaiusigninlue lunsdnwni
szihnsuusesnilu 4 nqu e
1) minimally burning (1-25%), 2) nearly half burned (26-50%), 3) more than a half burned (51-

75%) wag 4) nearly all burned (76-100%)

3.3.3 11581579301AaUN (Ground observation) wazn1sd1sadeyalaglduvudauniy
(Questionnaire survey)

TuitunAnwusazuisazdinisdrsianirauiy Wesiusiudeyaludsiuiuazanimanudu
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1) wenuivgnialnadssdnd/dnlnaudanug

2) Funuasdtunisugnialnadesdn/dninaudaiudgied

L3

3) gianugesiilnadesdnd/dnalnaudnaiug
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as = & a a v X o v I3 s
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6) ANNAVDINITNLABIINTIIINALEIER T/ nAEARLG UazannueInIT kLAY

s

gandnlnadesdn s/ dinamdaiug

7) fnswmsmndninaEesde AnTnawdaiusudold Ui fasnaiien)

8) winlildmmmindninadesdn i Arlnawdaiug dlulisslewiodls

9) Usinawilsvenavendrilnadesde i Alnamdaiugiignunlnd (1-25%, 26-50%,
51-75%, 76-100%)

10) Vianawsilsveaiiuiifiugndlnadesdnd/dnlwawdaiusadinnawnlgl (1-25%, 26-
50%, 51-75%, 76-100%)

11) 398l fuyu wanouwnu deass veamsugndiinadesdnd/Alnamdeiug (un/d)

12) MeldBunenmionnmsugniinadesdnd/Alnamdaiug (/)

13) ulsurgeutiomde waznsaduayuainaiady niomenuiifeades Adesnis 7
Aeatumsdgndrilnadesdn/drlnamdaiug

14) ulgursanutieinde wazatuayuanniady viemhenuiiisates Afesns 7
uenwiennmsUgninninaissdn/Aminawdaiug wu nsvunemsnssulssavdu

15) minlidsuguuuinisinuesiasdsuludgniivsdindu wunisugndlnades

v & Y 13 [ a a 4a 1 A Y a v =
doi/Anlnaudaniug ssduivielil inswesls uazesls Ao Jef Uaidy uargUassa

msdrsalaglduuuaouany fungusegiengui 2 azdiussifunan dsoludl
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1) dunuiiunvgndrlnadesdad/dnalnawdaiug
2) Yaymswasendnlnadedni/drinamdaiug wwmnauily N155usd 1esns
wazdoUaAy

3) wleuredieinde atuayu wazduasunisiinisinensviinduueniilearnnisugn
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3.4 M3UssiiuduuLazNanaulny (Cost and return) UaaNEAINT
MIvszliufunukaznanauwuvenurInsUandalnadesdnd/dninawudniug was
NERSNANNEY TIndsgUsuumsinmsinensnssulugusuudug weldilunadenlunisdnduls

YouNunINsluewan Fedoyavzlnanmviiuuaauinunsng Inedisn1susediu dswielull

lun1s@nwil azfmuadt wamls (P) agdeadianuinndgud (P > 0) Faazvilviinumsns

[

ansnsavhmainuesluseuialuld duyunisnanasfiansan 6 esduszneu Kl Seed (S), Labor (L),
Irrigation (IR), Fertilizer (F), Herbicide (H) uag Pesticide (P) %aﬁunuﬁy’wm (C(Q) azLdunmsAun
MNFuNLNIHARTULAaY Option faaunnsil (3) dmiunandn (Q) axluseldvounyninsidum
91 (Pr X Q) uagnarilsvosnunsns (farmer’s profit: P) wasusiag Option aguaniangiumu

v (C (Q) vinauduselsvennumsns (P, X Q) feaunsd (1)
Pi =P xQ — C(Q <
Q: = Qi(S;, Ly, IRy, Fy, Hy, Py) (2)

CQ) =P x5)+ W, XL;j)+ (PgXIR;)+ (Pp X F;) +
(PHXHi)-I_(PPXPi) (3)

dloi = Crop type i (Option)

Ve

P = Profit F = Amount of fertilizer application
Q = Amount of grain yield Pr = Price of rice grain

C (Q) = Costs of production P; = Price of seed

S = Number of seeds use W, = wage of labor

L = Amount of labor use P;g = Price of irrigation

IR = Amount of irrigation use PF = Price of fertilizer

aa



H = Amount of herbicide Py = Price of herbicide

P = Amount of pesticide use Pp = Price of pesticide
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4.1.1 $1alnaaesdnd
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nnelgnanovessilundnuaziiivdnivgnlunuaziui laun anstuesanug 329 Wug 80

'
o

= Y 1% < v & i | o 1 ! )

nenavUa wazdnninge 1Wusu Auitlunisugnitinuasnaunau suakiuan dunnidunisvan
= & A o 3 1Y P Ao v 5 |
Hyuuiungs uenanazefeuilunuganiaudd wasdmlidduszuuindssuigan laenisyaue
g A go’ o qoj a ! ! go’ % dy A ! Y A
U3 0H1ENANIINENTITUYIR MeTzuuviedunludmuiinuasnssy Aldelunisugnity
NUATNANNAIUUTZNBUMBAINISINAY ALaSaNAY N159AN15U1 Audaiug Adislgn Arle A
o v w A ! < A A [ a A A < 1o v v A 1% ) Y
Mdnaiy Annuied Inefidadensndniasnanduridniviy Sevay 24 sesasundudnagn
&/ J a a %/ ! =3 el‘ a I+ [ A v v goj !
Jeway 17 AnmSeusu Sovay 15 AnNUNgmandn wasadawiniu fesesay 13 A1TANTTUT wazen

& v & 1 v A Y v s = Y v sl o
wdauguiniu Aefevar 9 annnsaeuduMunlinunsnIiselandnuiainmsvgnanaiuess In1s
TimasaniswizUgn In1slile ersuuaiazengmvanluusuaiigandadaunugs nandaila

- W ] v A v A A Y ]

NMTUNABNeATNaNNEY WA 1382 3,360 nn esuinuasnslasudiafisuiunisamuse 1

1s agujﬁ 198 30,564.37 U waziinsuonandnadsls lsay 123,733.34 U
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M13197 4- 22 WisuguRuy Yt lnaiesd@ed 1edua

D ANASEN | A1FANTT Lo | ewda | . adn | Anfuien - .
. ANYINIAY o y waewug | | GRERNIGT Al o . HaNgR | 91A1U AU
AR , Au/ls w1 U/ , Wug v/ , , YWY NANGA . . .
ww/ls) , (nn/13) , ww/ls) | ww/ls) , , an/ls) | ww/ls) | ww/ls)
(U) 19) 13 wmw/ls) | wwn/ls)
waidn 0 217 0 3.7 503 2001 1,172 323 398 876 3,583 2,494
LUUNS 0 285 0 29 408 235 1,499 a67 184 1,049 4,416 2,451
Ll 0 0 0 3.2 285 361 1,211 197 937 934 3,786 2,793
SRR A 0 41 0 3.2 487.05 200 2096.29 509 318.18 1313.22 | 5463.11 3182.1
NDILLYA 1000 2,683 140 3.0 429 254 2,446 223 943 696.11 6,323 4,071
YUy 1000 369 0 5.6 4125 938 1,594 319 550 696.11 5,732 2,810
Gu"]qlﬁq 0 0 0 34 337.5 0 1,370.42 179.1 100 1,025 4,332.50 1,987.08
LaILAR 0 700 0 9.0 337.5 500 2261.67 319.58 937.5 2083.33 | 7633.33 3878.13
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M19199 4- 23 Wisuifisusunuuasinlnawaniug siesiua

1 1 1 al Y < 1Y 1 o w ﬂl"]l,ﬁtu
AT | ANETEN | ANEANTS | L L | TIAWAR | AR L AN § R 3

. i R WAnug o Ay s \AE HAHER | 51Ane | Aumu
Aua Y auwls | (v , Wug Ugn , FYNY - , , ,
, , (nn/19) , | uw/ls) | owawde | (a/ls) | (ww/ls) | (um/ls)

wm/ls) | (um) 13) v/ls | (wm/ls) (vw/ls) ,

(ww/l9)
Il 1,500 300 0 2.5 425 600 1,065 577.5 750 800 2,660 2,198.33
ABILLUN 0 300 0 4.0 800 0 875 400 500 1,000 3,175 1,071
GUI’NLﬁI\‘] 1,750 1,500 0 2.22 455 900 1,733.57 654.86 1,022.22 | 1,852.38 | 7,508.89 | 3,520.17
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M19197 4- 24 WUSEUTIEURUUTDINYATHANHATY T1AUa

D ANMSEY | A19ANIS Lo | ewda | . fdn | Anfuiien - .
. ANY AU - ¥ waanwug | A199UgN Ay o - - wawan (nn/ | 911 AU
AR , Au/ls w1 U/ , Wug v/ , , YWY NANGA . . .

ww/ls) , (nn/13) , ww/ls) | ww/ls) , , 19) (wm/ls) ww/l9)

(U) 19) 13 ww/ls) | w9

waidn 0 674 1,090 5.7 5,470.56 3,354.17 9,863.89 2,389.63 1,625 8,351.85 59,713.60 22,547.30
Y107 750 600 0 1 850 1,200 2,220 2,200 1,500 1,500 5,250 9,320
Ungiiuplu 0 0 11,000 29.75 1,501.20 0 9,780 21,100 0 11,200 21,380 22,255
NOILLUN 0 925 1,050 112.5 1,250.50 250 5,532.50 5,990.83 2,666.67 5,116.67 27,005 17,840.83
YU 0 0 0 170 686.19 0 14,570 5,310 0 10,640 43,020 31,320
ﬂzj"]qlﬁq 0 3,000 540 16.3 35 600 5,740 2,520 1,666.67 4,882. 67 18,565.90 14,314.67
LANNAS 125 726.9 281.25 27.6 377.9 875 1,119.71 291 1,146.50 670.78 9,371.80 3,366.70
Jruduns 0 1,445 180 9 1,347.30 0 694.1 884.2 2,000 1,060.10 12,145.60 5,084.30
WaLLAR 0 4,550 2,833.33 13.83 5,250 4,100 7,537.30 4,103.70 11,500 3,360 123,733.34 | 30,564.37
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M19199 4- 25 W3guifieu B/C ratio sxn3inadmlnabesdnd d1alnamdaiug wazinunsnaunau

auu (Uw/l9) | wameuunu (Uw/ls) | mls (uw/ls) | B/Cratio
Yralnaidgedng 2,958.29 5,158.62 2,200.33 1.74
FralnanAniug 2,263.17 4,447.96 2,184.80 1.97
INBRATHANHAU 17,401.46 35,576.14 18,174.67 2.04

dl' a =] 1% 1 £ ag" v 6 v I3 1y 4
WaTeuieuAuULAENaNDULNY SEUINTILNALAEIFRT T1IlNAAATUT wagNYns
NALNATY AdDAAADIAWIN nsUgniisnunskaunaulvinanauwnuiandi Ae lafilslsay 18,174.67
U sesaandudnlnadesdnd 15ae 2,200.33 v wazdnlnawdaiug lsaz 2,184.80 um Tadl
mlslnatAsenu wazilawSeuiiou B/C ratio 9ty nsugninensHasray vy 2.04 gail
) ' ) & o ¢ v X o & 1 g A v & o ¢
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unil 5

AsUsEiuUsEANS AN ITUsE lesUNAY

3

5.1 Msaaszanuduiusuasladeniinadanisazauasuaulufulununugndralnaiesdn

v [3 [ 4
wazdIInANANNUS

5.1.1 MsMmulaAURuILLYasnfuaufiazaslufy (soil organic carbon density; SOCD)
maiiushegsiulufiufifnunaduiualudy S1unuitedu 129 fedrs maldlselesdfiaudn
g fuiuiivgnininadednd uasdnlnawdaiug Iefianugeainssdunsia (elevation) Tuts
400-1500 m fpgneaulagniiu 3 Fumnudn fe 0-10 cm, 10-20 cm wag 20-30 cm AnauURve4
futramenmen ezl fifimsnsniauazgriianeiluiiosufiinig fe Soil Moisture (%), Bulk
Density (Mg m™), Sand (%), Silt (%), Clay (%), Finer soil particles (Clay plus Silt) (%), Soil texture,
pH, Soil organic carbon (g kg), CaCO; (mg kg, Available Phosphorous (mg kg!) wa
Exchangeable Potassium

NM13AIIBL SOCD laAue MNENn1589 Zhang et al., (2008) fail

n
SOCD,, = Z L; X SOC; X pp; X (1 — F;/100) x 100

=1

o SOCD,, #® The total amount of soil organic carbon tay ANEA h per unit

area (Mg C ha'!)

n Ao The number of layer considered
i AoThe i layer
L; o The thickness (cm)

SOC; fe SOC concentration (g kg™

ppi  A® Bulk density (Mg m™)

F; o The proportion (%) of coarse (> 2 mm) fragments in the i layer
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5.1.2 M3nseideya

NTILATIZRLAZNITAUTIINANITANY 1(§1’ﬁ1ﬂ13LLﬂqﬁmawuqqa']fwisé’Ui/lzLasuaﬂﬁ'n,l,miqﬁ
ufe819Au 10y 3 classes A Class 1 A 400-800 m, Class 2 fio 800-1200 m, wag Class 3 o
1200-1500 m wazdassiiuSouifiou 3 fupnudn fe 0-10 cm, 10-20 cm waz 20-30 cm Tun1s
Aasgineadfldld SPSS version 20 Tun1sinsevieniade (Mean) Adssuunasgu (Standard
Deviation) 14 Kolmogorov-Smirnov (K-S) test LﬁaﬂnﬂaawﬂWiLLﬁ]ﬂLLﬁ]ﬂﬂJaﬁayJaL%Q‘U%mm’i’lﬁﬂﬁ
wanuwaswuuUninelyl 19 Runs way Levene tests 1t Budiuin sample independence uag
homogeneity of variance 14 One-way analysis of variance (ANOVA) AT IZIALLANA VB
SOCD Tuusiay elevation wag soil layer 14 step-wise multiple regression analysis Wiodiasea
Awduiusues SOCD AunaautAvnaniemnuazaeiivesdiu il euidam Multicollinearity Tu
nsdifildin1s3As1e9 Multiple Linear Regression Tagazldinsnsiaaeuseiu Multicollinearity §ae
A1 Variance Inflation Factor (VIF) §3%1n VIF 11041 10 azdedn windleyna Multicollinearity
oglsfmu nmsuitam Multicollinearity Aiflesldiusnniian fe 14938 Stepwise regression Tun1s
a¥1saunsuuunnnes o nishldihdoives Forward selection uay Backward elimination a1

Thedsvdntlymninisiia Multicollinearity

o

5.1.3 auantinvashuluiuiivgndnalnaidesdnd uazdlnamdaiug

lagAInsIu WU A1 Bulk density 8g58ning 1.21-1.89 Mg m” 1@y Ao 1.55 Mg m™ @n
Soil moisture fA19g5WI19 3.73-46.10% fALads 17.40% oAy Usznaudis Sand fld1ag
5319 16.67-70.67% Lade 40.42 % Silt flF1egsemina 8.67-38.00% Lade 20.08% waz Clay fif
983891919 13.33-70.00% Lads 39.51% fiu TunmsuvesiuiiAnwidofuduiuimuumies
(Clay Loam) A1 Fine particles (clay plus silt) deagsening 29.33-83.33% \ade 59.58% A1 pH 3

A1985ENIN9 4.20-7.60 \Ae 5.42 A1 SOC §1A19E5eNIN9 5.57-58.10 g kg'! WAe 22.65 ¢ ket luvas

7 USunau CaCo, fiAagseiing 108.67-5846.00 mg kel Lade 1381.56 me kg USu1as Available

Phosphorous wag Exchangeable Potassium df18g581319 1.67-672.00 hay 67.67-881.33 mg kg

! \ade 71.45 uay 284.68 mg kgl muadiu A1 SOCD A10g 3813 30.40-213.33 Mg C ha! laeil

Aade 101.27 Mg C ha't

a

WesanaauUAvesiululsas class wuii Soil moisture Hengafign (31.66%) lu class

Y 9

3 geilmnueeaglugig 1200-1500 WATIINTEAULIMELA 89893178 class 2 (800-1200 1inT) Uag
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'
=

class 1 (400-800 L1n5) M lafU A1 Bulk density wuin dAanaddieiufieggeainseauimeiaiin

Fu Famuin 1 Bulk density tfoefian Tu class 3 (1.43 Mg m?) 589891 o class 2 (1.56 Mg m™)

I =

wag class 1 (1.59 Mg m™) s a1y Usuna Sand sinluiiudigs @ewuin class 3 fUsunu Sand wady

Y

31.54% Tuaausil class 1 fUSunas Sand Wwde 42.379% lunianduiiu Usuna Clay qﬂuﬁuﬁﬁaq’qq

a

NTEAUmela Fanudn class 3 TUua clay geiian (47.29%) 098931 Ap class 2 (38.18%) wag

9

class 1 (37.42%) sudrdtu Tuvaizdl Fine particles wu fUSanaigsiianiu class 2 (67.45%) 5998931
fia class 1 (55.98%) way class 3 (51.42%) audiu dnsuiiienu wuin class 1 dulngduiu
wifled class 2 WuRusuluwmiles uaz class 3 WWudumies A pH wudi class 3 Tanmlunsngs
(pH 4.98) Fewlsudu class 2 (pH 5.50) wag class 1 (pH 5.52) USunay CaCOs wae Available
Phosphorous Wumwﬂﬁqﬂu class 2 18y 1650.33 mg kel way 113.37 me kgt muddiu Tuvassd
USu1eu CaCOs Wuﬁaaﬁlqﬂu class 3 128 1090 me ke'! ua Available Phosphorous Wuﬁasﬁqm
Tu class 1 Wiy 30.25 me kgt Tuduaesuuna Exchangeable Potassium wu31 fidnanauiiorny

299N sEAUIMEIALRNYY Fanudn class 1 TANTgA 1ady 291.93 mg kg T89A91NAD class 2

'
[ a

wae class 31288 281.86 mgkelway 273.46 me ke maudsu defiunaula fa A1 SOC

v v
1 (% ) =<

concentration Uag SOCD stiinvuluiiunNeggeanseavimeauindu lun1sfnwill wuin an
SOC concentration ag SOCD HeAunfigalu class 3 Ao 1y 37.89 ¢ ke way 156.66 Mg C ha'
MUEIFU 5998911 Ap class 2 Lade 24.31 g kgl way 111.12 Mg C ha! auaau waz desnigaly

class 1 1288 14.76 g ke waz 69.13 Mg C ha'l audsu fauanslumisned 5-1

wanNi NMsUseumsuRuanTAnINIEN nLaziivoRy InewusnusEauaNEn Tuue

1 '
v v a A

ag class Aauandlunis199l 5-2 wud Soil moisture denaslussautuaundnadly uagluiunfegas

1%
[y o

Nnszavdmeia lnewudn Tududui 3 (Layer 3) ¥4 class 3 §1A1 Soil moisture g491gn (29.46%)

1%

A a v U oa A a . a1 o S a o A oa =
LUBLNYUNUBUAU Ly class BU 9 Tuwauen Bulk density Wul AW IUTUAUN 1 hazazTALALTY
dl U gj a dl o U a 1 g a dl a a
L9398 9 Imawumqqqﬂimumum 3 U991n 9 class g@115UUsuad Sand WU FUAUN 1 HUTU

Sand gafian wazanasisey o lutunaundnadld Tunimsaiutia wudn Ysuna Silt Clay uag Fine

a1

particles fA1aNidnlutuAua e (Layer 3) waztoeiigalutuiuuu (Layer 1) agalsfiniy Usuna

Clay 9gUSu1ununnndn USuna Sitt Tumn 9 Fufu uwazyn 9 class dmsuiilonu wudn Judui 1

(%
v a a

drlvgazfufusiumioatunse (Sandy Clay Loam) Fufnd 2 iupusiudumilen (Clay Loam)

I
v

a 4 & a a | < G a a & a & a ~
LASYUAUN 3 LUUAULALLN (CLay) af]"lﬂliﬂmqll BUAUN 3 SU@\‘W‘]ﬂ i class LUDAUILLUUAULNULN
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o I
v a 1% 1 v a 1%

dmsuaAn pH nuin Fududiuatsasiinnudunsadaninduiuaiuuy luvaeNusunu CaCos,
Available Phosphorous Way Exchangeable Potassium wuandiusunasnnlufudun 1 wazdusuiu
anasiladianudnuindu @msu A SOC concentration wag SOCD WU HAgeluAudun 1 uaz

zanadtuTuRunanasll
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A15197 5- 1 AENUAN MU NLALIATYRIRULUIANTEAUANNERINSEAUNELA (Class 1 = 400-800 m, Class 2 = 800-1200 m, uag Class 3 = 1200-

1500 m)
Soil
BD Clay plus Soil SOC . Avail. P Exch. K SOCD
Class Elevation (m) Moisture 5 Sand (%) Silt (%) Clay (%) pH . CaCO; (mg kg™) . . .
%) (Mg m™) Silt (%) texture (g kg™ (mg kg™ (mg kg™ (Mg C ha™)
%
Class 1 | 603.37+87.16 9.00+4.06 1.59+0.13 | 42.37+14.61 20.21+6.35 | 37.42+11.90 | 55.98+13.52 C 5.52+0.78 | 14.76+4.66 1263.84+1042.34 | 30.25+66.25 291.93+216.70 | 69.13+24.44
Class 2 | 987.12+119.96 | 25.97+10.83 | 1.56+0.16 | 42.41+15.68 19.41+5.84 | 38.18+14.92 | 67.45+14.71 CL 5.50+0.72 | 24.31+9.37 1650.33+1231.21 | 113.37+171.92 | 281.86+166.58 | 111.12+41.74
Class 3 | 1309.25+78.03 | 31.66+6.54 1.43+£0.17 | 31.54+12.17 21.17+8.26 | 47.29+11.95 | 51.42+11.91 C 4.98+0.44 | 37.89+12.91 | 1090.00+563.49 80.25+74.83 273.46+130.50 | 156.66+41.96
BD = Bulk Density; CL = Clay Loam; C = Clay; SOC = Soil Organic Carbon; Avail. P = Available Phosphorous; Exch. K = Exchangeable Potassium; SOCD = Soil Organic Carbon Density
= wa ~ a | o =
M99 5- 2 QQJ?INUGW]’]\‘]ﬂ’]EJﬂWWLLa3LﬁiﬂJ@QWULLUQGﬂiﬁS@Uﬂ’J’maﬂ
Soil
BD Clay plus Soil SocC Avail. P Exch. K SOCD
Layer Class Moisture Sand (%) Silt (%) Clay (%) pH CaCO; (mg kg'™)
%) (Mg m®) Silt (%) texture (g kg™ (mg kg™ (mg kg™) (Mg C ha)
%
Class 1 | 8.26+4.33 1.48+0.14 | 47.74+15.21 | 21.89+6.34 | 30.37+12.48 | 52.26+15.21 SCL 5.66+0.86 | 24.02+8.36 | 1464.68+1165.84 | 65.68+148.98 | 415.42+368.70 | 35.39+12.09
Layer 1
( ) Class 2 | 21.25+11.87 | 1.50+0.21 | 45.71+14.22 | 21.06+5.30 | 33.24+12.75 | 54.29+14.22 SCL 5.61+0.78 | 33.49+15.32 | 1974.06+1058.90 | 236.47+357.67 | 378.94+192.12 | 49.06+22.02
0-10 cm
Class 3 | 28.88+6.57 1.37£0.20 | 34.63+11.56 | 22.25+8.24 | 43.13+10.88 | 65.38+11.56 C 4.60+0.44 | 52.78+15.63 1234.25+735.39 183.63+161.60 | 401.50+194.48 | 70.00+12.92
Class 1 | 7.37+4.00 1.60+0.15 | 41.79+15.98 | 20.00+6.83 | 38.21+13.00 | 58.21+15.98 CcL 5.51+0.89 12.39+6.46 1248.84+1228.69 22.68+55.07 284.42+259.33 | 20.13+11.49
Layer 2
( ) Class 2 | 22.55+11.88 | 1.61+0.17 | 41.82+15.69 | 19.88+6.42 | 38.29+15.70 | 15.6958.18+ CL 5.39+0.82 | 23.64+10.94 1424.18+931.46 76.65+152.51 280.76+201.22 | 37.32+16.86
10-20 cm
Class 3 | 28.94+5.97 1.47+£0.17 | 30.63+12.89 | 21.00+8.28 | 48.38+12.20 | 69.38+12.89 C 4.90+0.43 | 34.84+11.77 929.63+635.34 39.13+53.36 235.25+128.43 | 51.01+17.79
Class 1 | 10.78+4.39 1.68+0.19 | 37.58+14.70 | 18.74+6.84 | 43.68+13.38 | 62.42+14.70 C 5.39+0.90 7.87+5.52 1078.00+£990.18 2.37+3.11 175.95+103.48 | 13.61+10.13
Layer 3
( Class 2 | 25.92+11.55 | 1.58+0.20 | 39.71+19.51 | 17.29+7.41 | 43.00+18.43 | 60.29+19.51 C 551+0.91 | 15.79+11.61 | 1552.76+1973.97 27.00+£79.85 185.88+138.18 | 24.74+17.76
20-30 cm
Class 3 | 29.46+5.89 1.46+0.21 | 29.38+12.24 | 20.25+8.58 | 50.38+13.15 | 70.63+12.24 C 5.43+0.59 | 26.05+19.91 1106.13+614.69 18.00+40.61 183.63+108.23 | 35.65+23.15

BD = Bulk Density; CL = Clay Loam; SCL = Sandy Clay Loam; C = Clay; SOC = Soil Organic Carbon; Avail. P = Available Phosphorous; Exch. K = Exchangeable Potassium; SOCD = Soil Organic Carbon Density
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1500 m) wag AFuANENYeIAU (0-30 cm)

M13197 5- 3 A1 Pearson’s correlation coefficient hansANUEUNUSYRIRAANTANINNEAMNLALLATVEIAY VBINNTEAUAIINGIINTEAULMEL (400-

Soil Clay plus
Elevation BD Sand Silt Clay pH CaCO; | Avail. P | Exch. K | SOCD
Moisture Silt
Elevation 1.00
Soil Moisture 0.440™ 1.00
BD -0.371 0.208 1.00
Sand -0.230 -0.073 0.265 1.00
Silt 0.028 0.243 -0.091 | -0.442" 1.00
Clay 0.244 -0.035 -0.252 | -0.903" | 0.015 1.00
Clay plus Silt -0.012 0.088 0.027 -0.094 | -0.291 | 0.244 1.00
pH -0.208 0.097 0.376 -0.051 | 0.238 | -0.057 0.118 1.00
CaCo; -0.056 0.304" 0.210 0273 | 0238 | 0.191 0.257" 0.689 1.00
Avail. P 0.156 0.383" 0.218 -0.132 | 0105 | 0.097 0.225" 0.435 | 0.760 1.00
Exch. K -0.114 0.027 -0.011 | -0.360"| 0.200 | 0.305 0.164 0.197 | 0.364" | 0.347 1.00
SOCD 0.639" 0.339" -0.267 -0.216 | 0.016 | 0.2327 0.012° 0275 | 0092 | 0.192 | 0126 | 1.00

BD = bulk density (Mg m™), Sand = sand content (%), Silt = silt content (%), Clay = clay content (%), Clay plus Silt = clay + silt contents (%), Avail. P = available
phosphorous (mg kg™), Exch. K = exchangeable potassium (mg kg™*), and SOCD = soil organic carbon density (Mg C ha™*). *Correlation is significant at 0.05 probability

level, **correlation is significant at 0.01 probability level.
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M13197 5- 6 A1 Pearson’s correlation coefficient hansANuduiusreRaNTANINEAMLALLATVEIRY TTEAUAINEIRINTEAULMELA 339 400-800

m

Soil Clay
Elevation BD Sand Silt Clay pH CaCOs4 Avail. P Exch. K | SOCD
Moisture plus Silt
Elevation 1.00
Soil Moisture -0.032 1.00
BD -0.172 0.227 1.00
Sand -0.245 -0.45 0.185 1.00
Silt 0.348 0.175 -0.229 | -0.605" 1.00
Clay 0.115 0.459" -0.105 | -0.905" 0.209 1.00
Clay plus Silt -0.445 0.407 0.352 -0.107 -0.236 | 0.257 1.00
pH 0.267 0.569" 0.285 -0.375 0508 | 0.189 | 0.255 1.00
CaCo; 0.131 0.606" 0.076 -0.336 0313 | 0245 | 02397 | 0.754 1.00
Avail. P 0.135 0.385 0 -0.281 0.368 | 0.148 0.141 | 0567 0.771 1.00
Exch. K -0.257 0.055 -0.041 -0.406 0362 | 0.305 0.153 | 0.384 0.244 0.344 1.00
SOCD -0.281 -0.051 0.537" -0.09 -0.209 | 0.222 0263 | -0.162" | -0.104 -0.265 0.086 | 1.00

(class 1) GUE]QVJH%UﬂlﬁiJﬁﬂ‘UGQau (0-30 cm) BD = bulk density (Mg m™), Sand = sand content (%), Silt = silt content (%), Clay = clay content (%), Clay plus Silt =

clay + silt contents (%), Avail. P = available phosphorous (mg kg™!), Exch. K = exchangeable potassium (mg kg™), and SOCD = soil organic carbon density (Mg C ha™).

*Correlation is significant at 0.05 probability level, **correlation is significant at 0.01 probability level.
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M13199 5- 7 A1 Pearson’s correlation coefficient kansmnuduiusvesnaaudinianisnmLazalvedsiu M5eAuauanInseaulmela 939 800-1200

m (class 2) YomnFuANNANVRIAU (0-30 cm)

Soil Clay
Elevation BD Sand Silt Clay pH CaCO; | Avail. P Exch. K SOCD
Moisture plus Silt

Elevation 1.00
Soil Moisture -0.022 1.00
BD -0.152 0.117 1.00
Sand -0.021 -0.120 0.292 1.00
Silt -0.340 0.165 0.123 -0.313 1.00
Clay 0.155 0.432" -0.355 | -0.928" -0.063 1.00
pH -0.003 0.400 -0.332 -0.264 -0.231 0.367 1.00
CaCO4 -0.107 0.532" 0.408 0.201 0.117 -0.256 -0.131 1.00
Avail. P -0.354 0.610" 0.255 -0.273 0.331 0.158 0.160 0.639 1.00
Exch. K -0.234 0.366 0.307 -0.076 0.151 0.020 0.142 0.608 0.868 1.00
Clay plus Silt -0.231 0.046 -0.104 -0.468 0.008 0.489" 0.277 0.037 0.605 0.502 1.00
SOCD -0.044 -0.065 -0.221 -0.383 0.074 0.374 -0.006 -0.061 0.47 0.292 0.489 1.00

BD = bulk density (Mg m™), Sand = sand content (%), Silt = silt content (%), Clay = clay content (%), Clay plus Silt = clay + silt contents (%), Avail. P = available
phosphorous (mg kg™), Exch. K = exchangeable potassium (mg kg™), and SOCD = soil organic carbon density (Mg C ha™). *Correlation is significant at 0.05 probability

level, **correlation is significant at 0.01 probability level.
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1500 m (class 3) maana%ummﬁmaqﬁu (0-30 cm)

M13197 5- 8 A1 Pearson’s correlation coefficient kansmnuduiusvenauiinianienLazlalvedfiu NseAuaNLaINsEiulmela 939 1200-

Soil Clay
Elevation BD Sand Silt Clay pH CaCO; | Avail. P Exch. K SOCD
Moisture plus Silt

Elevation 1.00
Soil Moisture 0.650™ 1.00
BD -0.823 0.221 1.00
Sand 0.148 -0.062 -0.106 1.00
Silt 0.156 0.218 -0.138 -0.365 1.00
Clay -0.258 -0.042 0.203 | -0.766" -0.319 1.00
pH 0.336 0.065 -0.179 -0.260 0.5 0.611 1.00
CaCo; -0.493 0.072 0.095 -0.567 -0.045 0.608 | -0.126 1.00
Avail. P -0.687 0.389" 0382 | -0.718 -0.003 0.733 0.089 | 0.797 1.00
Exch. K -0.558 0.421° 0.821° -0.246 -0.266 0.434 0.307 | -0.055 0.359" 1.00
Clay plus Silt -0.154 0.024 0.251 -0.007 0.127 -0.080 0.026 | -0.435 0.047 0.329 1.00
SOCD 0.480 0.432° -0.445 0.787 0.091 | -0864" | -0.292| -0.579 -0.775 -0.613 -0.163 1.00

BD = bulk density (Mg m™), Sand = sand content (%), Silt = silt content (%), Clay = clay content (%), Clay plus Silt = clay + silt contents (%), Avail. P = available
phosphorous (mg kg™), Exch. K = exchangeable potassium (mg kg™), and SOCD = soil organic carbon density (Mg C ha™). *Correlation is significant at 0.05 probability

level, **correlation is significant at 0.01 probability level.
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5.2 nsUszidiunandntnalnadesdnd/dnlnaudanug wazineaswaunau Tuaatunisaiagiu

5.2.1 Yayasan1wenne (weather data)
5.2.1.1 anngiienniAsfntelaguu U a.a. 2006-2015, da1un1salnsdnassanngiema
(climate scenario) WUU A2 LLaz B2

1) YSueuielu

a = v A

nveyausuaiuadufwseantialagiu fe U A.A. 2006-2015 (Ug1u) wuin JuUsuw

q

] <~

Wwwadey 102.7 13./U lngUSuaudugeign fe lutiassudonau Susunadwwaie 236.4 u./U

Turned luthadoununiug Uunudwutiosiian Aewads 2.6 1u/A 1ngud 59 anftud Uimgy
drududy Santadeoddnl dussiSuanunsauatiiieunguaiay LLazazéuanuUszmwmﬂiNLﬁau
panAL TIuTzozIailuanUszan 6 1oy luvasiiaeldaaiunsainisdassanmaiiennia 2
AULIE1 e 9T AA. 2016-2031 WA 2032-2046 UB3Y 2 climate scenarios Ao LUU A2 uaz B2 4
WU 90 scenarios Wwaw MnATUNAN dsraliUiinaniuanasilefieuiudgiu snu meldaaunsal
scenario A2 Tud19 2016-2031 ardmaliusuaiduiviudndes oerdlsfiau Taslutd ..
2032-2046 meld scenario B2 awilUsinauhutiosaaifieifouiuiu 4 Ae anaundeuszun 80 ui./
T Svanas 22.77 uu/A vieAmdudovay 22.1 gy Fuaniseasdealilumed 5-9 venani
ganudn el scenario A2 Tutas A.A. 2016-2031 wag 2032-2046 waz A1eld scenario B2 lutis a.¢.
2016-2031 U‘%mmfwwuqqqmzLﬁuﬁmmﬂgm (236.4 wu./D Twdoudamay) WJu 283.1, 281.7 wag
259.9 11./A) Tufoutugou mud iy FusfuimsesBuanidugsaaarainningulssanu 1

\ow Turagh neld scenario B2 Tutis A.A. 2032-2046 USHautnugagnazanasaInlgnu wigiaan

awliidsuwdas nan fe YiwesUSunaniluaiandzUssunauiou NI vise Fmiey

A998 5- 9 wansUSananiieiy (uu/A) Yg1u (A 2006-2015) wag el climate scenarios A2 Wag

B2 USiaudutuaiuIy Janiadesil

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Average

2006-2015 10.9 2.6 235 523 | 189.0 | 160.5 | 2025 | 236.4 | 1852 | 130.5 | 31.6 77 102.7

A2 2016-2031 | 2.0 33 1138 | 21.6 51.2 156.3 | 219.7 | 230.5 | 283.1 | 143.6 | 18.9 7.1 104.3

A2 2032-2046 | 15.6 | 19.7 229 38.9 47.9 170.6 | 233.0 | 201.7 | 281.7 | 144.0 | 294 16.0 101.8

B2 2016-2031 14 53 6.5 11.2 46.4 163.9 | 2845 | 208.9 | 259.9 | 1055 | 21.5 6.1 93.4

B2 2032-2046 | 2.4 2.6 2.0 115 41.7 1241 | 2233 | 2234 | 2126 | 92.2 22.1 2.0 80.0
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Precipitation
300
250
200
—2006-2015
£
g =t —— A2 2016-2031
A2 2032-2046
100 ===B22016-2031
===B22032-2046
50
0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

JUN 5- 7 wanensilSeuiieudinaniwusiedeu Ug1u (.. 2006-2015) uaz angld climate

scenarios A2 Wag B2 USLIgUUIMILTY Fandndeslng
2) gaungal
9 u

a N a ! %’ ! J % (% IS 1 IS A ° a t:l' A 1
gaumiiadeusnuguiutudy Jandnedd Tulgiu fie 26.9 °C lnvgumaiigaiign fie Tugs
Wanwg 30.5 °C Tuvaen ludinneuunsiay lgamaliaiian fie 22.8 °C 91NA15199 5-10 waggy

q

71 5-8 uandlifiudn a1eld scenario B2 Tutg 2016-2031 way 2032-2046 uag Meld scenario A2
Tutias 2016-2031 zdanaliudnguiusiugy doindednl foamgiindsfanauilodisuanlyu
(26.9 °C) \Tu 25.9, 26.6 uaz 25.8 °C muawu enyiumels scenario A2 Tutg 2032-2046 aziignngll

waginTuaInUgu 1y 27.2 °C

A a v a a = = < ! ] N A

WeRasauuwildunsiudguiasvesgaumiiluseul 93U 5-8 el dausdiiou
unsau 84 Tgureu Mavdsunlaetsgumnniinelaaniunisel climate scenario A2 uag B2 9¢genin
gaumgiiadelutg Tumenssiudu sawsdasieunsngiau fs Suneu gamiindelulsuazding

N1 gaumginnglaaniunisel climate scenario A2 way B2
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5197 5- 10 uansgamndl (°O) Ig1u (AA. 2006-2015) way Meld climate scenarios A2 uay B2

USagud Ly Smindeals

20

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

=—A2 2016-2031

-A2 2032-2046
==-B22016-2031
= =-B2 2032-2046

Year Jan Feb Mar Apr | May Jun Jul Aug Sep Oct Nov Dec | Average
2006-2015 22.8 24.7 27.5 30.5 29.6 28.6 27.8 27.6 28.0 27.5 25.7 23.1 26.9
A2 2016-2031 21.7 25.0 26.5 30.6 30.6 21.7 26.0 25.6 25.5 254 233 21.7 25.8
A2 2032-2046 23.1 26.1 29.9 31.8 32.3 29.2 26.6 26.7 26.5 26.5 24.9 22.9 27.2
B2 2016-2031 21.3 24.8 28.3 30.7 30.8 28.3 25.6 25.5 25.7 25.7 234 213 259
B2 2032-2046 21.9 25.5 28.9 30.8 31.2 28.9 27.0 26.3 26.1 26.0 24.1 22.2 26.6

Average Temperature
34
32 —
=—2006-2015

JUN 5- 8 uanensiIeuiisugamgisnesulsnu (A.a. 2006-2015) uay Aeld climate scenarios

A2 wag B2uShaigutuaiuay Ymindedlvy
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5.2.2 Yayanviazn153AN1INY (crop data and crop management data)

Poyanandmiunuudnaes EPIC Usznausie Yeyanmaudfvesiu Yoyaan1menia Yoyaiy
Larn139AN1siY taglanie Jeyaufiunisugniivuaznisdanisudas dmsunisuditeyaly

LuUT1ae4 EPIC Mn1sugndriinadesdai/Anilnawdaiuduazinunsnaunaiu lauansseazidenl il

'
=

M5 5-11 wag 5-12 nedeyamaiillaainnisiduuuasuaiuaininuasnsluiiuidnw 310ty Yoy

Y

a

Iganuuugeunuazgnihunasuazdaivlu excel file Fanuin Tuiuideaiudeyanisdnnisivay

vy
v A

ANUUANANSIL 9T 99INFULUUNNTIANISUUAYBLNYATNTUARES Y il Jadndudosinisasy
uazdndenguuuumsdanisulasvesiainilnadesdn/Aminamdaiusuasinunsuaunauiinuan
fign wield Jusunuteyafivuaznisdanisivvesnisimzugnluusazgg dwiuinirdeyaly
wuudnaes EPIC

othslsfions Tunsnunidsnaidoindmivdsuiunandnvesfivursia fuuusrass EPIC
Felulaunsaussiiunananvesiivimantuld 1ilosa1n crop parameters vosuuusiaes EPIC Sl
aseuAguitsnnvia liun fnmes fnnie anoiuess ngmand veuuns dnd eglanla nuw wazdnanuy

U 1 [ £ ) v 1A a a a £%4 o s
A33 A9 WUAUY UaNINU ﬂ\‘iLLN?WW%UWQ%U@Q%GWNWiﬂUiSLNUN@N@WI@]I@EJI%LLU U188 EPIC el

o oA v a A

Tod911in Sosdeyanandnvoafigty o Joundsiduludmiu model calibration 1 ddas 1wy
v = X = vyvo a a Y a a v & T & Y &

Aty Tunsdnwnid Fslaviinisussiliunandnuasiie 3 i As T1lwaEssdnd Ul wag undng
1A Wa198U109 crop parameters Y9ILUUINADY EPIC kA Joyananandeaunds @15y model
calibration 9181989370 dtineuLAsegianisinens asseyliluuny 3 aden 3.1.5 uenand N3
Uszillunandnuesive laskuudnass EPIC lalatinsusziiulaemdedansivasuntasnislaussles

d‘a
N
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A15797 5- 11 Foyaufiiunisugndnilnededni/wdeniug wazn1sdnnsuUasnunsveinuning

nslddeinad
afadt 1 afadt 2 ASed 3 . asdt 5
= a o 4 I3
um LGl Ug | wianug U3 ) 3 3 B Wy
uuas n ndgn o 429178 ) LPNBE] u 49178 u L NBE] u LPNBE] e
ans g3 gns gns gns
(nn/ 4l (nn/ 4l (nn/ 4l (nn/ l (nn/ 1
13) 13) 13) 19) 15)
1- UATAITT 16-20- 16-20- 46-0- 46-0-
ADIUAN 1-nA . 65 1-nA 65 15-NA 75 1-@A 75 1-ny - - - 1-9A
b A3 0 0 0 0
wanwug
L - | 16-20- 16-20- 46-0- ) 46-0- ) 15-15- )
AN 1-6A 41N 87 1NN 87 15-AN 35 1A 75 154l 17 314lA -y
uA 0 0 0 0 15
888
wanwug
. - | 16-20- ) 16-20- _ | ae0 46-0-
Al 1- 41N 53 14y 53 154y 50 1-nA 50 15-nA - - - 1-ny
A 0 0 0 0
888
wanwug
3 ) - | 16-20- 16-20- 46-0- 46-0-
Lwaifn 14y I1Ine 20 1-dm 30 15-am 30 1-ny 30 15-ny - - - 1-ng
neA 0 0 0 0
888
13 v €
Wanug
. 1- . 16-20- 16-20- 46-0- 46-0- 15-15-
ERTET 1-nA 41Ine 31 1-nA 31 15-nA 50 1-dm 50 15-@m 25 1-ng 1A
1le) 0 0 0 0 15
888
Un9iiu 1- UATAITT 16-20- 16-20- 46-0- 46-0-
1418 . 67 1-dA 67 15-a@m 52 1-ny 52 15-ngy - - - 1-we
Wu neA A3 0 0 0 0
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M13197 5- 12 JayauiununsnauHaIuLazn13IANISLUAUNYATULNYATNT

nsladeind
R S9UNIY G s adad 1 asad 2 RTE adah 4 L.
fua Ugn YUaWUgNUgn WUy
bnzUgn wdas
U3ued . U3ued ' Y3ueu . Y3uau .
gns } 494981 gns . F94787 gns ) P98 gns ) 44981
(nn/13) (nn/13) (nn/13) (n/l3)
I3 o
. - LaeTiug
F9UN 1 1-n.A. 1.y . 16-20-0 40 1-n.A 46-0-0 40 15-n.A. 21-0-0 30 1-n.8. - - - 1-p1.A.
i d1lnm 888
wAn
50U 2 1-W.8. 1-5.. Auns 16-20-0 25 20-5.9. 16-20-0 25 1-n.9 13-13-21 120 14 - - - 1138,
sUfi 1 1-n.A. 1-31.8. UATAITIA 3 16-20-0 134 1-n.A. 16-20-0 134 1-n.8. 46-0-0 134 1-n.A. 46-0-0 134 1-n.8. 1-5.A.
Yusiu PR
y 069894 (83 .
UM 2 1-u.A. 30-1.A. 16-20-0 50 1-N.0. - - - - - - - - - 1-3.a
W3y)
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5.2.3 NNSA5298UAMNNUNTDNDMATUTEANSNINVDILUUINADY EPIC

1) Model calibration

ANNIS1TLMBANNSU calibrate wuUINaae EPIC lawanisivazidenlilumn1s1en 5-13 tngly

= o

75113 trial manual neldvisvesAfignuuzin (suggested range) Lilunuudnass EPIC uanani

Y

& o &

crop parameters Y0301l nALAEIERT TulTe wag dundes Ngndvualily crop files vos

LUUIAD9 EPIC fauandlumisian 5-14

A9199 5- 13 ATNNSITAEIENSU crop parameters Ml4a115U calibrate EPIC model

Suggested
No Parameter Symbol Initial value
range*
-1 -1 2
1. | Biomass-energy ratio (kg ha MJ m) WA 25 10-50
0.1-55
2. Harvest index HI 0.5
1200-2400
3. | Potential heat units (°C) PHU 1800
4. | Water stress—harvest index PARM(3) 0.5 0.3-0.7
5. | SCS curve number index PARM(42) 1.5 0.5-2.0
* EPIC suggested range
A19719% 5- 14 List of parameters in the crop files
Input variable Explanation Maize Soybeans Potato
WA Biomass-Energy Ratio 40 25 15
HI Harvest index 0.5 0.31 1.12
TOPC Optimal temperature for plant growth 25 25 18
TBSC Minimum temperature for plant growth 8 10 3
DMLA Maximum potential leaf area index 5 5 5
Fraction of growing season when leaf area
DLAI 0.8 0.9 0.6

declines

First point on optimal leaf area
DLAP1 15.05 15.01 15.01
development curve

Second point on optimal leaf area
DLAP2 50.95 50.95 50.95
development curve

RLAD Leaf area index decline rate parameter 1 2 2
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Biomass-energy ratio decline rate

RBMD 1 10 10
parameter

ALT Aluminum tolerance index 3 3 3
CAF Critical aeration factor 0 0 0
SDW Seeding rate 20 35 200
HMX Maximum crop height in m 25 1.5 0.8
RDMX Maximum root depth in m 2 2 2
CNY Fraction of nitrogen in yield 0.0175 0.065 0.014
CPY Fraction of phosphorus in yield 0.0025 0.0091 0.0014
WSYF Lower limit of harvest index 0.05 0.01 0.01

Nitrogen uptake parameter (N fraction in
BN1 0.044 0.0524 0.06
plant at emergence)

Nitrogen uptake parameter (N fraction in
BN2 0.0164 0.0265 0.025
plant at 0.5 maturity)

Nitrogen uptake parameter (N fraction in
BN3 0.0128 0.0258 0.012
plant at maturity)

Phosphorus uptake parameter (P fraction
BP1 0.0062 0.0074 0.006
in plant at emergence)

Phosphorus uptake parameter (P fraction
BP2 0.0023 0.0037 0.0025
in plant at 0.5 maturity)

Phosphorus uptake parameter (P fraction
BP3 0.0018 0.0035 0.0012
in plant at maturity)

BW1 Wind erosion factor for standing live 0.433 1.266 3.39
BW2 Wind erosion factor for standing dead 0.433 0.633 3.39
BwW3 Wind erosion factor for flat residue 0.213 0.729 0.32
FRST1 First point on frost damage curve 5.01 5.01 5.01
FRST2 Second point on frost damage curve 15.05 15.05 15.05

2) Model validation

[ [

A5 validate hUUF1a09 LWuTURDUEIAY N8991nN1S calibrate W1s1TLMBS Y99 module

o

A9 9 138U5P8WAD N3 validate wuudiass Lun1sesvaeuauAaInRdeuLarANNL LB DYDY

wuudaes Fedndusesldnannisnieadd Whandrslunisdiuia vdnnisna o 1 agilunis

' [
a =

a P ' o ca ° ° v = a ] . ) v e
LﬂiEJ'UL‘V]EJ‘Uﬁg‘W'J'NNaaWﬁV]LL‘U‘Uﬂ]']a@ﬁﬂ']u’Jmlﬂ 99%L38N71 Simulated value AU NAAWTNLARUU
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!
a = = 1 =

259 9921580791 Observed value d1%5UN15L9U1UDY Observed value %%uagjwdﬂ%amaw

KV

wegiglunisidniiadeyatiu o lun1s@nwiil Observed value vaawanAnt 1 lnAdeIdn /A1l
waaug SudSwazdundes Mleyaan drdnauasugianisinens nduldviinisindedoys
HANAANTAINETD GoUNad 10 Usiaual W.a. 2546-2556 Laldlunis validate wuudnaos d1usuden

Y9INITIUTIMTeYadoundwmane q U Ae ieanaduliadiaue wazanudaledvesdaya

1
= 1

\Wenuandniiy TuusazUagiuediurateUads wu gnnde (Fuuds Uviw) enadawaliuTuna
HaKAAA1NITUNR 138 wleuiwatuayuwasusielaainniasy envdwmalvuunnaninganiny

Und Wusu

dmsuluns@nenil LRlgIEN15UTEUNUAIANURANAIAAY 2 dUN1S AB USLANSAINUBY
Tuiea (EF) waz Root Mean Square Error (RMSE) @sldimuuaaianuaaininasusad RMSE figausu

1o A9 lalviu 20% way EF u1nnin 0.5

| o a wa ° P Y @& o v A A o & A [
EJEJNIiﬂW]iJ IuquUQUWLﬂHmiﬂ{Lu@qLﬂ@LLllLL"ﬂln,GULlla@WUﬁ:U’]'ﬂW@V]LMNQUﬂUWQV]‘UQﬂLﬂu

v & o o« 1% @2 o & 1w a = =
GZJ']'JIW@LaEJQaGnLLagUQﬂmTﬂWWLuaﬂwuq GINﬂu‘Vlﬂi:ﬂ‘U’Jumi@LL@LL@%NE]‘LAIGUGIJBQM‘JUQﬂ IUﬂqiﬁﬂ‘Uq

[ '
v =< o a

1 wudgndlnawdaiudnanuadunisugnuuuinensiusdyey Fededndunisnnduneu

Y o

Qll a o UK ¥ q’ 1 d‘ 4 dy U & vV r.:f! a %
munusEnadyalafimuall Faunni19ninensnsiugndnlnaiesdnimenue@dinisinns
v | ANa & ' | AN A g 9 v o
wlastmlnenuauanusavenues wu windduiagldady Tdarsiadivin wnlufifeslald detu
Tun1s calibrate wag validate wuudnaas 3kilakenUsznnvasdnilng Jedaaldanlunis calibrate

waz validate 1uALAeniu

5.2.4 nsUssifiunandnd1alnaiesdnd/d1lnamdanug was neasnaunaIu i
wuuIaas EPIC

5.2.4.1 wandnd1lwadesdnd/d1lnawannug

nMsvsziiunanindlnadesdni/dnlnawdaiugieuuuitass EPIC Tuaniunisal
U990U nud anueranAfeuegsENing 11.08%-17.46% uazUseanSnInegsening 57% 67% A

wandlunns1af 4-35 wazguin 4-31 laenudn msvseidunandndnlnabesdad/dalnawiaiug u

[ ' [ 1l
A ISP =

A o a )~ o N =
‘WUV]WWUaUWQVUNUNﬂQWNLLNUQWQQﬂ'J']WU'V]@u 9 FIUAIAINAAALATDUUTZUIU 11.08% Uay

1 ' ¥ '
= =

UseAngnmyseann 67% luvae? Hudduatians wud danuwludtdesfigaiieiiisuiuium
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=

3 9 FalAAnuaaInndeulsEaIn 17.46% wavUseansninuszuna 57% usegnslsiniy deeg

Tusgaunausulamuinaueiniirue

A15199 5- 15 1an15UseLiuUseEnSa1niagA1ANARIALARBUTBY WUUIand EPIC Tuns

Usziliunandndalnadesdad/Alnaudnig

o

Flnadesdnd/dalnamdaius (nn/ls)

Aua Observed value* Simulated value RMSE (%) EF
NBILUN 698 721 11.36 0.64
RANGE 710 745 17.46 0.57
a7l 703 731 12.09 0.61
WiAn 648 621 13.65 0.61
WURT 708 741 16.32 0.60
Unariuru 691 707 11.08 0.67

* 91NN158150AEUNY Tu U W.A. 2560
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a a a w =1 o ¢, v & o ¢ a .
LLN‘N'VILLﬁﬂﬂUiquNaNaﬁmTﬂWﬂLﬁﬂ\‘iﬁﬂ')/“lﬂ’ﬂ‘l/\lﬂL&Iaﬂwuﬁq n38d Baseline

= 98°0'0"E 98°10'0"E 98°20'0"E 98°30'0"E 98°40'0"E
o 1 ) 1 1 )
‘C_) -
>
v (% 4
UNUAUNS
r4
o
S
>
LANUR
WHLAR
z
=}
q% —
@
WNUAg
z
o
? o~
@
=z
g maﬁud
@
Qs %3 o
fUanH

. [ Jéwa
=)
g B - 55
@
- I 651 - 680

681 - 699

700 - 716

B >716
T 1 ) 1 )
98°0'0"E 98°10'0"E 98°20'0"E 98°30'0"E 98°40'0"E

JUT 5- 9 unufiuansUsuamanandlnadednd/Analnawdeiug nsdl Baseline

19°10'0"N

19°0'0"N

18°50'0"N

18°40'0"N

18°30'0'N

18°20'0"N
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5.2.4.2 HANANUBINUATNEANNEIUY

o

A1 observed LafigvoINaKFnTUNS Iz undee 31nTayavedd1inuATYEAINITNYAS

a a 9 a

wuidn denadvegnuszana 2,345 wag 291 nn/ls mudeiu Tums@nwil duauddn lagnidenli

Y

(%

Huiufnunawaunany Augnininadesdnd/drinadianus wasduiss Tuvasd fuidvatiu
st Idgnidentiiduiuiinunsnaumay fugndnnadesdniAninadaiug wasdundes nans
Useifunandndaouuusians EPIC Tuanunisailagtiu wut nandaugndnlnaidssdnd/Amilng
aus wazudss Tudwausidn farUszann 711 waz 2,270 nn/ls auddu waznandnlgn
drlwadeadni/Anlnadaiug uasdunios lusuathuiv fdwszana 719 uag 273 nn/ls
U AeuRaneLAdsuLarU sEAvBnmuasLUUTaes EPIC Tumsusziliunanand1ilnaides
0 s/dninaiudaiug veuks 2 fua eglussdufivousuld Ae RVSE wihfu 11.77 EF wiriu 69%
VRITUALNAN WAy RMSE 111U 12.16 EF 111U 52% Yaes1uatiuiiu audiau §miunis
UssidluwarAndiud$a Sa RMSE winfu 19.43 uay EF iy 59% waznisussidunandniamdes &

A1 RMSE 1ifu 17.78 uag EF 117U 61% fauanslunisneil 5-16 uagguil 5-10 Geagluinmusid

gousula

A15199 5- 16 wan15UsE I uUTEENTAINLALAIANAANALARBUTDY LUUT1a09 EPIC Tunns

YTLLUUNANANYDIN WA TNAUNAU

. - Observed Simulated
f1ua AGIAGI] RMSE (%) EF
value* value
Flnadeadas/
I 693 711 11.77 0.69
waldn waawg (nn/ls)
sy (nn/19) 2345 2270 19.43 0.59
Sl naEeadns/
o 697 719 12.16 0.62
oo wdeniug (nn/19)
uU
Dna0g (DI5L)
. 291 273 17.78 0.61
(nn/1s)

* 91nAE1sI9nAEUIN Tu U w.e. 2560
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UAUNLEASUSUUNANAA VD UNBATHEUNEIU NS0l Baseline

98°0'0"E 98°10'0"E 98°20'0"E 98°30'0"E 98°40'0"E
Z 1 | 1 1 |
o
g — -
®
v s 4
UIUAUNG
r4
=3
nC) oy =
(=)
LANUA
WHLAR
e
o
3 B
x
r
&
2 R
o
F19LA9
z
(=3 a
3 1siiuelu -
0
> (> d
AN LY

_ nadgwIn [Jsiua
o
8 B -5 =
o]
- 651 - 680

| 681 - 699

| 700 - 716

Hl >716
L) 1 ) 1 1
98°0'0"E 98°10'0"E 98°20'0"E 98°30'0"E 98°40'0"E

JUN 5- 10 UHUTLAAIUSUNUNANER VBN YASHALNATY N6 Baseline

19°10'0"N

19°0'0"N

18°50'0"N

18°40'0"N

18°30'0"N

18°20'0"N

125



5.3 nsUszidiunandntnalnadesdnd/dnalnaudanug wazinenswaunau lusueanieldnis
wWasuwlasdnmaiianae
53.1 n1suszfiunandndialnadesdnd/dlnaudanug lusurannieldnnsg

wWasuwasanmgiiennia
nsussdiuinamandnvestlnadesdn i dinawdeiugneldnaudeuuasanm

pllenmia showuudiass EPIC Tunmsam wud mswdsuulasanimgiionnianigld A2 scenarios
e ardmanszvuludindeuinusandadninadssdn idinawdeiug Tnelugas
seueInvesy A.A. 2016-2031 mamamzLﬁwﬁumﬂﬂgmmmdwmﬁzazﬁam (A.A. 2032-2046)
Tumamsatudna msAsuutasaningfiennameld B2 scenarios Waestasiaan azdswansznuly
FsauseUinamanandrilnadsednd/Antnawdaiug Tnefivisssesfiaesazdenaliuiuamanie
Fnlwadednd/Aninaudaiusanamnyannnilutasssezusn Fauandumsed 517 wa
SUT 511 - 5-14 vt Lilosananeld A2 scenarios fUFinmthaulneaniigands meld B2 scenarios

wazUsenauiu neld A2 scenarios HUSHNMANUTNTUYRY CO, Naandt FedawaliSuamandn

WiNAuEINT

A15199 5- 17 YSinamandadnlnadesdad/dnlnawdaiugluewanmelinisiuasuwdasanin

nilone
e wandnd1 nassda s/ dlnamdaiug (in/ls)
Baseline | A2 2016-2031 | A2 2032-2046 B2 2016-2031 B2 2032-2046
NBILLUN 694.50 902.63 833.40 604.22 527.82
VANEE 669.75 857.19 803.70 582.68 683.15
NI 693.60 853.86 832.32 603.43 527.14
Uneuu | 700.75 918.46 840.90 609.65 490.53
WUUIRT 703.43 861.75 844.11 738.60 717.50
wal@n 641.86 885.76 770.23 673.95 449.30

126



a a a v S v o¢,v 2 o ¢ v . .
LLN‘L!‘VILLﬁﬂﬂUiuﬂmNaNamJ’l’ﬂWﬂLﬁﬂﬂﬁﬁ’)/‘lﬂ’ﬂ‘l/\lﬂL%Jaﬂwuq ﬂ’]ﬂﬂlﬁ] A2 scenarios 974

U a.6. 2016-2031

98°0'0"E 98°10'0"E 98°20'0"E 98°30'0"E 98°40'0"E
1 1 1 1 1

N

19°10'0°N
1
1
19°10'0"N

9 as L4
YIUAUNT

19°0'0°N
1
I
19°00°N

LANUNI

WHILAR

18°50'0°N
1
T
18°50'0"N

—

WHAN

wHluIag

18°400°N
1
1
18°400°N

HF19LAY

atiud s
19y g ﬁ{;}

18°30'0"N
1
18°30'0°N

AouANBL

o

TUNL Dﬂ@ ] éua

B - 551 -
[ 651-680
[ | 681 - 699
[ 1700-716
[ >716

18°20°0"N
1
18°20'0'N

] T 1 T 1
98°0'0"E 98°10'0"E 98°20'0"E 98°30'0"E 98°40'0"E

JUN 5- 11 Lqu‘ﬁLLamﬂ%mmwawﬁmﬁwﬂwcﬂLﬁmé’mi/%niwewLué‘@ﬁ’ué Melé A2 scenarios 129U

A.A. 2016-2031

127



a a a v S v o¢,v 2 o ¢ v . .
LLN‘L!‘VILLﬁﬂﬂUiuﬂmNaNamJ’nI‘WﬂLﬁﬂﬂﬁﬁ’)/‘lﬂ’ﬂ‘l/\lﬂL%Jaﬂwuq ﬂ’]ﬂﬂlﬁ] A2 scenarios 974

U a.6. 2032-2046

z 98°0'0"E 98°10'0"E 98°20'0"E 98°30'0"E 98°40'0"E >
=3 L 1 1 1 1 s
e - L. &
& &
£ z
g 4 - S
& 2
HANURIG
hAWAR
z z
L =
3
WNUNAT
£ z
}
2 g
z z
2 <
s s o
qeuanuol
o £
< 1 N - o5 - S
& )
651 - 680 v
[ 681 - 699
700 - 716
I -716
T T T T L)
98°0'0"E 98°10'0"E 98°20'0"E 98°30'0"E 98°40'0"E

JUN 5- 12 Lqu‘ﬁLLamﬂ%mmwawﬁmﬁwﬂwcﬂLﬁmé’mi/%niwmLué‘@ﬁ’ué nelé A2 scenarios 129U
A.A. 2032-2046

128



a a a v S v o¢,v 2 o ¢ v . .
LLN‘L!‘VILLﬁmﬂiﬁJﬂmNaNamn'ﬂWﬂLﬁﬂﬂﬁﬁl')/‘lﬂ"ﬂ‘l/\lﬂL%Jaﬂwuq ﬂ’]ﬂﬁlﬂ B2 scenarios 44

U a.6. 2016-2031

=z 98°0'0"E 98°10'0"E 98°20'0"E 98°30'0"E 98°40'0"E
;g y 1 1 1 1 1
&
9 as 4
UIUAUNS
Z
=)
-
‘c-, '
LANURY
wNUAR
z
o
5’% —
o
WU
Z
o
? —
o
Z
o a
3 SIRKITEITAL
@
s a
Auanual
o
1 B
@
- [ 651 - 880
\ | 681 - 699
[ ]700-716
716
T I T I )
98°0'0"E 98°10'0"E 98°20'0"E 98°30'0"E 98°40'0"E

JUT 5- 13 unuiansUsunamandndalnadednd/dinawdaiug aneld B2 scenarios 439l

A.A. 2016-2031

19°10'0°N

19°0'0°N

18°50'0"N

18°40'0°N

18°30'0"N

18°20'0°N

129



a a a v S v o¢,v 2 o ¢ v . .
LLN‘L!‘VILLﬁmﬂiﬁJﬂmNaNamn'ﬂWﬂLﬁﬂﬂﬁﬁl')/‘lﬂ"ﬂ‘l/\lﬂL%Jaﬂwuq ﬂ’]ﬂﬁlﬂ B2 scenarios 44

U a.6. 2032-2046

18°20'0"N

=z 98°0'0"E 98°10'0"E 98°20'0"E 98°30'0"E 98°40'0"E
Eg & 1 1 1 1 1
&
Z
=
2 .
)
LANURN
wUAR
=z
o
OUO') -
9 I.
WHUag
£
o
§ —
oo
F19LAY
z
[=J a
3 1eiun
©
s s o
AN
z [ éwa
o
£ . s
ksl
[ 651-680
[ |681-699
700 - 716
N >716
1 ] T I I
98°0'0"E 98°10'0"E 98°20'0"E 98°30'0"E 98°40'0"E

JUT 5- 14 unuiansUsuamandndnalnadesdn d/dinawdaiug aneld B2 scenarios 439l

A.A. 2032-2046

19°10'0"N

19°0'0"N

18°50'0"N

18°40'0"N

18°30'0°N

130



5.3.2 maUszillunardnneasnaunaylusuanneldnisasuulasanimgiionnie

mﬂmsﬂ'ﬁzLﬁuﬁm%wamaamﬁLU§EJuLLanaquﬁmmﬁ@iaﬂ%mmmamﬁmaaLﬂwmwammu
Freuuusiass EPIC Tunmsau wuh Usnamandedrilnaiesdnd/drinamdaiusvosisanaiiud
WasuwaslUlufiemadeatu nanie nadsuwasaamgiiennianield A2 scenarios fiaas
s agdsnansznuludanindeuiinamandadrlnadedn A ninaudaiug Ineanglutag
syozusn fio U A.e. 20162031 nandnazifiatuannUgiuannniinaszesiiaos (ae. 2032-2046)
Tumamsaifudng nsAsuntasannfionienels B2 scenarios fieanstam azdmansenuly
FsaudeUsinamandatrlnadssdn s/ dninaudaiug Inefidsszesfiaesazdanalyiunananan
Fnlnadesdnd/dinawdaiuianasndguannniilutasssezusn

Tuvauzdt mmeldmsasuulasanmgiionnimazdsnsenuludanindeySinumananuesiu
{53 Tusihuausi@n wag duvdes lushuatuiu wudl Uinnanandaveasiunss wazdivaesas
Fiutuaindgiu Tuyn q climate scenarios Tnorandnvosiuns uazduvdos andfiuduuniian
Meld A2 scenario Tutis U a.a. 2016-2031 5998911 A A2 scenario Tuts U a.a. 2032-2046, B2
U A, 2016-2031 uaz B2 U A.A. 2032-2046 ud iy dauanslunmsnedl 5-18 wagguil 515 - 518
MnMsAnund wandlidiui feildihiios arlildunanssnuainnisasuulasanimgiionnie

v YV a

P Y] ' & 5 a Y < [y 1 X (5 a
Lu@\‘iﬁ]']ﬂwsﬁﬂﬂﬂa'n‘lifUu@EJﬂUﬂ"ﬂ"UEJW]u‘UﬁﬂﬂJUWNULLﬁSquﬂﬂJL‘Uu‘Viaﬂ LLG]"U%GUUE)E{!ﬂU‘UiiJ']ﬂJﬁ']Q

Y

@

a = = r.:slj v Y & ' a a = dy A 901 1 oAl v v W
21M5luAU "?NIUﬂ'ﬁﬂﬂ‘U']Ul@LLﬁ@\ﬂ‘lﬂL‘WU'ﬂ’]UiﬂﬂmmaNGWUENWGUIU‘WUVIQNU"ILLNLL%NNQ?WNE“INWUS?]U

¥
v o Y o

U3unau SOCD agditduddgvneadn ety nsdnnisulasiuiioiaysunadunidingluiu Fadu

adq = o 1 a v A t:ll a a go’
’Jﬁ‘Vi‘Ll\WlGUSSU'JEJaﬂLLEWLG]i‘EJﬂJiUlIE)Naﬂi%Vl‘U'ﬂ']ﬂﬂ’]iL‘UaEJULL‘Ua\‘]ﬁﬂ’]WQ'ME]']ﬂ']ﬂ‘lﬂ?ﬂﬂiﬂﬂﬂéﬂ']ﬁ\lua(51

Wewas uazoumaiiiiugeula

a a a v N a
M990 5- 18 ‘Uill']iuwaNamLﬂ‘Umiwﬁuwﬂq‘lﬂu@u’]ﬂ@ﬂqﬂimﬂ'ﬁLUaHULLUaQaﬂWWQNQWﬂWﬂ

HANES NANAATIILN
Frilnades L Feoadnd/ fundes
i Climate o HURTS s Climate . B B
finua dny/alne , finua PNINALLER (fusy)
scenarios o . (nn/1s) scenarios Y. .
ARG v (nn/l3)
(nn/13) (nn/13)
Baseline 692.57 2344.71 Baseline 697.43 291.14
. A2 2016-2031 878.90 2649.53 A2 2016-2031 836.91 334.81
wl ..
- A2 2032-2046 747.43 2480.11 UUNU | A2 2032-2046 753.22 320.26
fn
B2 2016-2031 668.00 2415.06 B2 2016-2031 685.43 308.61
B2 2032-2046 442.43 2391.61 B2 2032-2046 589.47 314.43

131




a a a v A & o ¢ v
LLN‘L!‘VILLﬁﬂs‘l‘lJi&ﬂmwaNaﬂ"U’nIWﬂLﬁ‘c‘Jx‘lﬁﬁ’J/‘lﬂ’ﬂWﬂLSJaﬂwuﬁﬂlmmvﬁliwﬁuwﬁ’mﬂﬂﬂﬂlﬁ

A2 scenarios 939U A.A. 2016-2031

98°0'0"E 98°10'0"E 98°20'0"E 98°30'0"E 98°40'0"E
£ 1 1 1 1 1
8
5
v as 4
UNUAUNS
z
=3
S .
=
TEIY T}
=z
S
4
wNug
ra
o
§O' =
A19LAS
z
f=3 a
3 - Ur9siueluy
[ Qs L4
NoyaNLHo
s na’wan [ e
S B - o5
o
[ 651 - 680
| |e81-699
| 700 - 716
I 716
T T ] T 1
98°0'0"E 98°10'0"E 98°20'0"E 98°30'0"E 98°40'0"E

19°10'0"N

19°0'0'N

18°500"N

18°40'0"N

18°30'0"N

18°20'0"N

JUT 5- 15 unuinansUsunamandndnalnadedn i/ dinawdaiugvesnunsnaunaiungld A2

scenarios 19U A.¢. 2016-2031

132



a a a v A & o ¢ v
LLN‘L!‘VILLﬁﬂs‘l‘lJi&ﬂmNaNaﬂ"U’nIWﬂLﬁﬂﬂﬁﬁ’)/‘lﬂ’ﬂ‘l/\lﬂLSJaﬂwuﬁﬂlmmvﬁliwﬁuwﬁ’mﬂﬂﬂﬂlﬁ

A2 scenarios 939U A.A. 2032-2046

98°0'0"E 98°10'0"E 98°20'0"E 98°30'0"E 98°40'0"E
P | 1 1 1 1 z
o - L S
5 5
9 > 4
UIUIAUNS
£ z
£ . LB
@ 2
LANURY
wNLAR
ra z
g ;
: - &
2 4
WHURg
z z
< 5
HI9LAY
Z -4
o £
2 - 3
e 5
%3 s L4
AN
. Naguan [ siua 5
s I - 65 -2
] — ©
[ 651 - 680 3
\ | 681 - 699
| |700-716
I -716
T T 1 T T
98°0'0"E 98°10'0"E 98°20'0"E 98°30'0"E 98°40'0"E

JUT 5- 16 unuiLansUsuamandndilnadedn i/dinawdaiugueununsnaunaiungld A2

scenarios ©39U A.6. 2032-2046

133



a a a v A v ¢, & o ¢ v
LLN‘L!‘VILLﬁﬂx‘l‘lJi&IﬂmNaNaWU’nIWﬂLﬁ‘c‘Js‘lﬁﬁ’J/‘lﬂ’ﬂWﬂL%Jaﬂwuﬁjdml,ﬂ‘isﬁliwﬁuwﬁﬂuﬂﬂﬂiﬁ

B2 scenarios 429U A.A. 2016-2031

98°0'0"E 98°10'0"E 98°20'0"E 98°30'0"E 98°40'0"E
% 1 1 1 1 1
3
s L4
UIUAUNS
z
LANUAG
eI
Z
;8 -
wWHUIg
WNAN
z
? -
FI9LAY
z
3 1hediudu
Qs s G
Aryanual
. nasuan I T
g I - 65
- 651 - 680
[ |es1-699
| 700 - 716
>716

1 1 Ll I
98°0'0"E 98°10'0"E 98°20'0"E 98°30'0"E

Ll
98°40'0"E

19°10'0"N

19°0'0"N

18°50'0"N

18°40'0"N

18°30'0°N

18°20'0"N

JUT 5- 17 unuinansUsunamandndnalnadedn i/dinawdaiuguesnunsnaunaiuneld B2

scenarios ¥39U A.#. 2016-2031

134



a a a v A & o ¢ v
LLN‘L!‘VILLﬁﬂs‘l‘lJi&ﬂmwaNaﬂ"U’nIWﬂLﬁ‘c‘Jx‘lﬁﬁ’J/‘lﬂ’ﬂWﬂLSJaﬂwuﬁﬂlmmvﬁliwﬁuwﬁ’mﬂﬂﬂﬂlﬁ

B2 scenarios 429U A.A. 2032-2046

98°0'0"E 98°10'0"E
1

98°20'0"E

98°30'0"E
1

98°40'0"E

19°10'0"N
1

19°0'0"N
1

LANKRI

18°50'0"N
1

“n

18°40'0"N
1

Uaviuelu

18°30'0"N
1

18°20'0"N
1

e T

WNURg

NavgLUn

[Jéua
I - o5
[ 651 - 680

|
l

B >716

/s

s A

Ayanual

681 - 699
700 - 716

98°0'0"E 98°10'0"E

T
98°20'0"E

T
98°30'0"E

1
98°40'0"E

T

18°20'0"N

19°10'0"N

19°0'0°N

18°50'0"N

18°40'0"N

18°30'0"N

JUT 5- 18 unuinansUsunamandndnalnadiedn i/ dinawdaiugresnunsnaunaiuneld B2

scenarios ©39U A.6. 2032-2046

135



uenanil MnuansUssduseuuudiaes EPIC Iiuandluisiuin meldnsidsuuasann
91MALUY B2 Awmaliinandndnlnadesdn i Aninawdeiug anas femel edumuuimaiio
vsnmmansznulasnsuisulfiunisinizugn Tnsinunsns msiiuedsuuUasdausifen
nguniau warUgniviasduneludeudquiou Inslateluuiuniivinby asdmaliuiinananan
Flnadesdnd/Arlnawdeiudifiutu Yssanm 14-16% aeldnsisuutamanmeniauuy
B2:2016-2031 Wagkfindu Uszana 2-17% neldnaiudsuuuasanimenniaiuy B2 2032-2046

[

NtdadedAy AsuSuaduiudulutsafinan dmwaliaatadeindalunisasydulaues

>

Ny FIARINATUANTIN 5-19

M19°99 5- 19 Usnamandadilnadesdnd/dnlnawdaiuslusunannelinisiuasuulasann

nilene lngn1susuudeudfiunsimizdgn

. wakAat 1 TnaRssda s/ lnamdawus (nn/ls)

i Baseline B2 2016-2031 B2 2032-2046
NN 694.50 792.6 710.82
FI9AT 669.75 764.05 785.15
NN 693.60 784.9 714.14
Unariuru 700.75 793.05 735.53
WURT 703.43 801.63 7715
Wal@n 641.86 745.16 681.3

5.4 nMsUszliunsgeydesinemns (lulasiau wasveanada) meldaniunisalaningiennia

Tuaunan

[ ' [%

A a1 0 ] 2 X A X A 1 Y ' o Y] a
wunquuwludy iuiungasundulngunaquaiednld Inevalunsvyuisunedss
v a a a = X A aa
9T N BN UALLNLIUNATUA (nearly closed system) tHsanluaniniunuilagun@ v

= a = a v ¢ A N 7 I I v
‘1/1‘1Jﬂﬂfqu@uﬁumﬂ@ﬂﬁmmmimﬂﬂulﬂhﬂizIEJSU‘u LLagLﬂJ@‘WGUL‘Viﬁquum’]ﬁaﬁﬂﬂggﬂﬂaﬂﬁa’]ﬁﬂjﬂ

¥

a a a Y 1 1a 1% A = =
wuALSelumy LLﬁSQ%ﬁa’]EJG]’JU&@U&@EJG’WJ@WM’W@@‘U AT TLUATIUNISHAN Nyhn WUUVLUISU

1%
s (% a

soly 1gdnswuiitsfinmyuisusgdelunsuinidmdiiyunaaufved Javilvisneimsaydy

[ '
& 1 o

aanluannszuudnAtaeuIn walilaiusenaIgnusuLla gulUduiufiinensnssy 51981115

wenINvzgaydenanivainssuuiiimug, ﬁmmmimaﬂmu aoydeluiunssuiunsiananeves

136



Auldledng Wesnlidsnldlngjreegeinsinemswarningu lneamzluanninunng Ay
2107y waghudterenisgnyzd1aianate ludnvugiduiliuasiinisaydssineinisiuiy
nszvunsvEaianatglulSunasnn navilvinueauauysalvesiiuusnuiuanmas wenani

p1avhlinaunmveslimsnzausen1sldusslew

v |
=] = v IS

MNNsAnd wud Huiugndnlnadesdnd/dninamdeiug luaniunisaitagoy 4
Usuunsgadelulasiau agsening 24.80-31.81 Alansululasiau/ienuns/U lngduaunidn &
USinasnniian uaztiesiian Ae duausiunas luvaeiiuSinansgydenoanesa ogszving 57.40-
75.62 n3uleamla3a/enuns/d Inedl suautdn Sunumsgapderleanefaunndian uaz wuilos
fign Mvausiunes meldanumsainisiasuasvesanmgiiennia wuin 90 9 scenarios uaz
yniud eilvnaunisggdslulenauuasdoalodadfiniy Wewis utulgin Tnsfinneld A2
scenario Tuts T a6, 2032-2046 azdsnaliUsmnumsgadelulasauwasioarodafintuinniias

5898911 AB A2 scenario b9 U A.f. 2016-2031, B2 scenario huaae U A.#. 2016-2031 way B2

scenario lurhs U a.f. 2032-2046 gy sauanslumsneii 5-20

a a & = ! a = ) & A
ﬁﬂwuﬂaﬂf\] AB A1NNITIANYT WU clJilnﬂJﬂqsﬁjfgl?aEJIUIﬁiL"UULLagwaawaiaiuwuw LNWAI

[y

v P X AA % & v &, v & s | a & ¢
NAUNATU u@&]ﬂjqwummﬂaﬂGU’]'JIWﬂLaﬂqaﬁq/sﬂWQIWWLﬂJa@WUﬁq LWYIDYINLA YT Wﬂiuaﬂquﬂﬁlim

Y

Jaq0u wazaeldaniunisalinisifsundasvesaningiiennie wn o scenarios lag wuin Tu

1
Y]

anun1saidagdu Nuidvadiuriuivsinanisgydslulasiaunaseanesatesiian fo 18.89
Alansululasiausenuni/U wag 4591 nFuneaneaienuns/U audrdu lusued aneld
4 A a A = 1 !
anmunsaimaiisunlaswesanmgionnia asiusuanisgadslulngiau ogsening 26.19-33.49
Alansululasiausenuns/A wazasivSutunisgyideneanasa agsening 45.91-65.35 nfu

Noanasa/tanuns/U Aakandlunnsan 5-21

137



A15797 5- 20 Usinaunsgaydelulasiau uagrleanesavesiuivgndninabesdnd/dnlnauie

wuﬁ:‘
Nitrogen loss (kgN/ha/year) Phosphorus loss (gP/ha/year)
fua A2 A2 B2 B2 A2 A2 B2 B2
Baseline 2016- 2032- 2016- 2032- Baseline 2016- 2032- 2016- 2032-
2031 2046 2031 2046 2031 2046 2031 2046
N84
26.49 37.92 51.58 4353 39.03 63.74 84.79 91.59 80.82 75.62
YN
°U'NLV?1IQ 28.82 40.25 5391 45.86 41.36 70.88 91.93 98.73 87.96 82.76
VI 25.24 36.67 50.33 42.28 37.78 66.78 87.83 94.63 83.86 78.66
Uity
| 25.23 36.66 50.32 42.27 37.77 60.21 81.26 88.06 77.29 72.09
U
walun
24.80 54.69 24.80 24.80 24.80 57.40 78.45 85.25 74.48 69.28
9
Waidn 31.81 43.24 56.90 48.85 44.35 75.62 96.67 103.47 92.70 87.50
M19197 5- 21 YSunaunisaaydelulasiau uasneaneTavesiuiinumsxauNau
Nitrogen loss (kg/ha/year) Phosphorus loss (g/ha/year)
fua A2 A2 B2 B2 A2 A2 B2 B2
Baseline 2016- 2032- 2016- 2032- Baseline 2016- 2032- 2016- 2032-
2031 2046 2031 2046 2031 2046 2031 2046
waldn 24.06 36.95 42.64 36.68 33.34 58.46 7717 83.21 73.64 69.02
Y o 18.89 29.02 33.49 28.81 26.19 45.91 60.61 65.35 57.84 54.21
UIUNY
5.5 d3U

5.5.1 ANUUILUNYBIASUaunaauTuRu

= dy 1 . [ [ o a o w a 1 I3 a
91NM15ANEIH WUl Elevation Wudadenaniadn QJJSU’ENUS?,J’]ZMF’TJ’]NVM’]LLUU%@Q@’WUBU%

' 1

a v !

avauludunuiluiiuiinegastuly (High elevation) agilmn SOCD g¢ n1sAnw1ldanudn SOCD &

Anuduiuslugauanduyusana Clay danuduiuslu@suindu Soil moisture wag Exchangeable

138



Potassium wazrnunandnvesdlnadesdnitazdnlnawdaiuglinnuduiusidavanduaiy

PUBLUUYDIANSUBUT AL AU T UAUANUN UL UUUDIAIS U UN AL AL TUALLA S AN AN UDIT I INALR B

o v o

dniuazdlnadniudenatuegiudiudsdus fe wu anugivesiiuilnizugn Ysuaiiely

¥3935n15L 12 UgNUeLnBAINg dMTUANUNUILLUYDIAIT UL UAUYDITEUULNYA TN ALK AU

PN v =

wud luiunugninils Tusunumiveunavasluivgeian uay deeign wuluiunugnilnnesglu

Wownn luiunugndils fimsazanvesmuvnsdrmdminmsiiufenandn Junvmsnsdneg

Talonvsadeaanainulatun wasdnazRaAluldasufaunaun

Tunsfnil louansdederunuiaula weihlugnsfinusieitiedunisfinulueuanld
AonuINUTIIUANITUIWINYRATUBLluAuYeITEUUINYRSNANNEY dulnrgazgendt Usunwu
punuiLYInsusuiazanlufuvesilinabesdmitasdnlnawdniug Jso19usdlads s

[

MMsnYRTIudy 11ansUnTesnwau dunsdingluiugniintateainnisiiAweInanmis

N3N EATOLABLLDIELIIUIY LATLAIANITIEAINVBITINDINITRONIINAY

5.5.2 MsvsuiiudBinamnandnvastnrlnadesdnd/dratnawdanugneldnsiisuwdas

a 1'% o
A0MNINTA AIUUUTIRBY EPIC

Tunnsn wud maldsundasanimgiennieniels A2 scenarios V198048394387 NG
nsgnulunBavinselunanandadralnabesdm i/ dnlnaudaiug lnelutisssezusnvest o
2016-2031 HAKANILLANTUIINTFIUUINNIYNITeEENADY (A.A. 2032-2046) Tun19m 39 uTIN N3
WasuuUasanmgiiennianiels B2 scenarios Meapadiatian axdwwansenuluideausiausunu
wandndalnaidesdni/dalnawdaiug InefivisssusNdosavdmabiusuanandndlnadss
o &, v & o ¢ = i | A v . a a
doi/inlnaudaiuganasainUguannnittugiessesisn Weeainniels A2 scenarios fiuSum

WHulagsIu9gendn neld B2 scenarios warUsenauiu nela A2 scenarios HUTHMATILTLTY

Y93 CO, N1g9n71 Fedawalilunanandaiiuyugandy

NnMsUsziiudvEnavesnsiasunlasanmgiienAroUT I aNaNER Y SN YASHALNAY
Feuuudiaes EPIC Tunms wuh Unamandadrilnadesdnd/dinawdaiusvosiaesiug
Wasuwdasllufimmadieatu nanie madsuudasaamgiiennianiels A2 scenarios fisaos
Yasnan amansgnuludandeuinamandadrlnadesdn i/ dnnawdatus Tnsanglutis
syozusn fio U a.a. 2016-2031 nandAnazifistuanlgiuunnnivasssesilans (aa. 2032-2046)

Tumanssfiutny msdsuwlasanmgiiennianele B2 scenarios Mi@esiaian avdawansenuly

139



FsaudeUiinamandatrlnadssdn A inausaiug Inefidsszesfiaesardsnalyummanan
dlwadsdns/Anlnawdaiuganasaintguunninludisssezisn luvueiinigling
LU?1'auuﬂaaamwgﬁa’1mmzEiqﬂﬁzmuiuL%w:mGiaﬂ%mmmaméma@ﬁwl%”q Tudvausidn uag &
wies lusuatudiu nud Yinanandevossiudds uasdundesast induandgiu lunn q
climate scenarios TnenanAnvesiiulss wagdandos wfindusniaameld A2 scenario Tutg ¥

A.A. 2016-2031 5898911 AB A2 scenario Tut9 U A.f. 2032-2046, B2 U A.6. 2016-2031 way B2 U

< ! Nl

A.A. 2032-2046 MUAPU kaAd AL NunldutesazlilasunansenuaNnnsiUaB Rl aId NN

v YV Y

giena iesnfivdananlivuediuiadeiulinnatiiuwazgamgiilundn wiziuediv

Unasmormsluiu dslunsdnunilduansliiiuinuamandavosiielu fufiquiusiudud
ANUALRUSAUUTHI SOCD o819l dud1AYNI9ana Sty nsTansulasAuiielinusunn
duvdingluiu Jaduitvilsiaztisanuaziviousuiienansgnuanmsiudsuudasanngiennie
Ui rluantiosas uargungiiiugeduld

wenanl Mnuan1sUszliumewuudians EPIC lauansluiiuin meldinisivasundasann

91NALUY B2 danalinandndnlnadesdnd/dnalnawdniug anas Mewmnil liedunuuimaie

UITiIRansgnulagn1sildeudfiunisinizlan laginensns AIsisuLaseuLUassalsineu
v o & A a |+ 2 S 1 a 1 Y a a

wown1ey wazUgnimasaduneluieuiiguieu InglddeluuSunanvingy ssdmalilinaunanin

Fralnadesdnd/dnnaudaiugifiuty Ussuna 14-16% agldnisiasundasanineiniALuy

B2:2016-2031 LLazLﬁ'mﬁu Uszana 2-17% neldn1siasunlasaninelniAwuy B2: 2032-2046

[ %
Y

NiidadedAey AsUsanWuiliiuaTulugaIfingn dwalantadednnalunisasyivlnves
ey
5.5.3 M3geysdesinevislufy

INMIANY WU Ysananisgadelulasinunasneanesaluiuiinunsnaunautasniy

[
o

& A % g o s, 3 s 1 a & 4 9 v
Wunnugndnlnaidgednd/dlnaudaaiug tesegraied vdluaniunisaldagdu wazatels
anunsainmsasuwlasesanmgiiennia win 9 scenarios lag wuin Tuanuniseilagdu wun
° b U oA A = v v oA 2 af 9 ¢
suatuiuiivsinaunsaydelulasauwasneanesatesiign fie 18.89 Alansululasiauienuns/
U uaw 45.91 nSueanesa/anuns/U auawiu Tuvaen aeldaniunisalnmsifsuidasrasann
pilona Aedivsunaunsgeydelulasiau egsening 26.19-33.49 Alansululasiauienuas/U uazae

JUsunaumsgedeeanieda agsening 45.91-65.35 nuvleanea/ianuns/U

140



unil 6
N15IANISLAYYINTANNNNITNEAT kazn1sUsiliunsUaasfingisounszan

'i]’lﬂﬂ']iiLN']Lﬂi?}‘U']ﬂ'alﬁG].VI’NﬂqiLﬂi‘z}ﬂi

6.1 NMIIANSLABYINTHNINTINEAT wazn1sUszliunsUanUdesineiTaunszanaNNITIED
ey daaniensinens Tudagdu

6.1.1 nMsdamsiawgng1lnadesdn i/ lnawannug

1) Yaaalunisingindralnadesdn i/ lnamaanug

ToyaNNITATINAAWIN V3T inensnsuTiaquuiauiy fandaiedni Sevas 29
2/ o £ & v ¢ v [ [V L 1 P
wagIesar 27 vnsendalnadesdn i/ ninaudaiugluiiufouu ey wasngvniay
o w I A U/ b4 A U [ k4 A a b4
ANAWU TBIAINAB LRDUSUINAN (30888 21) lADUNUAMILE (Feuag 7.7) InaungAIn1eu (Seuay
5.8) Wauuns1Ay (Feuag 3.8) uay nauliguigy nsngiAL wazaaay (Seeay 1.9) Tuvuen ¥is

Woudiuau Funay waziugeu linwuineasnswnmndalnadssdni/dninaudanug daanslu

v
] o ! T~ A

a v X v & Y =3 v 6 | 14
E‘U‘VI 6-1 "I‘Vii‘UGU’NL'Ja'WJE]\‘]ﬂqiLN']‘ZﬂﬂGU']'JI‘W@ILaEN?W]’J/“U'TJIW@LﬂJaG’IW‘UﬁﬂJ@\‘]LLG}aSWUV} louana

nUazduallunns19n 6-1

141



35% A

30% -

25% o

WINIININWYAT

20% -

=

15% -

Tun1swnnn

10% A

YIWIA

5% +=3.80%

7.70%

29%

27%

21%

5.80%

1.90% 1.90% 1.90%

0% 'J T
Jan

Feb

Mar

Apr

Jul

May  Jun Aug Sep Oct Nov Dec

JUT 6- 1 uanagasvaattunisingndalnadesdnd/dlnamdeniug

a 1 ¥ & v & Y <3 v ¢ 1 & A
M99 6- 1 LLﬁﬂﬂ“U'NL'JﬁWGZJ@Qﬂ’W’iLN’WJ’]ﬂGU’]'JIWWLﬂﬂﬂﬁﬁ]’)/m’]’ﬂ‘v\lﬁLNﬁ@WUﬁqGU@QLLG]ag'WUVI

fAua/
Jan | Feb

WMoy

Mar

NBILLUN

LANITER

Y107

YUY

SISV .

LLLAR

LU

Jul

Oct

Jun Aug | Sep Nov

142



2) FBnsdansendralnadesdnd/dnnaudanug

inwasnsdulngfosay 50 ferndrilnadesdn/AnTnawdaiugflusuadaglinnuas
laifheoonainulas lurmedl Sovag 41 Sanseindlnadesdnd/dnlnamdaiuglaenisimily
was esnduiinismdnmwenniiding 15 wasfunusii uenaind Smuth inwnsnsfesas 4
Igvhnsteendninadssdnd/dnlnasdaiuieanannulas e lUldusslomiodedu uas
Sovaw 5 wuilunisi 3 38 lenswnsndnlnaidssdnd/dnTnawdaiusunsduluas vnedan

greponanulasiinilldusslomiogndu wazdaundevindalnadesdnd/dnlnaudniug

unsdunelilundas Aaanslusui 6-2

o

| = ] X A aax o o & YR I ¢
pg13l5Ainu inwasnsluudazuil §35n1353an1591nU 1 lnaEedn /A1l A anwugH
wansafueanty Auwanslugun 6-3 99NN15E15RANAENIN WU INEATNSINUANBILYN Sevar 43
Jamsendlnadesdnd/dninawdniudlaenisilulias wazUaesiialiluulas uaziifisssos
ay 14 ARfiun1sia 3 38 LNYRTNIAIUATINAY Sa8aE 75 IansTIndlnaLdeadnd/93lnaudn
WuglaeUaseiidliluwdas uag Sevay 25 HonMastuluwlad 1nunsNSAUanINg Seeas 64 3An13
gndlnadesdad/dnlnaudaiudlaeUdosiislilunas uas Sovas 36 azmnlunas tneasns
) v 'y % (9] ¥ dy v 6 ,Y @ 1y 1 Qy %
suatuiu Segay 63 danseindralnadesdnd/analnaudniuglaeUasenisliluulas Seuay 26
wWlulUas way Segay 11 adun1sid 3 38 Lnuasnsiuaueiudlu Segay 63 9an1591n213LNA
Besdnd/dnlnawdniudlaevaesiislilunlas waz Sevaz 38 @onfiazilunlas tnunsnsaiua
wiluan Sevaz 33.33, 33.33 uaz 33.34 dnn1syndralnadesdad/dnlnandaiuglaeniséreesn
nwlad wnlunlas way UYasenaliluwlas auaiau Tuae nyasnseuakiuias Seeay 64
Jan1sendlnadesdnd/Aaninawdaiuglaenisiwiluwlas sesasunfe Seuaz 18 d1geanain
wUad havsesay 9 Naliuuad way ALun159a 3 35 59UAU WaLlNYATASANUAWLAN Saeay 75, 34
[ v dy v 6,V =3 9 v Qy v dy v 6
Iansendalnaaesdnd/anlnaudaiuglasniswatunla wazsegas 25 it lnadesdnd/

Frilwaudaiuglilunlas

143



JUN 6- 2 Brsdnniseindnlnadesdai/Analnaudniug

100

90

(%)

80

70

60

50

40

30

A5N15AANITVINNYNIINITINEAS

20

ad

10

UM 6- 3 Bsdanseinfietalnadesdnd/drinawdaiuguesusasiiug

B frgaanainudas M wnlundas B Aglluwdas © vine 335

[

9

i

NBILUN

419LA9 VTl Jrusiu Ungdiuelu wiiuan WU widin

B frgeananulas M wnluwdas @ AdlAluwdas 0 vinie 3 35

(%

144



3) gasszezanlunsundrilnadesdnd/dlnawaanug

nensnIsesaz 67 aduniswngindilnadesdad/Adinaudaiuglugisuie Ao 9aaan
U 12:01 - 18:00 5890937 Ao Foag 28 LNWAINIAMIUNITHIIINT1IINAEEERI/T13lne
waniuglugaed fie Fraaanuszana 06:01 - 12:00 luvauzndiiies Sosay 5 Adnduniswigin

Talwadesdnd/dnlnaudniugiugie fie 18:01 - 06:00 fauandlugui 6-4

[y

NEATNIIIUATINAT wazuiuan dulvgdndunisimngindrlnadesdnd/dnlnawdanug

Tutiune inwasnsFuanatien Sevas 50 Andunisingindrilnadesded/dnlnaudaiuglugg

v 1%

N haE 5988 50 ALRUNISIUTINUIY LNEASNSAIUAYIINT 50882 75 ANTUNISINITINTILNALEE S

dnd/dnlnadniuglugisuie waresas 25 anlunslutiad Twhusafeadiu inensnssua
Uruiu Sevaz 57 anduniswngindlnadesdnd/dlnamdaiuglugisie wazdesay 43
andunislugindy inuasnsivawldn Sesaz 67 anduniswimndalnadesdnd/dlnawén
Wuglutuie wagdavay 33 anliunsluriad inwnInsimuawiuigg fevas 75 Andun1smwigin
¥ & v & v I3 LY L 1 1 v o a 1 5 Y

Tlnadeesdnd/Ininaudaiugluiisiie wazdevas 25 anliunislugiedn lumemsaiuday
inensnsivausiudy Sevaz 67 andunisinigindrlnadesdni/Aninawaniudlugind was
Jovay 33 Andunislugicite Auandduguin 6-5 wenanil Gamudn vafldluniskitlneies

v

/T lnaudanus Sevay 61 aztafadunielu 1-2 $2lus waz Sesay 39 Iaiteenin 1 42lug

]

v &

Tunsingndnlnadesdnd/dninawdaiug dwandusui 6-6

)

145



M 06:01 - 12:00 ™ 12:01-18:00 ™ 18:01 - 06:00

SUN 6- 4 PszezaunsndIlnadedn i/dalnamdeiug

100 A
90 A

80 A

70 A
60 -
50 A
40 +
30 4
20 A
10 A
0 - T T T T T T

naLan P19LAY YN Tusiu Unetiurlu wiuan wiung widn

LYLLIAIUNITN (%)

YT

M 06:01 - 12:00 M 12:01-18:00 " 18:01 - 06:00

JUN 6- 5 PrsveziaTunsEgIndIlnadedn /A alnawdeiudvesusasiui

146



Houndn 1 9alus
39%

1 -2 galug
61%

[y

U 6- 6 nanfldlumsmndlnadesdad/dnlnauaniug

4) msvandesfingiSaunszananniswngindrilnabedng wazdialnawaanug

YSunawesnmsdandaesieiounssanainniswneniannianisinens nednalnabesdnd
wazdnlnawdaiug awnsasesdwivainuiniigaludalesiianls dwelull CO, > CO > PM10 >

PM2.5 > NMVOCs > CH4 > NOx > BC > SOx > N,O

MnmMsmwnUinamslaslaesinadounsranainnsunendlnadedn’ wud e
\dsUSinamasnisUanudesfins CO,, CO, PM10, PM2.5, NMVOCs, CHA, NOx, BC, Sox N,O Wiy
1580.69, 40.48, 6.47, 6.26, 4.70, 2.82, 1.88, 0.78, 0.21 waz 0.07 nn/l5/U a1uda1du feuanslu
3197 6-2 Tuvauzdl Yinansvanddesimideunszananmannsndninaudaiug lnsiade
Winfiu 2078.26, 53.23, 8.51, 8.23, 6.17, 3.70, 2.47, 1.03, 0.27 az 0.10 nn/l5/U auadiu dauans

(24 A v U

Tum57991 6-3 TaenInsa WU USunan1suaniassfngisaunszanannnIskns Nt lnaLuannu

D, sQNa

grgandnnunsnsiuandnlnadesdnisovay 23.94 visil lesandrilnamdaiugiiviununandnd
genIdnlnadesdnd Faansdiinsivinaavendlnefigniiiannndt dely 9nn1sAuIn
wazlUSeuisudiununisuanddesfingiseunszanluniiesalsiinizdgn Fanudn Ysuiwnis

Uanuasefimiounszanainmsigindrinawdeiugargaininnuasnsgugndinaiesdng

147



M99 6- 2 wANIUSUBUINSUaRUABREA TS aUNSEANAINAITRILINTILNALALIER )

Black carbon

co, co CH, N,O NOx NMVOCs SOx PM2.5 PM10
o £ o ed (BC)
fua JUsuUNsUgNUazTUANUgUgN
an/lsA
NN Fnlnedodng 577.14 14.78 1.03 0.03 0.69 1.71 0.08 2.29 2.36 0.29
YN Fnlnedodng 945.36 24.21 1.68 0.04 1.12 2.81 0.12 374 3.87 0.47
Inlnadednd 909.00 23.28 1.62 0.04 1.08 2.70 0.12 3.60 3.72 0.45
Tusiu
Inlnadednd 1939.20 49.66 3.46 0.09 2.30 5.76 0.26 7.68 7.94 0.96
e Inlnadednd 3636.00 93.12 6.48 0.17 4.32 10.80 0.48 14.40 14.88 1.80
waluNas Inlnadednd 1084.04 21.76 1.93 0.05 1.29 3.22 0.14 4.29 4.44 0.54
ualdn Inlnadednd 1974.09 50.56 3.52 0.09 2.35 5.86 0.26 7.82 8.08 0.98
Ay 1580.69 40.48 2.82 0.07 1.88 4.70 0.21 6.26 6.47 0.78
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o co, | co | CH, N0 NOX | NMVOCs | SOx ‘ PM2.5 ‘ PM10 ‘ Black carbon (BC)
Aua sunvunsugnuasvlaugiugn .
an/lsA
IlnauATEITIA 3, 11lnn 888 436.32 11.17 0.78 0.02 0.52 1.30 0.06 1.73 1.79 0.22
RN
417lnm 889 1263.51 32.36 2.25 0.06 1.50 3.75 0.17 5.00 5.17 0.63
oo Pralnadaiug 1454.40 37.25 2.59 0.07 1.73 432 0.19 5.76 5.95 0.72
ULAS 3
Pralnawdanug, dause, 113 727.20 18.62 1.30 0.03 0.86 2.16 0.10 2.88 2.98 036
Flnanu 1545.30 39.58 2.75 0.07 1.84 4.59 0.20 6.12 6.32 0.77
Yhan STnAuAsEISSA 3 1454.40 37.25 2.59 0.07 1.73 4.32 0.19 5.76 5.95 0.72
STnalnlows 1818.00 46.56 3.24 0.08 2.16 5.40 0.24 7.20 7.44 0.90
STnauAsEIsSe 3 721.98 18.49 1.29 0.03 0.86 2.14 0.10 2.86 295 0.36
iy
$17Tne 888 3158.78 80.90 5.63 0.15 3.75 9.38 0.42 12.51 12.93 1.56
SrlnaunsaEnsse 3 2345.22 60.06 4.18 0.11 2.79 6.97 0.31 9.29 9.60 1.16
U199Auny
$17Tne 888 12120.00 310.40 21.60 0.56 14.40 36.00 1.60 48.00 49.60 6.00
lnelnlewded, $ralnadandal 1136.25 29.10 2.03 0.05 1.35 3.38 0.15 4.50 4.65 0.56
dlnauasanssd, Slnadad 1398.46 35.82 2.49 0.06 1.66 4.15 0.18 5.54 5.72 0.69
ualunas Srlnalnlows 2086.38 63.68 4.43 0.11 2.95 7.39 0.33 9.85 10.18 1.23
Fralnananed, Srilwalnlowdes 1727.10 44.23 3.08 0.08 2.05 5.13 0.23 6.84 7.07 0.86
Slnalnloeasy 1454.40 37.25 2.59 0.07 1.73 4.32 0.19 5.76 5.95 0.72
Frlnanansn, $ilua 328, G1alnm 263 2727.00 69.84 4.86 0.13 3.24 8.10 0.36 10.80 11.16 1.35
Frlnanansn, $1ilne 328, G17lnn 888 681.75 17.46 1.22 0.03 0.81 2.03 0.09 270 279 034
wiAn ” > p
Frlnasanduy, dralnalnlowdde 1454.40 37.25 2.59 0.07 1.73 432 0.19 576 5.95 0.72
Slnnaady 1454.40 37.25 2.59 0.07 1.73 4.32 0.19 5.76 5.95 0.72
w28 2078.26 53.23 3.70 0.10 2.47 6.17 0.27 8.23 8.51 1.03
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6.1.4 @3U

USuauni1svanuans e 3aunsean1eanUssaningsinainn1singInd1ilneaesdnd
FINTIINALLAANUG LaZLHIFINTTNINITNEATVIINTIINITNEATHALNEIY Lansluns1eq 6-7

A1319% 6- 7 USH1aUA9LT0UNTEINAINNITN LABEINTNINIATITNEAT

fua wiwgndrilweniesdo wiwgndlnadaiug LAYNLN YA THAUNE 53 (Mn./15/0)
NDILYN 600.4 1768.31 1260.82 3629.53
Faifia - 2269.47 0 2269.47
I 983.42 5011.74 - 5995.16
Trusiu 2962.92 4037.07 5067.52 12067.51
Unadiuelu - 15047.85 - 15047.85
Wik 3782.45 - 0 3782.45
WUIDT 1127.7 8532.97 - 9660.67
uaidn 2053.61 6572.02 154.39 8780.02
tuduns - - 0 0
winvaa - - 3079.54 3079.54
RPN 11,510.5 43,239.43 9,562.27 64,312

158



A15UanUasA9IsauUNIZANTINANNASLAENN (An/15/A)

16000
14000
12000
10000
8000
6000
4000
2000 ._II
0
¢ & E@;@s ;‘\\&r\ g&g@ s{\g:r S ; o \\?\9& \\jg@ w\;& & \};&?ﬁ\;
B inMaidaednd dnnawmdniug B inwnsuannany B total

JUN 6- 11 M3vanudesinusaunszanswanmseawyn (nn/ls/A)

'
) a0 v W

‘U%N’]mﬂ’]iﬂﬁ@‘ﬂﬁ"@Sﬁﬂsﬁﬁﬂlﬁﬁg’ﬂﬂi’JlI"i]']ﬂﬂ'ﬁLN']GZI']ﬂ}JIﬁG!‘I/I’Nﬂ’ﬁl,ﬂwﬁliéj\‘l‘l/lﬂmLiEJ\‘iﬁ'W]‘U@]\‘i

9

=De

YNAUNUSUIUAU> BUU1RT> BUFAN> YINT> NDILUNSLUBAAS> LIUNAWSTILAY wazbinuns
YanUaesfneisounszanuainistAutienviuduns wazsnuiuaudniuasiseulsnswalueau

o v aa

meUSinansUanUaseimiSaunsyan wasiduissladeieiniinnuduiusedsiivedrdynisada

159



UNN 7

n1sUsEInNIsaNgaun YninuazaznauvasusassunuunsldusElevinay anelda
anunsalan ngianiAluauinn Aleuwuuinaas SWAT

nsUszInaunsaunatkaraznoulugudiiliIuvessUkuunsidusElovdnaunuansdieiu

warneldnisivasuulasaninernmialueuins 1neld SWAT (Soil and Water Assessment Tool)

v
o

T Faduwvuiasanveninemimdueiodisdmiunisnensailunani Tuanmguing
1ANUFULRUNIIQNNINGITITIABIANWALNINLAINVIFUUILUUNTZINENITITADT AIUFNIN
MBI ITUNSnglinsruunsAmIN THUsEanSam lasumseeusunasUssendliogng

A9 sluseavanna

£

WuUdaes SWAT lddayandfay Aeteyanisldussleviniiu (land use data) Yaya

Y

AU (soil data) wazdeyaan1ngio1nia (climate data) vesguiiwiduinlaguuuIIae9aLyinnIg

ﬁ’nnmﬂ%u’lmﬂ’lﬂwamﬂwﬂwmauaummaqmﬁwEJ’] (Hydrologic Response Units: HRUs) Uikl

1 ' 1
o 1

aziiunguingesnuaau s‘ﬁﬂ%ammiamQafﬂmﬁﬁ]Wimﬁﬂizmquwﬂ‘%wm Faamnnsf (1) 9nify
LUUI188998711N19M15 LHULUY (model simulate) lngiin1scalibration and validation fagdeya
observation runoff #1178 Arn1sIlimesiiianusaulnidenuusiass (parameter sensitivity
analysis) Wagvinn1suseiiiulse@nsnnusluudnassaiy coefficient of determination (R? ) uag

NashSutcliffe coefficient of efficiency (NSE)

t

SU/; = SU/; + Z(Rday  f Qsmf - Eﬂ - M.5'?81) ! Qg‘") -------- (1)

i=1

log?l SW; fis Usunaunlufiuaaine (ua.), SW, fie Usunanluiuiuduluiud i (uu.), t Ao
1981 (), Quur A9 USunauniaduludud i (uu), E, Ao USunaunismesemaluiui i (1a.), Wee, A8

USunauhlvaduasguulanuluiug i ), Qg Ao Usmnanhlsaunlandudaninluiug i (uu.)

Y

7.1 aamdl (°0) USinuguuaiuay Jwmdaesi
31n3U7 7-1 wananisidSeuiisugungisienon uTaquiiuiuidy Janindeslng

Usznausiegamgiiaaslud a.ma 2010 - 2016 33l dudgiu (Base year) uazgamgiieduniglé
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A.A. 2032 — 2046 ANLEWTY

gumpiitedngaanegil 32.30 °C luanmgiionniAuuy A2 ieunguanau U a.e. 2036 -
2046

gaungiiadesinanegi 19.11 °C ludounnsten U a.a. 2013wsdimsldiuuudiaes SWAT e
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n3UT 7-2 wansnisFeuiiisuuiuasinluseifey vnuguiuludy doniadedl
UsgnaudeUTuamiduedslud a.a 2010 - 2016 elHidulgtu (Base year) wagUTutnnitsy
asneldanunsalinsasuuasanmgiienniauuy A2 uas B2 Ssasuiadu 2 919 A.A.2016 -
2031 udy A.fA. 2032 - 2046 AWAIAY
Uhinahrugeanegi 300 fadums Tuieudmiau O e 2013
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nsliuselomifinuuTinnguiuinty Smindednl aunsoudlésd
M3t 7- 1 msldsslomififuuiinaguieiudy Smindedl
a1au mslduseleviiiau Huft (%)
1 Frilnadedng 53.943
2 UNUQYaInssd 28.560
3 NSLAATLUUNALNEIUY 5.910
4 Vliel 5.613
5 nxanUa 1.594
6 Ui 1.252
7 ﬁuﬁagjmﬁwumﬂuﬁas 1.100
8 aunalil 0.845
9 i 0.347
10 Waath 0.244
11 1aidn 0.196
12 AnaLUaS 0.176
13 fiuftogordevmniuuiunang 0.078
14 YNNI 0.051
15 AN 0.024
16 NLLTOLNA 0.021
17 Nufterunuszasd 0.020
18 fuftgnamnssy 0.012
19 du 0.010
20 née 0.003
21 DIAITNIULE) 0.001
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7.4 M3ldinvasnAnsinensusaguluinay Jmdnedlns

1%
v

ANSANUIUMIANANUTEANTNTITUNIVIRTO1989 @unsalaanyUsuiunistyuivesnen

= U

#99n151WS UL UNUUSUIUNIS U9 9NY91989 NA1uIdlAedS Penman Monteith @1u150%11A

MNEUNIaiAe
ET= Kcp x ETo
e
Kep e duussansnisidiwesiimuiouiieusunslddwesiindnede duam

1neS Penman Monteith
ET Ao USunaunstaunvesine (uy./Ju)
FTo A9 USu1aun1sigunvediea1999nmuinlaeds Penman Monteith (1y./

1)

7.5 m3usulduuudnaas SWAT Lﬁaﬁﬂaaaﬂ%mmﬁwhLLazil'%mmmnauu'%nmejuﬁﬁu,:u'u,aiu

TunsuszdiudSnaniviuarUSnamynousiouuusiass SWAT 1t azdewinisasuiiioy
LUUSa8e (Calibrate model) Aounistiuuusiasssldass ieUSuumsAsuUsveswuusaaddi
USinaniviuazUSunamneuiildainnisiiassiiaulndidesasiiuunfuaonndasiudsuna
ﬁwimasﬂ%mmmﬂauﬁlé’mwﬁagamimaﬁﬁm‘%q ntudainnisnsaeaeudnadiludunou
Validation &3 1azanunsalduuusiasslunisuseiiudsunadvinwasUsununsnounield
amuﬂWiajmil,ﬂﬁwuﬂanamwg:ﬁaﬂmml,azmiLUﬁauLLUaQﬂWiI%’Uisiﬂmﬁﬁﬁu

7.5.1 nsaaufiuLluuINaay (Calibrate model)

= o L4 a2 %’ ! = IS a
ﬂ'ﬁﬂ@‘UL‘VlEJ‘ULLUUQW@@QVL&GLGUGUQQJUE?ﬂill']muqﬂ/ﬂﬁ’]‘ﬂLﬂ@u%ﬂﬂﬁﬂﬂu P14A wazUsuunznause

Wouananill P14 (gudgnninervalseniuniamilonsuuy, 2017) Fean1siwTeunan1sdnaes

[ a £ v a

Usunaunin agldmduussdnsnisanaula (RY) way assydiaAaAnuulug1vewuudtasy (€, lnad
1 dl - v Idl 1 1 o o
mwaamulmagw 11107731 0.6 wag 11nN31 0.5 (Arnold et al,, 2012) mruaau taglaluswnsy
SWAT — CUP TunsusuiiguagiinsneniAinUsivansauignaimisned 7-2 waddadiamanii
TuySuwasluwuuInaas SWAT
v ~ ~ A % a ] 2 ~ ' A
Poyanldlunisasuiiey fie TeyaUTunadwiseineuvesanil P14A Tudiusouunsiay -
SuAu U AA. 2014 F9AS199 7-3 warUSUNusEnaus1emeuaIna@nand P14lut1afauuns1ay —

Sunau U A.A. 2003 AR89 7-4 (Audanninevalseniunawmilensuuy, 2017)
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A5199 7- 2 APwUSNAINasaLUUI1and SWAT

AUS

S18aLLREN

ANAILUSHAN

AR Us v

% Waguwlag

CN2

AAzuULTU suands
UseAvismwlunslith
viilalugisisvesiiuis
11 (A runoff curve number
oA CN) 492951309 35 -
98

7

85.316

+10.8%

ALPHA BF

1 dldl U
ATAINNLUTNUNIUANT
AOUAUDINITHANUIVDIUN

TaAuTie9581Ig

0.48

0.006

-98.5%

GW DELAY

22978199 T UNST U

YaaHIRuasgTuAulan

1395813719 0 - 500

31

500

+1512%

GWQMN

ANSUAUTBIUSULN T Ut
wilid ldfuaglvaging

IS a1

AunaLdaUsuiudidan
YIAAIINTOLNINUAN
GWQMN) 999581314 01 -

1000

1000
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-99.8%
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AN5199 7- 3 WSsusuUsuNaiYnflaainnisasaina @il P14A AUUSHIAYINen

LUUINAD
f.f. . R
ue. | A | da Wy | we. | A nA. | ae. n.8. f.A. | WY | 6.
2014
J3uod
ar7.2
N3 29.69 | 24.22 | 9.37 4453 | 4441 | 50.47 | 94.13 | 146.81 | 73.78 | 37.26 | 26.51
8
f59970
JSuey | 314
. 30.73 | 26.78 | 23.64 | 2797 | 40 4581 | 59.79 | 124.2 1274 | 46.2 29.27
dees | 7

AN5199 7- 4 WSeuiguUSINURZNaUNINISRSIINM @018 P14 AUUSURZNBUINNWUUI1a84

o we. | nw | fe [we |[we | 8w | e a.n. n.g. M.0. Wy, | s.A.
2003
Usuna
s 20,190 | 2,221 | 64430 | 498.80 | 1,530 | 89,090 | 169,800 | 175200 | 376,600 | 184,900 | 64,290 | 21,790
752990
U3
§raee | 17,036 | 5850 | 3388 | 2,220 | 6390 | 9390 | 67,310 | 114,250 | 243410 | 72,700 | 25370 | 11,930

7.5.2 nan1sdauiiau (Calibration) Usunauungin

dll a a a T v v a ay v ° Y} ‘NI
Lll@L‘UiEJ°ULV]EJ‘U“UilI']mu']Vl']WVL@"U’]ﬂﬂ']iﬂi')"ﬂ')@ ﬂ‘U‘UsﬂJ']mV]VL@Q']ﬂLL‘U‘U"U']aEN W\TETJV] 7-8

s
a v a

TugnwfauunsIAY - sSuen Ua.A. 2014 nunadulseansnisanaula (RY) way assydaAIAINY

WUUGIVBILUUDNABY (o) 71 0.67 kag 0.65 ANNAIAU 1NUUIWINNITATIVEBUINASI I UTURDY

validation

?’:E\ 160
= 140
o>
<10
= 100
2 80
_T—/ 60
S 40
=

Eog 20
e 0
“g ue AN e [SURI N RG] 4d48. N.A d.A n.y f.A W.8 9.A

obs sim

gﬂﬁ 7- 8 ns1USsusUUSUIUvNNLAINN1R52YR fu @anTl P14A AuUSUNLvnan

LUU1A0Y
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7.5.3 wan1saauiiny (Calibration) Usunaunznau

WallSeuisuusununenauilaainn1snsiatn AuUsuIunznaunlaankuuaNaas fasud

U

7-9 TuraAauNNsIAY - SuAN Ue.A. 2003 WuAduUsyansnsanaula (RY) way assviA1eny

WHUG1RILUU1aDY (E,) 71 0.92 wag 0.64 AUEIRU INNUUIIVINITATIVADUBNASILUTURBU

validation
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0 -\¥
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1FuNnURAZNaU (

obs sim

JUN 7- 9 nsliSeuiisudinamenauilaainn1snsindn e aantl P14 AudSunamenay 91N

LUUINAD

7.5.4 {an150523dau (Validation) Usunauingin

Tutumau validation l0vinnsiUseuisudsunautnyinnlanainn1snsiade Audsuiuilaann

KUUFAB9 WELUABUTIIAN F989aunun g ludumnaunis validation As 929lugrafauuns1IAL
U = U dl U U U a Q‘ 2 a 2 = 1 o

- Suneu U a.A. 2016 faguil 7-10munAdudseavsnisdndula (R?) uay assviiaanuuiug1ves

WUUD18049 (E,) 71 0.86 Lag 0.62 MUaIAU
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JUN 7- 10 nswiSeuiisuuiinavinilaannisnsindn dudunanvianuuudiaes

7.5.5 NaN13M32960U (Validation) Usunuunznau

Tugumau validation tavinn1siUseuLfisuUsSuIunenauntaannn1snsIade nuusSuiunle
INLVVINEDY WeLaguyIIa1 @9r9a1nnunlalutunaunis validation A B9tuLILABDUY
U = U dl 1 1 U a Q‘{ U a 2 = 1 1 o

UNFIAY - SuAN U 2004 AegUN 7-11nuhanduuseansnsdnduls (RY) uas assyllrmnnuwiud

a9LUUTIa89 (o) N 0.78 wag 0.72 Aua1fy
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7.6 msﬂiztﬁuﬂ‘%mmﬁwhm8°léfamun'1'a'aimsl,11§'auuﬂaaamwgﬁmmﬂua:maﬂ?iauuﬂm
mﬂ%’ﬂsﬂwﬂﬁauu‘%nméuﬁﬁLL:J'LL%J';J

INEUY wuamumimmﬂﬂawuﬂaaamwmafmmm zmsasunlasnislduszTowd
finu @unsasuunlgsannsed 7-5

AN5199 7- 5 wansanun1sallun1susediulsunanvinlusunan

EEIRICIICIGE nsasuLlassliUselovifinu
dnnniianne
A2: 2016-2031 Y fuitugnlinadudy

A Wunugn X4 1
A2:2032-2046 | Wunvandmilwe | Nufidgndralne | 53.94% U1l

L IlnAana3 Loy .
B2: 2016-2031 Wad (50%) (0%) WL (80%) 28.56% LaynNy
0 44'

B2: 2032-2046 aU17.7%

NEUY WUﬁO’I‘UﬂWiMﬂqiLUa’EJ‘L!LL‘U’&Qﬁﬂ?WﬂM@’Wﬂ’]ﬁuu‘\]umﬂﬂﬂ’iuqL“UWSUEJlla ‘L!']N‘Ll 18317

gamglifildanuuudiass EPIC meldanunsaimsiasuuiasanmgiieniauuy A2 wag B2 Tng

9 Y

wfumsuszanumslugig 30 T (2016 - 2046) aazgnuvseanidu 2 33 Hasaz 15 T ldud A,

2016- 2031 wag A.A. 2032 - 2046

(%
Y

fafiagldfinsindrdeyaaninernia FruanuTuduing (Humidity) anudiau (Wind
speed) uar$sduatending (Solar radiation) dsludruvesteyauuusians SWAT anansaadredoyad
MameglilndiAssfugumgd uaruiinasiuy luouasldlasendedeya adfndenieaiu 30
(A.F1. 1987 - 2016) Mnanignfieninet i nenAgwIwIAdedlal duagnn 1naanm
Forfadeddnl Sadufssaoiiforludmindodniifinnmaindoyagienidluiiud (nau
anilesdnen, 2017)

dmvaniunisainisidsunanisléusslovdifuazyinisauyfigiuaniunised 4
an1unsed Lol

1. anunsaifildfinisfiundeaniuiiugndninadesdnd lasliasdiuuiuiinsugn
. o

Frlnadesdniasiiuivlifaiudeas anltdulsnu (base year) vaansliuselowiiau

2. mansuauiiuiivgndidesdng Tnsauyfaniunisalliudeunniuiinisugndnlna

14 1% (% ' ' [

a v o aa [ 1 o 1 1 @ A A a adaad a v X v fY
LaEN?W]’JVNMN@VINE’J%JJIUQNU’WLLSJLL?]&IL‘LJUW‘NV]U’] mﬂmmmwumﬂaﬂmﬂwmLamamiaaaz 53.94 983

Y
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' ¥ '
= = =

un waziunUnldSesay 28.56 vesiuil \lunuilgninilnadesdnifosay 0 veaiufiuasiiuill

Indusesaz 82.5 vaNuf

' (%
a

3. Msviuiunvgninlnadesdnd Insauyiaaunisaliuisuainiiuiinisdgninalne

Y

v 14
o ¢ 2 A A

Wesdniaueniiegluquinuiududuiuny anwundnundandnlnatesdniesas 53.94 vas

¥ ' (%
& =

i waziununldfeay 28.56 vesiiun Wuiuivgniinadesdnifosay 82.5 vosuiluaziug

Yl dusesay 0 voaud

(%
[ Y

glanvualinisivaeusuansldusslovuiauusnaguunuduiuty

L3

4. Tuaunisalils]d
Julumuulevigveamisnuiedunfivwmidunisatiuvayunsaanisugnialnaiesdaisg
LWIAR wiwanyn (eyaannnisduniualeun. nawwn, 2560) Nduasulivtruivandgnitstiuiu

wu L wuaaaile alaanle Wudu FainaUseasesail 1) nsandIunaiiunnsUgndilnaies

9

v 6 d" Y ¥ QI dy Ql'l Uy v 2/
daiioanANUTULIIvaImtoNATUAINAITWIEINT NG 2) nMsiiiununUl (ldEudu) 3) nasasng

oY
a

selalituguauaniuiivl Jadufinnvesaaunsainsdsuwiaanisliusslosunauin wuivgn

Fralwanaunazgnitdeudunuilinadudu vibidiunlduaduiuiosas 53.94 uaz Nuiin 28.56

waziuNdu 9 dnsevay 17.7

wunugndnalwawings (50%)
350
300
250
200

150
100
50 I I
0 - o= -
[SR.] W.A. 4.8, n.A. é.a.

3TN (Na)

-

uan. AN, aa. n.g. 0.0, w.e. 5.A.

W A2 2016-2031 41lwawiniu (50%) m A2 2032-2046 412lwawihiu (50%)

B2 2016-2031 912lwawindu (50%) m B2 2032-2046 T12lwawidu (50%)

%

JUN 7- 12 WiguimsuuTinadvinluanunsaltnuiugninlwawingu (50%)

Y

n3U7 5.12 luanunisaliiiuinnisugndilnadesdnivingu (50%) nuirsuadwing

wnfigainduluginieuiuegeu (291.50 ux) MmeldaatunisainisiliguulaianIne niALuy A2
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U A.A. 2016 - 2031havUSunauvindesigalutfouduian (0.02 wy) n1eldaniunisainis

Wasuuasan menndLuy B2 U a.d. 2032 - 2046

Y

wunugndalwaanas (0%)

300

250
200
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100
s I |
N.A. ﬁﬂ. N.A. a.a. .8, f.A. N.8. 9.A.

€A, Aw  fa e

>

131041791 (13)

o

I A2 2016-2031 d1lwnanas (0%) I A2 2032-2046 F13lnaanas (0%)

B2 2016-2031 ¥17lnaanas (0%) [ B2 2032-2046 412lnnanas (0%)

o

JUN 7- 13 WisuisuUsinadvinluanunsaitinuiugninalnnanas (0%)

Y

n3U7 7-13 Tuaaunisalnfiuiinisugndilnadesdmianas (0%) wuirUSunavinnuin
A a f-g 1 I U v L1 a IS
gainduludinfeuiueneu (265.40 uy) nglaaaunmsainisivisuwdasanineniawuy A2 U
A..2016 - 203 1uazUIunaivindesgalusiauiiviau (0.03 uy) Mgldanunsainsiuisuwdas

AN1WEINAKUU B2 U A./.2032 - 2046

¥

Wunugndnalwalinuyu (80%)
400
300

200

b8 n.A. fie. n.a. d.a. n.g. f.A. .. 5.a.

LIu0uvIn (W)

o

a

a.A. n.N. a.A.

B A2 2016-2031 Sralwaiiiatu (80%) i A2 2032-2046 F1alwaiady (80%)

B2 2016-2031 T2 lwaLRLTY (80%) [ B2 2032-2046 T17lnwaLiuY (80%)

%

JUN 7- 14 WSsuimeuuTinavinluanunsaltuiugniilwaiiudu (80%)

Y

31n3UN 7-15 wuddsunadvinnuiniaaindulugianeudugiey (270.4 au.u./Aud)
meldanunisalnsilisundasanineniaiuy B2 U a.a. 2016 - 2031 wazUSinanivindesiign
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TumsunuAIius (0 av.u./Awd) aeldanunsainsiUisuwdasanineiniewuy A2 U a.e. 2016

~ 2031/ B2 T au.A. 2032 — 2046 waziieuiiuiay (0 av.u./Aund) meldaniunisainisiasundas

ANNDINNALUU B2 U A.A. 2032 — 2046

1

300

)

(

N
o
o

1Fnousnyin (Wa
=
o
o

0 - - -

a

a.n. NN, A,

B A2 2016-2031 i A2 2032-2046

Nunlinatiudusosay 53.94 AuUn 28.56 way

138 w.A. .. n.a. a.a. n.g. f.a. n.g. 5.a.

[

B2 2016-2031

Wundus Sovaz 17.7

B2 2032-2046

U 7- 15 Wsueuusunanvinluaniunisali

o

Ed

WiiBuq 17.7%

=

1%

Y

iuTivanlsiEudy (53.949%) Wuittn 28.56% uag
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a

M19197 7- 6 WisuiguUTinanivirluisiazaniunisalnmavdsuidainsliusslevdniuneldaaunisainisiddeundasanimgionie

0w . e - o YSnauthvinsaw
- nﬁﬂ“uﬂix‘lﬂ‘u‘lﬂlﬂu a.A. NN a.A [SVRJ] W.A 4.8 n.A §.a n.8. f.A. N.8. 9.A.
pilome (aua.A)
Fralwaindy (50%) 0.06 0.05 67.45 417 10.09 98.14 17120 19120 29150 122.00 6.63 163 964.12
$12lnmanas (0%) 0.07 0.06 53.76 4.88 7.69 83.62 152,60 169.60 26540 109.10 7.70 191 856.39
A2: 2016-
2031 Fralmaiindu (80%) 0.05 0.05 80.16 3.52 12.00 11280 189.00 208.10 304.40 12630 5.93 146 1043.78
158 udus3.94% Unl4128.56%
. 0.04 0 9.00 8.43 3.06 93.54 159.90 17950 26590 103.90 3.74 0.66 827.64
LLa:’:W“UE]u‘]l?.?%
Fralwaindy (50%) 1.46 226 258 5.46 8.69 11240 189.30 1664.20 289.70 122,60 10.41 3.19 912.25
$12lnmanas (0%) 152 216 233 4.16 6.70 96.43 169.30 14420 26330 11000 10.02 345 813.57
A2: 2032-
2046 Fralnaiadu 80%) 1.43 233 2.73 6.33 10.22 12870 208.60 17930 306.10 12860 10.49 3.00 987.82
15i8udus3.94% Unl4128.56%
L 1.20 175 173 4.10 5.86 98.39 168.40 143.00 262,90 10550 6.17 1.90 800.89
LLazW‘!lEJu‘]ﬂJ%
Fralnawindu (50%) 0.49 0.12 0.15 0.44 6.98 105.60 251.70 172.10 263.10 7552 6.37 146 884.04
$1alnmanas (0%) 0.56 0.14 0.16 0.46 5.06 90.46 22930 153.60 24220 67.96 6.91 169 798.51
B2: 2016-
2031 Fralnaiadu (80%) 0.44 011 0.14 0.44 8.37 12120 273.40 185.20 274.10 79.27 5.94 130 949.91
15i8udu53.94% Unl$128.56%
o 1.09 0.03 0.02 0.18 4.23 84.87 226.90 164.80 270.40 8130 7.34 127 842.43
LLaxW‘uauﬂl?J%
Fralnawindu (50%) 0.18 0.04 0.02 0.39 5.39 64.50 17630 18750 200.50 58.00 6.11 133 700.26
B2: 2032- | #17lnaanas (0%) 0.22 0.05 0.03 0.41 4.05 53.24 15750 167.70 182.20 50.81 6.55 154 624.29
2046
Fralnaiadu (80%) 0.15 0.03 0.02 0.39 6.27 75.65 19450 202.20 209.50 61.85 5.71 118 757.45
18i8udu53.94% Un15128.56%
0.04 0 0 0.15 3.21 50.32 153.20 163.10 17840 47.66 5.44 1.09 602.61

WATRYEUI17.7%
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INANTNN 7-6 WuInsildguulaimslduselenindunuaniuniseli 1 (Msanduuiunugn

Fridednd) waz aouniseld ¢ (WEud 53.94% Ul 28.56% waziiyd w‘] 17.7%) ( neleaniunisal

°

nsiasuuUasanmennALUY A2 was B2 sglvusinamiwinludSunadisnd dn Av 856.39, 813.57, 798.51
LAY 624.29 aU.L. / Jundl uaz 827.64, 800.89, 842.43 uaz 602.61aua1RU waziilovnissiasssua
dviluganunseid 2 (mimﬁuﬁﬂqﬂ%’nlﬁmé’mi) meldaounsainsudsunlasannennawuy A2
waz B2 alsSinamivinluuSunas 964.12, 912.25, 884.04 uay 700.26 au.al. / 3unit auady evhnis
USuilasunsliusslenifinumuaniuniseld 3 (ﬂ’mﬁmﬁuﬁﬂqm’hfﬂwmL?i”mé’mfi )nmelagniunisainig
WAsuuUasan meINIALU A2 way B2 nuiiinamvnildainmssaeddneldaounisaifanuniian
Ao 1043.78, 987.82, 949.91 uag 757.45 au.4. / U9 auadu
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Y

a v a
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AVlusEAIANUS IS ssinsinduLay ()

Yanaihmnelamaldsuuwlasnm
IMAUUU A2: 2016 - 2031 LATHUNMS
Ugntiradsesing 50 %

300 *
= 0.9321x - 16.833""
g Yot iy
0 @0 '@ -
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o2
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nsmuammmidsswiaiviuae () nsmuaEmAUiTuS T ahvhuay ()

o o
Vinanhrumelimwtousasanim Viinanhrdunelémaasuudasanw
2IMALVY A2: 2016 - 2031 uaziufing 2IMAUUY A2: 2032 - 2046 uaAUHNT
Ugnliiuadudiu Ugnliinadudiu
300 ,
, , ® 300
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‘:g 200 R? = 0.9068 .‘ = 200 Y 0.8812x-22.946
s e “g R*=0.9633  g'®
& 100 LY & 100 R
R — 0 ames
0 100 200 300 0 100 200 300

1} ¥ .
Vi Uiy

2 : & X (€))
nsmuanp iU sewinnivihuas (@) nsmuansr AL sewirninhuay
Vinanhdumelémswasuuuasdnin Vnanhdumelénmswavuuasanm
& o & o
2IMARUY B2: 2016 - 2031 WAZWUNNNS DINAUUY B2: 2032 - 2046 WATWUNNTG
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A2: 2016-2031, (1) A2: 2032-2046, (@) B2: 2016-2031, (3) B2: 2032-2046

NNgUR 7-19 wudrandudsydnsnisdedula (R) dedesiiannislanisilasuudasaninennie
WUy A2: 2016 - 2031 1 0.9068 wazuniganielanisildeunuasanineiniakuy A2: 2032 - 2046 ¥

0.9633

7.7 29fUTENBUYBIANAAL

715197 7-7 BadUTENEUTRIANAAY LagANINT 7-8 uansosazvesiwinadsdetily de
psfUsznourasaNnatlfnnNaTuTesA LAt uuiazesdUsznou twhiafu + thannnislvadiudig
+ duma - nsgaidsannsivadu Tnsnuisinuivinadeimun vesaniunisainsannisugn
d13lng (F7lneanas 09%) uazn1sugnliidusiu 53.949% Vldl 28.56% wagindug 17.7% Ui
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waglunng n1sidsunlasanineniainIaniunisaiiinisugndilnaingu (50%) uagn1suan

TINAILAY (80%) wavanunsainzann1sugninalng (Grilweanas 0%) uaznisuanliigusu 53.94%

£
} % =

Ul 28.56% waghivdus 17.7% LAnnsgaideainnisaiesemennndu n1stualarifuainmudiennyy

[
=

Lz dIuInnauinTundtaniunisaiiinisugnilnaminiby (50%) wagn1sugndnalnaiiudiy (80%)

' [
L3 a = A

Wasananumsalitununldiiudy vielddusu Urlduaziivdus warllaeudiludiainaraiuiganin
anunsainunivgndnalnawingy vieiuiuidu 80% wazduldlngdisszaonisivaveaidwhliiia

N3 eaIRUTe kALEIUIAIAGTY

182



M13197 7- 7 ssAUsenavaunauinuanun1sainslduselevinau

17.7%

amw mslduselowifinu 1y vRafu (u) mslualafafuain ﬁfﬂwa%mm;j Msgedeannsne Msgaydeseninems Uinauiviadevann

pllomea (313) (1) fud uIMa ey g (3130)

A2: 2016-2031 | 917lnnana (0%) 1987.94 839.14 151.95 4.06 1219.50 0.36 994.79
Frlnawiuda (50%) 973.54 136.86 1.81 1113.42 0.23 111.98
Fralnain (80%) 1042.53 125.28 0.49 1086.69 0.07 1168.23
1ffEusiu 53.94% U1lsl 28.56% waziivdue 818.41 155.29 2.47 1243.98 0.28 975.88
17.7%

A2:2032-2046 | grilnwmanas (0%) 1914.13 750.22 150.69 2.31 1127.25 0.18 903.04
Frlnawida (50%) 890.31 133.79 0.99 1009.06 0.08 1025.00
FralnainTu (80%) 991.70 118.44 0.00 924.30 0.02 1110.13
iy 53.94% U1lil 28.56% wazfivdue 751.91 141.66 111 1043.10 0.13 894.55
17.7%

B2: 2016-2031 | F1lneanad (0%) 1779.51 766.74 116.13 2.00 774.13 0.40 884.47
Frlnawinia (50%) 870.73 103.99 0.75 721.44 0.31 975.16
FralnainT (80%) 939.26 92.44 0.00 672.02 0.02 1031.68
$iudu 53.94% Ul 28.56% wazfivdue 762.36 118.07 1.52 803.66 0.39 881.57
17.7%

B2: 2032-2046 | f1lneanad (0%) 1495.86 462.57 92.22 1.06 758.77 0.13 555.71
FrANAMUAL (50%) 655.84 98.43 0.71 812.26 0.09 754.89
dlwaiam (80%) 605.51 73.15 0.00 629.57 0.01 678.65
1fBus 53.94% 1137 28.56% wazirdue 574.72 106.90 1.18 811.55 0.18 682.62
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M13197 7- 8 SevavveesAUsenavaunauretlumuanun1sainisidUselevingu

amw mslduselowifinu 1y FovazUIU WA JovaznslvaliRinAuain Sogavinlviaduasgin SovaznisAny Seuagn1sgedeseninng Sovavtvihinae/

pllomea (313) fuahelu Fudna/du vnaaheu s/l Tua/drlu thelu

A2: 2016- dlnmanag (0%) 1987.94 42.21 7.64 0.20 61.34 0.02 50.04

2031 Frlwavinia (509%) 48.97 6.88 0.09 56.01 0.01 55.94
SrlnaAnTyY (80%) 52.44 6.30 0.02 54.66 0.00 58.77
Witumu 53.94% Unlil 28.56% wag 41.17 7.81 0.12 62.58 0.01 49.00
fiadun 17.7%

A2: 2032- s lnnanas (0%) 1914.13 39.19 7.87 0.12 58.89 0.01 47.18

2046 Frlwawindiy (50%) 46.51 6.99 0.05 5272 0.00 53.55
FrlnainTy (80%) 51.81 6.19 0.00 48.29 0.00 58.00
lefdudu 53.94% Unlsl 28.56% uaz 39.28 7.40 0.06 54.49 0.01 46.73
faduq 17.7%

B2: 2016- dnlnnanas (0%) 1779.51 43.09 6.53 0.11 43.50 0.02 49.70

2031 Frlwaviniu (50%) 48.93 5.84 0.04 40.54 0.02 54.80
FlnanTy (80%) 52.78 5.19 0.00 37.76 0.00 57.98
idudu 53.94% Unlil 28.56% uay 42.84 6.63 0.09 45.16 0.02 49.54
faBuq 17.7%

B2: 2032- dlnnanad (0%) 1495.86 30.92 6.17 0.07 50.72 0.01 37.15

2046 Frlwawindiy (50%) 43.84 6.58 0.05 54.30 0.01 50.47
SalneiLd (80%) 40.48 4.89 0.00 42.09 0.00 45.37
ldiludu 53.94% Unlel 28.56% uaz 38.42 7.15 0.08 54.25 0.01 45.63
fiadu 17.7%
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M13197 7- 10 WiguisuUsinamegneuluusazanunsainisidisunlasnisiduseleninaunielaanunisainsifsuulasaningiiennie

ann . s . _ Y (A
- nslduselavunau 1.A. AN, iA. 138 .A. . .. a.. n.e. 7.0, .. 5.0. -
Faaulagly /%)
Frlnavinia (50%) 0 0 | 80,430 439 3,723 113,500 | 208,600 | 205,000 | 352,800 144,900 | 959 110 1,110,460
> .
R F1lnnanas (0%) 0 0 | 59,850 550 1,895 93,880 181,900 | 205,200 | 307,900 124,800 1,158 141 977,274
N
(@]
R FrlnaLLIY (80%) 1,196,349
(@]
& gy 53.94% Ul 0 0 | 97,650 342 5,412 132,500 | 202,700 | 234,300 | 370,900 151,600 | 854 92
28.56% AU 17.7% 1 0| 2,041 1,493 395 103,500 | 192,500 | 218,300 | 313,800 121,600 | 498 50 954,178
Flnaviniu (50%) 123 223 | 324 1,373 2,802 132,700 | 199,900 197,100 | 352,400 146,500 | 2,751 332 1,036,527
>
e F1lnnanas (0%) 125 189 | 235 706 1,426 111,500 | 202,800 168,200 | 307,600 127,000 1,986 361 922,128
(@]
R o o X
g dralweniistiu (80%) 121 239 | 390 1,914 4,030 153,600 | 231,600 | 218900 | 374,900 155,700 | 3,241 307 1,144,942
& oiEudy 53.94% Uil
28.56% AU 17.7% 121 172 | 219 689 1,273 110,300 | 203,000 170,100 | 308,100 124,100 1,186 214 919,474
Frlnaviniy (50%) 18 1]1 14 2,317 123,700 | 304,600 | 208,500 | 310,600 | 85,970 957 93 1,036,770
o]
e Jlnnanas (0%) 22 1]2 14 1,099 103,300 | 262,300 181,600 | 270,100 | 73,730 987 120 893,276
2 .
g FINALANTU (80%) 1,140,270
5 gy 53.94% Ul 15 1]2 14 3,331 143,600 | 343,900 | 227,400 | 329,100 | 91,900 932 76
28.56% AU 17.7% 93 1]1 16 923 96,730 258,000 197,200 | 322,300 | 93,490 1,454 108 970,316
@ Fralnaviniy (50%) 2 0 014 1,451 72,690 215,500 197,700 | 207,800 | 64,140 893 89 760,279
N
S Flnnanas (0%) 3 0 0l 16 730 54,820 188,700 | 201,500 | 211,500 | 49,190 908 112 707,479
0
Q o o &
2 Fralnaiudy (80%) 1 0 0|14 2,006 86,950 210,200 | 222,800 | 222,100 | 70,440 867 75 815,453
i8udu 53.949% Unlgd
28.56% AU 17.7% 2 ofo 13 590 51,360 184,000 196,300 | 207,600 | 45,760 771 99 686,495
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T13lwe wazanunsalmaiiniunugniilne aeldaniunsainisifsuulasanmeiniauuy A2
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ANANUIN N

A1 bulk density (g/cm?) wazanuuluy

ID WAUN #regn3fi | Elevation (m asU) | Bulk density (g/cm3) | Soil moisture (%)
Grid
901 1 1.1-1 1,238 (+ 2) 1.15 8.93
(1 1.1-2 1,276 (+ 2) 1.44 7.13
1.1-3 1,135 (¢ 2) 1.47 10
2 1.2-1 1.56
1.2-2 1.47
1.2-3 1.71
3 1.3-1 1.61
1.3-2 1.68
1.3-3 1.65
902 4 21-1 1,151 (+ 2) 1.31 124
(2) 21-2 1,216 (+ 2) 1.52 17.23
21-3 1.60
5 22-1 1.42
22-2 1.80
22-3 1.72
903 6 3-1 1,071 (+ 2) 1.82 32.07
(3) 3-2 1.84
3-3 1.79
904 7 4.1-1 1,332 (+ 3) 1.53 16.43
(4) 4.1-2 1.47
41-3 1.31
8 4.2-1 1,322 (+ 2) 1.33 15.83
4.2-2 1.45
4.2-3 1.43
101 9 5-1 624 (+ 2) 1.83 6.43
(5) 5-2 1.87
5-3 1.93
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ID Nl #0813l | Elevation (m asU) | Bulk density (g/cm3) | Soil moisture (%)
Grid
102 10 6-1 748 (+ 2) 1.28 6.53
(6) 6-2 1.60
6-3 1.70
103 11 7-1 645 (+ 3) 1.48 18.57
(1) 7-2 1.74
7-3 1.75
104 12 81-1 652 (+ 2) 1.45 10.57
(8) 8.1-2 1.52
8.1-3 1.25
13 8.2-1 557 (+ 2) 1.44 7.3
82-2 1.64
82-3 1.36
105 14 9-1 611 (+ 2) 1.49 5.1
9) 9-2 1.62
9-3 1.69
911 15 10-1 1,160 (+ 2) 1.28 13.37
(10) 10-2 1.58
10-3 1.14
111 16 11.1-1 504 (+ 2) 1.42 10.8
(11) 11.1-2 1.63
11.1-3 1.63
17 11.2-1 507 (+ 2) 1.54 4.73
11.2-2 1.36
11.2-3 1.47
912 18 12.1-1 1,436 (+ 2) 1.07 7.83
(12) 12.1-2 1.30
12.1-3 1.26
19 12.2-1 1,399 (+ 2) 1.23 20.4
122-2 1.27
122-3 1.19
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ID quﬁ #regn3fl | Elevation (m asl) | Bulk density (g/cm3) | Soil moisture (%)
Grid
912 20 123-1 1,255 (+ 2) 1.64 38.8
(12) 123-2 1.57
123-3 1.63
112 21 13.1-1 542 (+ 2) 1.68 11.13
(13) 13.1-2 1.96
13.1-3 1.92
22 13.2-1 627 (+ 2) 1.29 8.1
13.2-2 1.48
13.2-3 1.77
113 23 14.1-1 633 (+ 3) 1.24 5.9
(14) 14.1-2 1.43
14.1-3 1.41
24 14.2 -1 714 (+ 2) 1.53 1.73
14.2-2 1.59
14.2-3 1.69
25 143 -1 848 (+ 3) 1.18 6.7
143-2 1.32
143-3 1.27
26 144 -1 877 (+ 3) 1.25 14.5
14.4-2 1.46
144-3 1.47
114 27 15-1 531 (+ 3) 1.46 5.53
(15) 15-2
15-3
115 28 16 -1 528 (+ 3) 1.34 12.53
(16) 16 -2 1.60
16-3 1.69
116 29 17.1-1 523 (+ 2) 1.64 8.7
(17) 17.1-2 1.74
17.1-3
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ID quﬁ #regn3fl | Elevation (m asl) | Bulk density (g/cm3) | Soil moisture (%)
Grid
30 17.2-1 498 (+ 2) 1.55 5.8
17.2-2 1.47
172-3 1.94
31 173-1 550 (+ 2) 1.53 4.3
17.3-2 1.44
173-3
32 18.1-1 792 (+ 3) 1.42 8.27
18.1-2 1.59
18.1-3 1.58
33 18.2-1 678 (+ 2) 1.55 16.57
18.2-2 1.55
117 18.2-3 1.71
(18) 34 19.1-1 859 (+ 3) 1.44 26.83
19.1-2 1.79
19.1-3 1.69
35 19.2 -1 835 (+ 2) 1.81 39.53
19.2-2 1.57
913 19.2-3 1.50
(19) 36 20.1-1 919 (+ 2) 1.71 46.1
20.1-2 1.83
20.1-3 1.77
37 20.2-1 1.64
20.2-2 1,013 (+ 2) 1.59 26.87
914 20.2-3 1.39
(20) 38 203-1 1,133 (+ 2) 1.52 7.4
203-2 1.41
203-3 1.53
39 204 -1 890 (+ 4) 1.81 34.77
204 -2 1.88
204-3 1.97

266



ID quﬁ #regn3fl | Elevation (m asl) | Bulk density (g/cm3) | Soil moisture (%)
Grid
914 40 21.1-1 1,036 (+ 2) 1.43 36.37
(20) 21.1-2 1.52
21.1-3 1.72
41 21.2-1 965 (+ 2) 1.45 25.6
21.2-2 1.73
915 21.2-3 1.50
(21) 42 21.3-1 815 (+ 2) 1.45 22.2
213-2 1.72
213-3 1.61
43 22.1-1 1,043 (+ 2) 1.47 24
22.1-2 1.40
221-3 1.61
44 222 -1 1.26
222 -2 1,031 (+ 2) 1.58 18.53
916 22.2-3 1.60
(22)
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AMANUIN 3

1. Mssguiieu output Miausludaiaualasinisuasilaase

Ly fanssuy output Tausludaiaualasenis Output i
(activities) 16234
6 \Fioul | Aanssum 1. foyannmsdsanaauniigndes uaz 1. 100%
1 nquszasdded 1 | asudu
2. HANTUTHIUNARER AUNULAZHARBUWIUYRY | 2. 100%
nsUgnirilnaissdnd/Aminaudeiug uas
i suaurany ludagdu 3. 100%
3. nansUsziiunsUanUaeeieseunszanain
NSWAYEINIINNTHNAYIINTANNWNNTNYAT
Tudaqiu
6 \Fioul | Aanssum 1. wansUspidiunansgvuainnsudsuann 1. 100%
2 fnquszasdden | enmameldaanunisalanmgiionnialuounan
2,3 uay 4 LUU A2 WAy B2 Scenarios AeNananinlnaaes
dni/Anlnawdaiug LasnunsnauNaIy N139e
ANIINAEVRINTFUY UarN1TaYEEs NS
(lLwlnsiau uagweaneasa) veauwdarsuuuunisld | 2. 100%
Usgloviiiiu
2. Uspifiunanssmuannmsuasuanineinie
meldanumsaianingiionnialueuianiuy A2 | 3. 100%
uay B2 Scenarios AlaauAAL
4. 100%
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Reflecting Context of Highland Agriculture and Estimating Cost and Return of each Landuse

Patterns, Mae Chaem Basin, Chiang Mai
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Faculty of Environment and Resource Studies, Mahidol University, Nakhon Pathom 73170, Thailand

*Corresponding author: Email: nathsuda.pum@mahidol.ac.th, nathsuda@gmail.com

Abstract: The objective of this study was to estimate the production cost and return of land use patterns for
grain maize planting, seed maize planting, and integrated farming system in Mae Chaem basin, Chiang Mai
province. A total 149 farmers were selected using purposive sampling technique. Crop management practices,
production costs, returns, barriers, and needs support from related agencies were asked and collected. Cost
and return method was used to estimate farmer’s net profit. Results showed that all integrated farming system
patterns were found the higher net profit comparing with grain maize and seed maize plantings, especially
lettuce and strawberry plantings. It gained net profit 116,625 Baht/rai, while grain maize and seed maize
plantings generated net profit 1,664 and 1,553 Baht/rai, respectively. Therefore, the encouragement and
supportive policy for convincing farmers to adopt integrated farming system instead of grain maize and seed
maize plantings are crucial necessary.

Keywords: Grain maize, seed maize, integrated farming system, cost and return, Mae Chaem basin
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\{a TR = Total Revenue; P = Price of Output; Q = Quantity of Output; Cl = Cash Income; Il = In-kind Income;
TC = Total Cost; TFC = Total Fixed Cost; TVC = Total Variable Cost; CC = Cash Cost; NCC = Non-Cash Cost;

NCP = Incomes over the cash costs; NR = Incomes over the variable costs; NP = Net Profit
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Table 1. The costs of grain maize, seed maize and integrated farming system (Unit: Baht/rai)

Cabbage
Cape Japanese Japanese
Grain Seed + Cabbage+ Shallots+ Cabbage+ Peanut + Peanut + Lettuce + Red bean +
Gooseberry + pumpkin + pumpkin +
Maize Maize Japanese | Strawberry | Cabbage Potato Corn Red bean | Strawberry Cabbage
Red bean Peanut Red bean
pumpkin
1. Fixed Costs
157 118 239 465 303 530 647 545 650 77 265 614 542
- Agricultural equipment’s depreciation
2. Variable Costs 4,466 4,536 16,016 178,150 109,684 60,378 26,760 9,035 4,914 235,158 21,945 18,736 176,169
- Land preparation 716 700 4,950 17,921 7,709 3,800 6,110 3,951 1,570 40,308 6,756 2,563 5,678
- Water management 140 0 720 22,880 15,609 0 0 0 0 25,996 0 546 27,154
_Seed 400 560 3,348 21,081 2,853 15,776 2,744 2,119 606 24,080 2,788 1,254 4,120
_Labor 641 750 1,125 7,278 5,167 5,354 6,749 1,761 1,417 10,600 3,487 4,746 17,471
_ Fertilizer 1,706 1,225 912 36,630 22,085 23,917 5,142 753 959 47,988 3,493 3,464 34,635
_Insecticide and herbicide 317 544 1,450 29,076 46,930 6,364 3,619 451 0 30,057 1,975 2,302 72,821
- Harvesting and storing 546 757 3,511 43,284 9,331 5,167 2,396 0 362 56,129 3,446 3,861 14,290
4,623 4,654 16,255 178,615 109,987 60,908 27,407 9,580 5,564 235,875 22,210 19,350 176,711

3. Total cost
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Table 2. The returns of grain maize, seed maize and integrated farming system (Unit: Baht/rai) (Mean+SD)

Incomes over

Incomes over

Total Revenue Net Profit
the variable costs | the cash costs
Grain Maize 6,287+4,532 1,821+1,563 2,171+1,673 1,664+1,342
Seed Maize 6,207+3,867 1,671+1,295 2,173+1,307 1,553+1,157

Peanut + Red bean

18,400+5,578

13,486+4,573

13,726+3,856

12,836+6,843

Peanut + Corn

25,900+10,054

16,865+7,680

16,825+6,807

16,320+8,573

Cabbage + Japanese pumpkin

28,200+10,896

12,184+6,478

13,486+6,4501

11,945+5,452

Japanese pumpkin + Red bean

41,700£17,754

22,964+9,068

24,799+12,680

22,350%£10,583

Japanese pumpkin + Peanut

56,000+20,578

34,055+12,041

36,235+13,664

33,790+18,043

Cape Gooseberry + Red bean

66,000+24,857

39,240+15,088

40,751£18,472

38,593+20,467

Cabbage + Potato

77,200£29,075

16,822+11,534

19,462+10,004

16,292+9,547

Shallots + Cabbage

135,800+32,573

26,116+£11,904

28,906+14,231

25,813+12,086

Red bean + Cabbage

210,000+45,895

33,831+£12,783

36,401+17,302

33,289+14,793

Cabbage + Strawberry

302,500+38,769

124,350+29,575

128,185+32,077

123,885+31,548

Lettuce + Strawberry

352,500+46,043

117,342+24,564

118,748+25,091

116,625+26,740
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Assessment of Landuse Change and Climate Change on

Runoff in Mae Chaem Watershed

aswasunasnsldusslavinauntela

Introductlon

ilture area provides the most runoff in Mae Chaem watershed

Since the habits of Thai’s farmers have changed due to the
highly competition in the present, from a Simultaneous Cropping
System to a Single Crop Yields (OAD, 2010).An expansion of hill
agriculture has led to more and more deforestation. Hence,
either drought or flood may occur. There are other factors that
can drift the behavior of water such as climate changes, and land
use changes. SWAT model has been used to simulate surface
runoff and also simulate the impact on surface runoff from
landuse change, and climate change (SWAT, 2017).

Objective

160 120
140
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100
80
60
40
20

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec = =0bs ==sim

=eobs ==sim

Figure 1 A graph shows observed runaff and sim uiated runoff (Calibration) Figure 2 A graph zhows obzerved runaff snd simulated runaf [Validation)

Table 3 Earsmetars adusted in SWAT-CUP Apresent landuse (53.94%)

The aim of this study is to assessing the amount of runoff in
Mae Chaem watershed in accordance with landuse change
scenarios under A2 and B2 climate scenario.

Methodology Result

Calibration and validation data

is a monthly observed runoff

Define Landuse / Climate | |from hydrology station P14A

change scenarios during January — December

¥ 2014 and 2016 for validation.

Calibrate and Validation | SWAT parameters were adjusted

via SWAT-CUP. Landuse change

scenarios and climate change

scenarios were combined to
simulated runoff.

I Data preparation I

Applying SWAT model for
runoff simulation

P; ers Old Value New Value i
CN2 77 85.316 o
ALPHABF  0.48 0.006 =
GWDELAY 31 500 sc
GWQMN 1000 1.95

Jon Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

A2 2016-2031 —mA2 2032-2046 B2 2016-2031 = =B22082-2046

Afully reforestation (0%)
300 350
300
250
200
150
100
50
o

lan b War Apr May Jun
——A22016-2031 ——A22032-2045 ——82 2016-2031 = =52 2032-2046

Ml Aug Sep Oct Nov Dec

R R KA e iy
—a22016-2031

Jul Auz Sep Oct Nov Dac

Conclusion

Outcome

Achieving a fundamental runoff data for policy-makers to
manage and preserve Mae Chaem watershed optimally.

Both coefficient of determination (R2) and nash-sutcliffe efficiency
(Ens) reached the satisfactory at 0.67 and 0.65 for calibration, and
0.86 and 0.62 for validation. The evaluation from each landuse
change scenario reveals that, a huge agriculture expansion scenario
generate the most annual runoff (1043.78) while a reforestation
scenario generate the least annual runoff (856.39)
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Abstract: Particulate pollution is a continual problem which is usually caused by the burning
of crop residues in highland agricultural systems. The objectives of this study are to investigate
crop-residue management and estimate the amount of pollutant emissions from burning crop residues
for each land-use pattern (grain maize, seed maize and integrated farming), and to estimate the
chemical compositions of PM; 5 emissions from agricultural burning in Mae Chaem basin, Chiang Mai
Province, Thailand. The purposive sampling method was used for sample selection. A door-to-door
questionnaire survey was used to obtain responses from 149 respondents. Greenhouse gas (GHG)
emissions from the open burning of crop residues were estimated, using specific emission factors
obtained from several literature reviews and from the field by the questionnaire survey. Results
revealed that the majority of farmers burned maize residues during April and May and mostly in
the afternoon. These burning behaviors are in line with the supportive weather conditions that
reflect high values of temperature and wind speed, and less rainfall and relative humidity result in
maize residues being burned easily and quickly. The integrated farming system generated the lowest
GHG emissions and amount of chemical composition of PM; 5 emissions, followed by the grain
maize and seed maize patterns, respectively. This study strongly supports the implementation of the
integrated farming system in Mae Chaem basin. Proactive and reactive measures should be taken in
a well-organized and systematic fashion and should engage all related parties. More importantly,
there is an urgent need for policy makers to include PM; 5 concentrations to upgrade Thailand’s
air-quality index (PM; 5 AQI).

Keywords: Mae Chaem basin; maize; burning crop residues; PMj5 emissions; integrated
farming system

1. Introduction

Biomass burning is a common phenomenon across the globe that has played a vital part in
worsening the climate [1]. Many studies have illustrated the amounts of biomass being burnt from
various sources, including deforestation, shifting cultivation, forest fires and burning of fuel as well as
agricultural residues, most of which occur in the tropical zone [2—4]. At the global scale, forest fires
are the largest source of greenhouse gas (GHG) emissions as they release large amounts of carbon
at one time, accounting for approximately 2020 Tg (25% of all the burnt biomass), while the second
largest source is the burning of agricultural residues [5-7]. Burning agricultural or crop residues has
resulted in serious air pollution in many countries and over 50% of the black carbon in the global
atmosphere [8]. Particulate matter (PM) that results from biomass burning also has negative effects
on both the environment and human health. In the developing world, especially in South-East Asia,
open biomass burning is a common activity that typically takes place before and after cultivation as a
way of controlling crop residues and weeds [9,10]. Specifically, PM; 5 particles with an aerodynamic
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size of less than 2.5 pm can be deposited primarily in the pulmonary region [11,12]. Due to the large
surface area of PMj 5, toxins, including polycyclic aromatic hydrocarbons (PAHs) and heavy metals,
are absorbed onto the surface. This can trigger or exacerbate conditions such as asthma, emphysema,
bronchitis, silicosis and lung cancer [13].

In the northern part of Thailand, particulate pollution has been a recurrent problem mainly caused
by burning of agricultural residues in highlands where maize is grown for animal feed. In Thailand,
maize is produced mainly for animal feed: most of the maize production (80-100%) is sold to animal
feed factories for commercial purposes and for domestic consumption. Only a small amount of the
maize production is exported. In 2015, Thailand’s domestic demand for maize was 5.34 million tons,
which was a slight increase (around 5.95%) from 2006, because of the growing demand from the
animal feed industry and the expansion of the livestock industry [14]. As a result, the maize-producing
areas in the highland were expanded and a total amount of more than 12 million rais (1,920,000
hectares) of agricultural area and forest was turned into maize farms [15]. Farmers usually choose
to burn crop residues, as burning is a quick and easy way of getting rid of them to prepare for the
next cultivation season. However, burning of such biomass often releases significant amounts of
air pollutants such as CO,, N,O, CHy, CO, NH3, NOy, SO, NMHC, volatile organic compounds
(VOCs), semi-volatile organic compounds (SVOCs) and PM; (particles with aerodynamic size less
than 10 um) [16]. Turning forest and agricultural areas into maize farms also leads to further problems
such as pervasive invasions into forests, which result in floods, landslides, and subsequent road
accidents as well as damage to crops. Mae Chaem basin is one area in northern Thailand that has
changed the use of land from other crops and forests to grow maize significantly [17]. In addition,
the overuse of chemical fertilizers and pesticides always has an impact on the environment and the
burning of maize residues is a major cause of air pollutants and particulate pollution [18].

Recently, PM; 5 has become a major threat to people” health in Thailand and the government
is placing more emphasis on the monitoring and improvement of local and regional air quality.
Khamkaew et al. [19] found that the average PM; 5 concentrations at Chiang Mai University and Doi
Ang Khang stations were 74.5 4 43.5 and 59.1 4 44.1 ug m~3, respectively, and confirmed that biomass
burning was a major source of PMj; 5 at both sites. Moreover, Greenpeace [20] reported that Chiang
Mai province was one out of five cities with the highest annual average concentrations of PM; 5 from
January to July 2016. Seven out of 11 cities measured (63.6%) did not reach the National Ambient Air
Quality Standard, which puts the annual limits at 25 j1g m~2 for PM, 5 and all 11 cities measured
did not reach the World Health Organization (WHO) guideline annual limit of 10 pg m 3. Therefore,
the objectives of this study are (1) to investigate the management of crop residues and to estimate
the amounts of GHG emissions from burning crop residues of each land-use pattern: grain maize,
seed maize and integrated farming; and (2) to estimate the chemical composition of PM; 5 emissions
from agricultural burning.

2. Materials and Methods

2.1. Study Area

The study area is Mae Chaem (Chaem River) basin, which is located in Chiang Mai Province in the
northern part of Thailand. It is a tributary to the north of the Ping River, which is the largest tributary
of the Chao Phraya River in the central part of Thailand. The location of the Mae Chaem basin is 18°6'0”
t0 19°10’0” N and 98°4’0” to 98°34'0” E, covering an area of 3853 km? (Figure 1). The climate of this area
is determined by the amount of seasonal precipitation, given that the annual precipitation is influenced
by Pacific-born typhoons and superimposed on the south-west monsoon [21]. These geographic
parameters result in the spatial distribution of precipitation [22], an average annual temperature
between 20-34 °C, and a rainy season that lasts from May to October.

The pattern of land use has shifted drastically over the past decades. In the 1960s, much of the
plantation area at high altitude (>1000 m.a.s.l.) was dedicated to opium plantations, while at medium
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altitude (600-1000 m.a.s.l.), farmers carried out rotational farming, meaning that they grew their crops
for a decade and then left the land empty for another decade. The main crop grown was rice, mostly
around residential areas [23,24]. In the 1980s, the Mae Chaem basin development projects led to
the development of infrastructure and the promotion of small agricultural projects for commercial
purposes with the aim of fighting poverty and encouraging the cultivation of other crops over opium.
The development project resulted in an increasing number of agricultural products from the highlands,
such as cabbage and carrots, and the expansion of industrial crops such as soybean and maize around
basins between high and medium altitudes, as well as the expansion of irrigated areas for rice, fruit and
orchids [23-26]. However, in the last 10 years maize monoculture has increased dramatically due to
increasing demand for maize according to the growth of the animal feed industry [27].
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Figure 1. Study area.

2.2. Data Collection

The objective of this research is to study the areas dedicated to growing grain maize, seed maize
and integrated farming. In this study, integrated farming refers to the cultivation of more than two
different cash crops in the same area. Crops that were commonly grown in the Mae Chaem basin
included peanut, potato, soybean, pumpkin, napa cabbage, strawberry, cabbage, shallot, Chinese
parsley, avocado, coffee bean and other vegetables. The sampling method was purposive sampling,
by which the researcher identified the expected numbers of farming villages and households that grew
maize and maize seed and practiced integrated farming in relation to the objective of the study. To be
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precise, this study aimed to collect data from farming households that grew grain maize and seed
maize and practiced integrated farming, which meant that a sample size determined on the basis of the
total number of households in the villages would be too large for this study. However, the number of
samples to be taken from each village was determined based on the consultation with the sub-district
administrative organization, making effective use of their broad knowledge of the area, expertise,
and experience to come up with the group of samples that best represented the area. Onsite data
collection included 10 sub-districts from two districts: (1) Mae Suek, Mae Na Chon, Tha Pha, Pang Hin
Fon, Kong Khaek, Ban Thap, and Chang Khoeng sub-districts in Mae Chaem District; and (2) Chaem
Luang, Ban Chan, and Mae Daet sub-districts in Galyani Vadhana District. Each of these sub-districts
was represented by two of its villages, and each village was represented by approximately 10 of its
households. In-depth interviews included 20 community leaders and 10 chief officials from district
and sub-district administrative organizations. In total, there were 149 respondents.

Monthly temperature, relative humidity, rainfall and wind speed data were obtained from
Chiang Mai meteorological station during the period 2012-2017. Data were analyzed to detect the
climatological trend and connect with crop residual burning activities during the past 5 years.

2.3. Estimating Greenhouse Gas (GHG) Emissions

07

The volume of emissions of gas “x” from burning crop residues was estimated based on the
amounts of crop residues burnt, called “activity data”, and the emission factor [28], as shown in
Equation (1). In estimating activity data, the burned area, biomass density and burning efficiency were
taken into account, as shown in Equation (2):

Ey = A x EF, 1)

A=BA x BD x BE @)

where x is the emission type; Ey (g) is the amount of emission of each type; A (kg) is the activity data;
EFy (g kg ~1) is the emission factor; BA (km?) is the burned area; BD (kg m~2) is the biomass per
surface unit; and BE (dimensionless) is the burning efficiency.

In this study, the specific emission factors from several literature reviews were used, as shown in
Table 1. In this study, BD is 0.40 kg m~2 (range: 0.30~0.50 kg m~2) [29], while BA and BE were obtained
from the field.

More specifically, chemical compositions of PM; 5 emissions from maize burning were estimated
using the emission factor from Li et al. [30].

Table 1. Summary of emission factors (EFs) specific to grain maize and maize seed open burning (Tier 2).

Name of Pollutant Unit EF (Open Burning) Source
CO, gkg~ldm 1515.00 Andrea and Merlet [31]
Cco gkg ldm 38.80 Jenkins et al. [32]
CHy g kg_ldm 2.70 Andrea and Merlet [31]
N,O g kgfldm 0.07 Andrea and Merlet [31]
NH; gkg ldm 2.40 Lee and Atkins [33]
NOy gkg~ldm 1.80 Jenkins et al. [32]
NO?QE;TSESSV&?&I\?SE%?HK gkg~ldm 4.50 Jenkins et al. [32]
SO g kg_ldm 0.20 Jenkins et al. [32]
Fine particulate matter (PM, 5) g kgfldm 6.00 Jenkins et al. [32]
PMiq gkg ldm 6.20 Jenkins et al. [32]
Black carbon (BC) mg kgfldm 750.00 Turn et al. [34]

dm = Dry material.
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2.4. Estimating Activity Data

2.4.1. Burned Area (BA)

The burned area was estimated based on the crop harvest area (HA) and the ratio of the burned
area to harvest area, as shown in Equation (3).

BA = HA x %BA 3)

where HA is the area where the crop of each type was harvested and %BA is the ratio of the burned
area to harvest area. The data on harvest areas of both maize and maize seed in the study area were
collected from Mae Chaem District Agriculture Office, and %BA data were collected from the farmers.

2.4.2. Burning Efficiency (BE)

Burning efficiency was the actual ratio of both types of maize residues that were burned down.
Burning efficiency was divided into four groups: (1) minimal burning (1-25%), (2) nearly half burned
(26-50%), (3) more than a half burned (51-75%), and (4) nearly all burned (76-100%).

2.5. Ground Observation and Questionnaire Survey

Questionnaires were used to collect data about farm management practices, crop residue
management, and burned areas. The main topics in the questionnaire included the following: (1) the
cultivation area of crops; (2) the number of crop plantations; (3) the variety of crops grown; (4) planting,
storing and harvesting methods; (5) the method of removing residues of crops from the farm after
harvesting; (6) the reasons for burning or not burning residues; (7) did farmers burn their residues of
both maize types? (If yes, how much and when?); (8) if the farmers did not burn the crop residues,
what did they do with them? (9) How much of the residue was burned (1-25%, 26-50%, 51-75%,
76-100%)? (10) How much of the planting area was burned (1-25%, 26-50%, 51-75%, 76-100%)?
(11) What were the income, cost, and revenue per crop (baht/year)? (12) Was there any other income,
aside from maize (baht/year)? (13) Was there any policy or support from the government and/or
any related agency concerning maize production? (14) Was there any policy or support from the
government and/or any related agency concerning aspects other than maize production? (15) If they
were asked to stop growing maize and start growing other crops, would they be willing to? Why?
What were the advantages and disadvantages?

3. Results

3.1. Meteorological Data

The meteorological data collected at Chiang Mai Province during the period of 2012-2017 is
shown in Figure 2. The average temperatures of the 5-year period ranged from 29.8 °C (January) to
37.4 °C (April). The monthly average rainfall ranged from 9.8 mm (March) to 200.2 mm (August).
The average relative humidity and wind speed ranged from 54.0% (March) to 79.2% (September),
and 1.5 km h™! (January) to 2.9 km h~! (May), respectively.

3.2. Burning Seasons of Grain Maize, Seed Maize and Integrated Farming

Field data showed that, among the farmers in the Mae Chaem basin, 29% and 27% burned residues
of grain maize and seed maize in April and May, respectively. After that, the most common months
for burning these residues were December (21%), February (7.7%), November (5.8%), January (3.8%),
and June, July, and October (1.9% each). However, none of them burned the maize residue in March,
August and September. Meanwhile, 31.82% burned crop residues from the integrated farming system
in April, 22.72% in May, 9.09% in January, March, and December, and 4.54% in February, August,
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September, and November. Also, it was found that none of the farmers burned the crop residue from
the integrated farming system in June, July or October (Figure 3).
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Figure 2. Temperature, relative humidity, rainfall and wind speed at Chiang Mai Province during the
period 2012-2017.
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3.3. Method of Removing Residues from the Field

Approximately 50% of the farmers left the grain maize and seed maize residues in their fields
without burning or removing them while 41% of them burned them in the field. In addition, it was
found that 4% of the farmers took the residue out of their fields to use it for other purposes, and 5%
of them practiced all three methods: burning, removing and leaving in place. Most of the farmers
(approximately 62%) left the crop residue from the integrated farming system within their fields,
while 24% of them burned it down. Only 11% of them removed the crop residue from their fields to
use it for other purposes and 3% of them practiced all three methods (Figure 4).

Landuse pattern

-o

Grain maize or Seed maize 40.79%
3.95%

0% 20% 40% 60% 80% 100%

Proportion of method for removing residues from the field

= Removing Burning ®Leaving in place  ® All three methods

Figure 4. Method of removing residues from the field.

However, farmers in each area had different ways of dealing with the crop residues. The results
showed that 75% of farmers in Chang Khoeng sub-district left the grain maize and seed maize residue
on their fields, while 25% of them burned it. Of the farmers in Mae Daet sub-district, 33.33% removed
the residue from their fields, 33.33% burned it down, and the remaining 33.34% left it within their
fields. Moreover, of the farmers in Mae Suek sub-district, 75% burned the residue on their fields while
25% of them left it on their fields (Figure 5A). Figure 5B illustrates how crop residues were dealt with
by farmers who practiced integrated farming. It was found that in Chaem Luang sub-district most of
the farmers burned it down in their fields (80%) and 20% of them left it in their fields. Farmers in Ban
Thap and Pang Hin Fon sub-districts were similar: 50% of them burned the crop residue in their fields
and the other 50% left it in their fields. Meanwhile, Mae Suek sub-district was the only area where
farmers did not leave any crop residue in their fields, with 60% of them burning it down and 20% of
them removing it from their fields. It was also found that in Chang Khoeng sub-district, all the farmers
left the crop residue in their fields.
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Figure 5. Method of removing residues from the field of each sub-district: (A) grain maize and seed
maize, (B) integrated farming system.

3.4. Times of the Day at Which Crop Residues Were Burnt

Most of the farmers (66.67%) burned the grain maize and seed maize residues in the afternoon
(12:01-18:00 h), while 27.78% of them did so in the morning (06:01-12:00 h), and 5.55% of them did so
in the evening (18:01-06:00 h). Moreover, the results showed that 85.71% of the farmers burned the
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crop residue from the integrated farming system in the afternoon (12:01-18:00 h), 14.29% did so in the
morning (06:01-12:00 h), and none of them did so in the evening (18:01-06:00 h) (Figure 6).

Landuse pattern

Integrated farming system 85.71%

Grain maize or Seed maize - 66.67%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Proportion of times of the day for burning

506:01-12:00 12:01 - 18:00 =18:01-06:00

Figure 6. Times of the day for burning crop residues.

Concerning each area, all of the farmers in Chang Khoeng and Mae Daet sub-districts burned the
grain maize and seed maize residues in the afternoon. Of the farmers in Mae Na Chon sub-district,
75% burned it in the afternoon and 25% of them did so in the evening. On the other hand, 67% of the
farmers in Pang Hin Fon sub-district burned it in the morning and 33% of them did so in the afternoon
(Figure 7A). In the case of integrated farming, most of the farmers in Kong Khaek, Ban Thap, Pang Hin
Fon, Mae Suek, and Mae Daet sub-districts chose to burn the crop residue in the afternoon. Meanwhile,
most of the farmers (86%) in Chaem Luang sub-districts chose to burn the crop residue in the morning
(Figure 7B). In addition, it was found that 61% of the burning activity took between one to two hours,
while 39% of the activity took less than one hour.

3.5. GHG Emissions from Burning Grain Maize and Seed Maize Residues

From highest to lowest amounts, the GHG emissions that resulted from burning grain maize and
seed maize residues were as follows: CO,; > CO > PM;y > PM,5 > NMVOCs > CH; > NOy > BC >
SOy > N,O. Estimated amounts of CO,, CO, PM;y, PM, 5, NMVOCs, CH4, NOy, BC, SOy, and N,O
emissions from burning grain maize residues were 9879.3, 253.0, 40.4, 39.1, 29.3, 17.6, 11.7, 4.9, 1.3,
and 0.5 kg ha~! year™!, respectively (Table 2). Meanwhile, the estimated amounts of the greenhouse
gases CO,, CO, PMyy, PM; 5, NMVOCs, CHy, NOy, BC, SOy, and N;O emitted by burning seed maize
residues were 16,851.7, 656.1, 104.8, 101.5, 76.1, 45.7, 30.4, 12.7, 3.4, and 1.2 kg ha—! year’l, respectively
(Table 3). Overall, the total amount of GHG emissions caused by the burning of seed maize residues
was 23.94% higher than the total emissions caused by the burning of grain maize residues.
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Figure 7. Times of the day for burning crop residues of each sub-district: (A) grain maize and seed
maize, (B) integrated farming system.

3.6. GHG Emissions from Burning Crop Residues under the Integrated Farming System

Similarly, GHG emissions that resulted from burning crop residues from the integrated farming
system were as follows: CO, > CO > PM;y > PM,5 > NMVOCs > CHy > NOy > BC > SOy
> N2O. On average, the estimated amounts of the greenhouse gases emitted from burning crop
residues under the integrated farming system were 6383.4, 163.5, 26.1, 25.3, 19.0, 11.4, 7.6, 3.2, 0.8,
and 0.3 kg ha™! year~! (Table 4). In addition, it was found that the farmers in Ban Thap sub-district
who grew grain maize and, after harvesting, shallot, accounted for the greatest amount of GHG
emissions from burning crop residues among all crops grown in the area, whereas the farmers in
Chaem Luang sub-district who grew Japanese pumpkin twice a year accounted for the smallest amount
of GHG emissions.
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Table 2. Air-pollutant emissions from burning grain maize residues.

CO, co CHy4 N,O NOy NMVOCs SOx PM;5 PMjy BC

Sub-District Land-use Pattern and Varieties
kg ha—1year—!

Kong Khaek shallots, glutinous rice, grain maize, seed maize 3607.1 92.4 6.4 0.2 4.3 10.7 0.5 14.3 14.8 1.8
Tha Pha pumpkin, grain maize 5908.5 151.3 10.5 0.3 7.0 17.6 0.8 234 24.2 29
Ban Thap grain maize 5681.3 145.5 10.1 0.3 6.8 16.9 0.8 22.5 23.3 2.8
shallots, upland rice, grain maize 12,120.0 3104 21.6 0.6 14.4 36.0 1.6 48.0 49.6 6.0
Mae Daet grain maize 22,725.0  582.0 40.5 1.1 27.0 67.5 3.0 90.0 93.0 11.3
Mae Na Chon grain maize 6775.3 173.5 12.1 0.3 8.1 20.1 0.9 26.8 27.8 34
Mae Suek grain maize 12,338.1  316.0 22.0 0.6 14.7 36.6 1.6 48.9 50.5 6.1
Average 9879.3 253.0 17.6 0.5 11.7 29.3 1.3 39.1 40.4 49

Table 3. Air-pollutant emissions from burning seed maize residues.

CO, co CHy; N;O NOx NMVOCs SOx PM,5 PM;p BC

Sub-District Land-use Pattern and Varieties
kg ha=! year—!
Kong Khaek shallots, pumpkin, seed maize 9561.6 2449 17.1 04 114 28.4 1.3 379 391 4.8
Chang Khoeng shallots, seed maize 12,2715 314.3 21.9 0.6 146 36.4 1.6 486 503 6.1
Tha Pha seed maize 18,066.4  462.7 32.2 0.8 21.5 53.7 2.4 71.6 739 8.9
Ban Thap seed maize 21,829.3  559.1 38.9 1.0 259 64.8 29 864 893 10.8
Pang Hin Fon seed maize 20,009.4 2083.8 145.0 3.8 967 241.7 10.8 3223 333.0 403
Mae Na Chon seed maize 18,455.8 4727 329 0.8 219 54.8 24 731 756 9.1
Mae Suek seed maize 17,768.1  455.1 31.7 09 211 52.8 23 704 727 8.8

Average 16,851.7  656.1 45.7 1.2 304 76.1 34 1015 1048 12.7
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Table 4. Air-pollutant emissions from burning crop residues under integrated farming system.
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Sub-District

Land-use Pattern and Varieties

Co,

CcOo

CH,

N,O

NOy

NMVOCs

SO«

PM, 5

PM10

kg ha=! year™

1

Kong Khaek

888 grain maize
888 grain maize, shallots

1212.0

31.0

22

0.1

1.4

3.6

0.12

4.8

5.0

Chaem Luang

peanuts, red beans
Japanese pumpkin, peanuts
Japanese pumpkin, Japanese pumpkin
Japanese pumpkin, red beans
peanuts, peanuts
red beans, avocado, pumpkin
rice, red bean, avocado, coffee bean
lettuce, potato, bog choy, parsley
strawberry 329, strawberry 80

6817.5
5113.1
378.8
5681.3
511.3

174.6
130.9
9.7
145.5
13.1

12.1
9.1
0.7

10.1
0.9

0.3
0.3
0.0
0.3
0.0

8.1
6.1
0.4
6.8
0.6

20.3
15.2
1.1
16.9
1.5

27.0
20.3
1.5
225
2.0

27.9
209
1.6
23.3
21

Chang Khoeng

pumpkin, pumpkin
Japanese pumpkin, peanuts

Ban Chan

corn, peanuts
pear, avocado, plum, cape gooseberry
kale, coriander, rice, Japanese pumpkin
cabbage, lettuce, rice, Japanese pumpkin
Japanese pumpkin, vegetable salad, cabbage, coriander, vocado,
passion fruit, pear
Nakhon Sawan 3 grain maize, red beans
888 grain maize, shallots

3933.2
26,512.5

100.8
679.0

7.0
47.3

0.2
1.3

4.7
31.5

11.7
78.8

0.5
35

15.6
105.0

16.1
108.5

1.9
13.1

Ban Thap

strawberry 329, strawberry 80
strawberry 80, strawberry 329, cabbage

Mae Daet

strawberry 80, strawberry 329, napa cabbage
strawberry 80, strawberry 329
NK328 grain maize, NK62 grain maize, Japanese pumpkin
potatoes, avocado, grape, cabbage

Mae Suek

green grapes, seed maize
cabbage, potatoes, avocado, grapes
NK grain maize, pioneer grain maize, 888 grain maize, napa
cabbage, arabica coffee

927.6

23.8

1.6

0.1

1.1

2.8

0.1

3.7

3.8

0.4

Average

6383.4

163.5

114

0.3

7.6

19.0

0.8

25.3

26.1

3.2
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3.7. Chemical Components Characteristics in PM; 5

The estimation shows that the integrated farming system produced the lowest amount of chemical
composition of PM; 5 emissions, followed by grain maize and seed maize, respectively. OC was
detected as the dominant chemical composition in PM; 5 mass, followed C1~, NH*, K*, EC, S0,2%,
and NO; 7, respectively. The top 10 pollution levels of heavy metals in the PM; 5 mass were in the
following order: Pb > K >Ti>Mn >V > Sr > S > Cd > As > Se in all three land-use patterns (Table 5).

Table 5. Chemical composition of PM; 5 emissions from agricultural residue burning.

Chemical Species Grain Maize Seed Maize Integrated Farming System
(gha=1year™1) (gha=1year™ 1) (gha=1year 1)
ocC 152.59 395.61 98.48
EC 13.69 35.50 8.84
Cl- 105.64 273.88 68.18
NO;~ 2.74 7.10 1.77
50,2~ 8.61 22.32 5.56
NH,* 46.95 121.73 30.30
K* 39.13 101.44 25.25
Al 0.00016 0.00043 0.00011
Ca 0.00027 0.00070 0.00017
Fe 0.00005 0.00014 0.00004
Si 0.00021 0.00055 0.00014
Mg 0.00021 0.00055 0.00014
K 0.03169 0.08216 0.02045
Na 0.00078 0.00203 0.00051
S 0.00309 0.00801 0.00199
Sc 0.00027 0.00071 0.00018
Ti 0.00548 0.01420 0.00354
\% 0.00391 0.01014 0.00253
Mn 0.00509 0.01319 0.00328
Co 0.00016 0.00041 0.00010
Ni 0.00133 0.00345 0.00086
Zn 0.00110 0.00284 0.00071
Ga 0.00012 0.00030 0.00008
As 0.00270 0.00700 0.00174
Se 0.00231 0.00598 0.00149
Sr 0.00333 0.00862 0.00215
Zr 0.00157 0.00406 0.00101
Mo 0.00027 0.00071 0.00018
Ag 0.00070 0.00183 0.00045
Cd 0.00274 0.00710 0.00177
Sb 0.00020 0.00051 0.00013
Ba 0.00102 0.00264 0.00066
Tl 0.00035 0.00091 0.00023
Pb 0.04304 0.11158 0.02778

4. Discussions

4.1. Prescribed Agricultural Burning Behaviors

Prescribed burning can be accomplished by applying knowledge of and skill with burning
to specific site and weather conditions [35]. However, common prescribed burning parameters
influencing land-management purposes are rainfall, relative humidity, temperature and wind
speed [36,37]. Based on our findings, the majority of farmers in the Mae Chaem basin burned residues
of grain maize and seed maize during April and May (Figure 3) and mostly in the afternoon (Figure 6).
These burning behaviors are in line with the supportive weather conditions for burning. This is
because the high values of temperature and wind speed, and less rainfall and relative humidity
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during the burning period (Figure 2), result in maize residues that are burned easily and quickly.
This finding can be supported by Indiana Department of Natural Resources [35], which indicated that
high temperatures help dry residues quickly and increase the heat intensity of the fire. High wind
speed can also increase the spread of flames and airborne particulate distribution, while calm wind
supports air-pollutant accumulation. Moreover, temperature and wind speed generally increase to a
maximum in the early afternoon and then decrease to a minimum after sunset.

Furthermore, fires are more intense under low rainfall or in an area to be burned that has dried
after rainfall. These results are due to the rainfall effects on relative humidity of the surrounding air
and moisture content of residues; if they retain more moisture, they are less apt to burn. Our results are
also consistent with Chantara et al. [38] who found that the concentrations of atmospheric pollutants in
Chiang Mai (Thailand) were high from January to April (dry season), decreased from May to October
(wet season), and increased again from November to December (the cool, dry season). The Pollution
Control Department (PCD) [39] also reported that open biomass burning in agricultural and forest areas
in northern Thailand produced vast smoke /haze during the dry season (February—April), which is
consistent with Chantara et al. [38] and Sillapapiromsuk et al. [40].

4.2. Field Burning of Crop Residues and GHG Emissions

Maize cultivation in the Mae Chaem basin takes place in the non-irrigated highlands.
After harvesting, farmers leave the maize residues in the field until the next crop. However, open field
burning of crop residues is a simple method by which farmers in this area can clean the agricultural
land to facilitate soil tillage. Several studies have confirmed that open burning of crop residues is an
efficient way to control insects, diseases and the emergence of invasive weed species [41,42]. On the
other hand, it has been argued that this practice has negative impacts in terms of national economic
losses [43,44], environmental degradation [45,46], health impacts [47], and soil organic matter (SOM)
loss [48], which leads to a reduction of soil fertility and crop production.

Importantly, open field burning of crop residue transforms soil nutrients to gaseous form which
is released to the atmosphere [49]. It has been reported that field burning of crop residues represents
a major source of GHGs and aerosols [50,51]. These trace gases have negative impacts not only on
the environment but also on human and animal health, especially in pregnant woman and small
children [52,53]. According to Singh et al. [54], the medical records of the civil hospital of Jira, Punjab,
indicated that there was a 10% increase in the number of patients within 20-25 days of the burning
period. This is because more than 60% of the people live in the rice cultivation areas and rice residues
are burned every season. In addition, Gadde et al. [55], Gullett and Touati [56], and Lin et al. [57]
mentioned that burning crop residues results in the release of harmful chemicals to the atmosphere
such as polychlorinated dibenzo-p-dioxins, polycyclic aromatic hydrocarbons, and polychlorinated
dibenzofurans, which are referred to as dioxins. These air pollutants have toxicological properties and
are potential carcinogens. Air pollution can result in the death of animals, as the high levels of CO,
and CO in the animals’ blood can convert the normal hemoglobin into deadly hemoglobin. There can
also be a potential decrease in the yield of the milk-producing animals [53].

Moreover, the burning of crop residues affects not only soil fertility but also farmers’ income,
because the conversion of forest areas to agricultural land has resulted in a significant decline in SOM
content [58]. On steep slopes in the highlands, this can easily result in soil erosion and a decline of soil
fertility. According to Boonlertnirun and Jompuk [59], nitrogen and sulfur most frequently limit the
maize yield and are emitted to the atmosphere in fires. Heard and Hay [60] found that about 98-100%
of the nitrogen, 24% of the phosphorus, 35% of the potassium, and 75% of the sulfur were lost through
burning in Manitoba, Western Canada. Moreover, Gupta et al. [61] estimated that the burning of straw
increases soil temperature up to 33.8-42.2 °C (1-cm depth). However, for maize production in the
highlands, an alternative to residue burning is needed, and this takes the form of the sequestration
of carbon from plant biomass into SOM. To enhance the nutrient balance of maize-planting areas,
implementing crop rotation (e.g., mung bean, soybean, red bean, pumpkin) under different types of
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fertilizers and incorporating these crop residues in the soil can help to develop effective policies to
address nutrient-related environmental problems and achieve a sustainable maize stover harvest [62].

4.3. Chemical Compositions of PM, 5 Emissions from Agricultural Burning

In terms of air-quality assessment, an important parameter is PM, especially PM, 5 that causes
the negative effects on human health (such as impeded breathing, chronic asthma and lung cancer),
visibility, radiation [63-66] and climate change [67]. Our finding revealed that OC was the dominant
chemical composition in PM; 5 mass, which is in line with Turn et al. [34] who reported that about 50%
of PM emission from crop residue combustion is carbonaceous aerosol. Moreover, our findings are
in line with several studies, which reported that C1~, NH,*, K*, EC, S042~ and NO3;~ were derived
from the combustion process, while K* and C1~ were the dominant pollution from agricultural residue
burning [40,68-71]. Long et al. [72] reported a 34% increase in ambient PM; 5 concentrations from
agricultural burning in the North China Plain. Cheng et al. [73] attributed 37% of PM; 5 mass, 70% of
OC, and 61% EC to crop burning in southern China. Elevated K* and Cl~ abundances in PM have
been reported for biomass burning in China [74] and in Korea [75]. In Thailand, Chantara et al. [38]
determined the seasonal variation of atmospheric ion species and gases in the suburban area of Chiang
Mai Province. Their results show that the first component had a high loading of SO42~, NH,* and
K*, which was probably generated from fuel combustion, agricultural activity and biomass burning,
respectively. In addition, Khamkaew et al. [19], Vinitketkumnuen et al. [76] and Chantara et al. [77]
found the major elements in the PM; 5 from biomass burning in Chiang Mai Province were K*, Mg,
Al and Fe.

Moreover, PM; 5 contain various toxic heavy metal elements, among which Pb represented the
highest concentration of heavy metals in PMj; 5 from agricultural burning compared with the other
elements in this area. Previous studies have demonstrated that Pb is a carcinogenic heavy metal that
can be enriched in the human body via inhalation, dermal absorption and ingestion [78-80]. It should
be noted that an integrated farming system generated the lowest concentrations of heavy metals in
PMj; 5 due to the lower amount of maize residue burning than other land-use patterns.

4.4. Comparisons of GHG Emissions among Grain Maize, Seed Maize and Integrated Farming

Comparisons of GHG emissions among the three land-use patterns—grain maize, seed maize,
and integrated farming—pointed to the fact that farmers who grew seed maize were responsible
for the largest amount of GHG emissions, followed by those who grew grain maize and those who
practiced integrated farming, respectively. It was also found that most of the farmers who did not
grow grain maize or seed maize but grew other plants such as strawberry, Japanese pumpkin and
cabbage did not burn any crop residues. In addition, field data showed that there were several reasons
why the farmers burnt their crop residues. First, residues of grain maize and seed maize are hardly
degradable and lead to pests and weeds. Secondly, the residues are a hindrance to farming activities
such as tillage, pesticide, herbicide and fertilizer applications, and planting. Thirdly, burning is a cost-
and time-saving method. Fourthly, it is difficult to remove grain maize and seed maize residues from
the fields as trucks cannot get into them. Finally, some farmers understand that burning is allowed
before or after the period announced by the government.

4.5. Proposed Policies

Proactive and reactive measures should be taken in a well-organized and systematic fashion
and should engage all related parties. The following plausible solutions for particulate pollution and
forest-fire control are suggested: (1) Urgent measures: state agencies must enhance their collaboration
and work to officially announce severe particulate pollution warnings in specific areas to urge the
government to allocate budgets to help alleviate hardship among those affected. A royal rainmaking
station should be established in the northern part of Thailand to cope with the particulate pollution
issue. In addition, there should be communication with countries in the Greater Mekong Subregion
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(GMS)—including Myanmar, Vietnam, and Laos—in order to improve how these countries prevent
and cope with open biomass burning. (2) Long-term measures: the concept of “wet forest” that was
initiated by King Bhumibol Adulyadej, or King Rama IX, should be incorporated into the proactive and
reactive measures for particulate pollution and forest fire using the following methods: first, water from
the waterways should be used and various plants should be planted along the waterways. Second,
a forest fire prevention system should be built with a wet fire line using irrigation water and rain
water. Third, fast-growing trees should be grown to cover a water channel to gradually increase the
surrounding moisture and spread it to both sides of the channel, thus helping plants to grow and
preventing forest fires, since fires normally thrive on drier land. Fourth, a check dam should be built to
close off a water channel or small streams at various intervals to retain some of the water and sediment.
The retained water will be absorbed into the soil and will increase moisture on both banks, thus making
it a wet forest. Fifth, water should be pumped to the highest possible location and released in small
amounts so that it is absorbed into the soil to grow “mountain forests” as wet forests. Sixth, two meters’
worth of banana plants should be planted in forests as they can retain water better than other plants
can, which will reduce water loss.

More importantly, policy makers urgently need to include PM; 5 concentrations in Thailand’s air
quality index (PM, 5 AQI) in order to provide the public with more comprehensive air-quality data,
and implement the measures to control and reduce air pollution in the future.

5. Conclusions

The majority of farmers in the Mae Chaem basin burned residues of grain maize and seed maize
during April and May and mostly in afternoon. These burning behaviors are in line with the supportive
weather conditions for burning that reflect high values of temperature and wind speed, and less rainfall
and relative humidity result in maize residues that are burned easily and quickly. The amount of
GHG emissions from burning crop residues showed that grain maize planting generated emissions
of CO; > CO > PM;y > PM; 5> NMVOCs > CHy > NOy > black carbon > SO, > N,O with average
values of 9879.3, 253.0, 40.4, 39.1,29.3,17.6,11.7, 4.9, 1.3, and 0.5 kg ha~1 year‘l, respectively; while
seed maize planting demonstrated about 23.94% higher emissions than maize planting, with values of
16,851.7, 656.1, 104.8, 101.5, 76.1, 45.7, 30.4, 12.7, 3.4, and 1.2 kg ha~! year’l, respectively. Meanwhile,
the integrated farming system generated GHG emissions, with average values of 6383.4, 163.5, 26.1,
25.3,19.0,11.4,7.6,3.2,0.8, and 0.3 kg ha~! year~!, respectively.

The integrated farming system recorded the lowest amount of chemical composition of PM; 5
emissions, followed by grain maize and seed maize, respectively. OC was detected as the dominant
chemical composition in PM; 5 mass, followed by C1~, NH4*, K*, EC, S04%~, and NO; respectively.
The top 10 pollution levels of heavy metals in the PM; 5 mass were in the following order: Pb > K > Ti
>Mn>V>5r>S5>Cd>As > Se.

This study strongly supports the implementation of the integrated farming system in Mae Chaem
basin. More importantly, including PM, 5 concentrations to upgrade Thailand’s air-quality index
(PM3 5 AQI) is an urgent need for policy makers.
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Assessment of Landuse Change and Climate Change on Runoff in Mae Chaem Watershed
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ABSTRACT
The purpose of this study is to study the effect on runoff from the chang of landuse under A2 and B2
climate scenario in Mae Chaem watershed by using SWAT model. To run SWAT various input data are required,
Digital Elevation Model: DEM, climatology data, soil data, and landuse/land cover. The reliability of a simulated
value shall be compared with an observed value via Coefficient of determination (RZ) and Nash-sutcliffe efficiency
(E,). This study is divided into 3 cases which are a. Present landuse, b. A huge agriculture expansion and c.
Reforestation. The result shows that among these 3 cases the most area cover with agriculture area provides the most

runoff in Mae Chaem watershed.
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Introduction

Thailand is an agricultural - based country. Since the habits of Thai’s farmers have changed due to the
highly competition in the present, from a Simultaneous Cropping System to a Single Crop Yields (The Organic
Agriculture Development Center, 2010). An expansion of hill agriculture has led to more and more deforestation.
This impact shall lead to erosion that can cause sedimentation in low land river. A high sedimentation in a particular
spot shall lead to a shallow and direction changes. Hence, either drought or flood may occur.

To prevent the above threat, a good stimulation is required in order to understand the consequences from
hill agriculture in each scenario. Runoff, nutrient, and sediment are keys component of these impact. Considering the
agriculture activities, there are other factors that can drift the natural behavior of water such as climate changes, land
use, specific management, and etc. which lead to various situations and managerial ways.

The Soil and Water Assessment Tool SWAT is widely used in assessing soil erosion prevention and
control, non-point source pollution control and regional management in watersheds SWAT model has been used to
simulate from a small watershed to a huge watershed scale in both quality and quantity of surface water and

groundwater and also simulate the impact from landuse change, and climate change (SWAT, 2017).

Objectives of the study
The aim of this study is to assessing the amount of runoff in Mae Chaem watershed in accordance with

landuse change scenarios under A2 and B2 climate scenario.

Material and Methodology

Data preparation

To simulate runoff, SWAT model required a data to process. The input data collect in this study are Base
map and Climatology data. The data were requested from Land Development Department and Northern

Meteorological Center Meteorological Department as listed in table 1

Table 1 Input data for SWAT model

Type of data Details Source of data Step
Base map
e Dem 30 - A projected Grid shows the -Land Development Department - Project setup

elevation in Mae Chaem.

e Mae Chaem - A projected Grid shows the -Land Development Department - Water delination
Boundary boundary of Mae Chaem.

e  River line - A projected Grid shows the -Land Development Department - Water delination
river line in Mae Chaem.

e Land use - A projected Grid shows the - Land Development Department - HRU analysis
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Table 1 Input data for SWAT model (Cont.)

PMP4-3

Type of data Details Source of data Step
®  Soil type - A projected Grid shows the soil - Land Development Department - HRU analysis
characteristics in Mae Chaem.
Weather data

e  Temperature

e  Precipitation

- The temperature collected from
Mae Chaem weather stations,
recorded from (1/1/1979) to
(31/12 /2016)

- The precipitation collected from

Mae Chaem weather stations,

recorded from (1/1/1979) to (31/12

- Meteorological department

- Meteorological department

- Weather station

- Weather station

/2016)
e A2B2 The daily temperature and -SEASTART - Weather station
climate precipitation from (1/1/2016) to
scenario (31/12/2031)
Observed data
e  Runoff - The daily runoff at hydrology -Upper Northern Region Irrigation - Calibration &

station P14A recorded from

(1/1/2010) to (31/12/2016)

Hydrology Center

Validation

Landuse changes scenarios

Landuse changes in this study shall be divided into 3 scenarios, where each scenario is an assumption as follow.

Present landuse

The first scenario is the base year of a present landuse (2015) which shall be simulated base on

landuse map in Mae Chaem watershed.

A huge agriculture expansion

In this scenario the researcher assumed that there is an increasing in agriculture in Mae Chaem

watershed. The total amount of agricultural area increase is equal to the amount of forest area left at present, meaning

that all available forest area shall be converted to an agricultural area.

Reforestation

In this scenario the researcher assumed that there is an increasing in forest conservation in Mae

Chaem watershed. The total amount of forest area increase is equal to the amount of agricultural area left at present,

meaning that all available agricultural area shall be converted to forest area.
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Climate change scenarios
The titles of the storylines have been kept simple: A2 and B2 described by Sangmanee et al. (2010) as
follow:
A2 Climate scenario
A2 climate scenario was selected to represent an upcoming monthly weather forecast. To illustrate
the underlying theme is self-reliance and preservation of local identities, where economic growth and technology are
gradually developed. Values of A2 climate change consist of precipitation (rainfall in mm.) and temperature (degree
celcius).
B2 Climate scenario
The B2 storyline and scenario family describes a world in which the emphasis is on local
solutions to economic, social, and environmental sustainability. It is a world with moderate population growth,
intermediate levels of economic development, and less rapid and more diverse technological change than in the Bl
and A1 storylines. While the scenario is also oriented toward environmental protection and social equity, it focuses

on local and regional levels.

Applying SWAT model for runoff simulation
Before simulate runoff from SWAT model. SWAT model require a calibration, in order to get the closet
and harmonize with the observed data in both runoff and sediment. Parameters in SWAT model shall be adjusted by
SWAT-CUP, then the best parameters shall be readjusted to SWAT model. After the calibration is done, validation is
required. When calibration and validation are done, SWAT model is applicable.
Calibrate and Validation
The monthly observed runoff for calibration and validation are retrieved from hydrology station
P14A which locate at Hot district Chaing Mai. Coefficient of determination (Rz) and Nash-sutcliffe efficiency (E )

shall be evaluate.

Results
SWAT parameters are calibrated via SWAT — CUP as show in table 2. These streamflow-related parameters

are frequently used for SWAT model calibration, summarized by (Douglas-Mankin et al., 2010).

Table 2 Parameters adjusted in SWAT-CUP

Parameters Detail Old Value New Value Changes %

CN2 or runoff curve number is a value
which identify an efficiency of runoff

CN2 ) . 77 85.316 +10.8%
flow in accordance with land cover.

Range from 35 - 98.
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Table 2 Parameters adjusted in SWAT-CUP (Cont.)

Parameters Detail Old Value New Value Changes %

A constant value which direct variation to
ALPHA BF 0.48 0.006 -98.5%
groundwater recharge. Range from 0.1 - 0.3

The delay time consume in permeability
GW DELAY 31 500 +1512%
process. Range from 0 - 500

The initial value of water in aquifer.

(Groundwater will reach surface water
GWQMN 1000 1.95 -99.8%
when a water level is greater or equal to

GWQMN). Range from 1 - 1000.

The calibration data is a monthly observed runoff from hydrology station P14A during January — December
2014 as shows in table 3. The satisfactory of (R®) and (E, ) are greater or equal to 0.6 and greater or equal to 0.5 (Arnold

etal., 2012) respectively.

Table 3 Monthly comparisons between observed runoff and simulated runoff at hydrology station P14A

Year

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2014
Obs 47.28 29.69 24.22 9.37 4453 4441 50.47 94.13 146.81 73.78 37.26 26.51
Sim 31.47 30.73 26.78 23.64 2797 40 45.81 59.79 1242 127.4 46.2 29.27

Calibration result
After compare a simulated runoff with an observed runoff as shows in figure 1 during January - December
2014 (via SWAT - CUP), the analysis reveals that Coefficient of determination (Rz) and Nash-sutcliffe efficiency

(E,) are 0.67 and 0.65 respectively.

160
140
120
100
80
60
40
20
0

Runoff (m3/ sec)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

obs sim

Figure 1 A graph shows observed runoff and simulated runoff (Calibration)
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Validation result
In validation process observed runoff and simulated runoff are compared as shows in figure 2 by which the
period of observed runoff is January - December 2016 (via SWAT - CUP), the analysis reveals that Coefficient of

determination (RZ) and Nash-sutcliffe efficiency (EHS) are 0.86 and 0.62 respectively.

120

5 100

2 80

g 60

]

£ w0
20
0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

obs sim

Figure 2 A graph shows observed runoff and simulated runoff (Validation)

Therefore, both calibration and validation were satisfied. SWAT is applicable for estimate both runoff and

sediment in accordance with landuse changes in Mae Chaem watershed under climate change scenarios.

Landuse changes and runoff

A present landuse (53.94%) A fully reforestation (0%)
300 300
250 250
200 200
150 150
100 100
50 50
0 0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
— — — A22016-2031 A2 2032-2046 — — — A22016-2031 A2 2032-2046
B22016-2031 ======- B2 20322046 B22016-2031 ======- B2 20322046
Figure 3 Simulated runoff in present landuse Figure 4 Simulated runoff in fully reforestation
under A2 and B2 climate changes under A2 and B2 climate changes
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Table 4 Simulated runoff in accordance with landuse changes in Mea Chaem watershed under climate change scenarios

Climate Total
Landuse Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec N
Scenario (m’/year)
Present landuse
0.06 0.05 6745 417 10.09 98.14 171.20 19120  291.50 122.00  6.63 1.63 964.12
> 9
N (53.94%)
S
= Reforestation (0%) 0.07 0.06 53.76  4.88 7.69 83.62 152.60 169.60  265.40 109.10  7.70 1.91 856.39
D
S .
3 Agriculture expand
= 0.05 0.05 80.16  3.52 12.00 112.80 189.00  208.10  304.40 12630 593 1.46 1043.78
(82.5%)
Present landuse
1.46 2.26 2.58 5.46 8.69 112.40 189.30 16420  289.70 122.60 10.41 3.19 912.25
>
S (53.94%)
S
S Reforestation (0%) 1.52 2.16 233 4.16 6.70 96.43 169.30 14420  263.30 110.00 10.02 3.45 813.57
N
> .
& Agriculture expand
a 1.43 2.33 2.73 6.33 10.22 128.70  208.60 179.30  306.1 128.60 10.49 3.00 987.82
(82.5%)
Present landuse
w 0.49 0.12 0.15 0.44 6.98 105.60  251.70 172.10  263.10  75.52 6.37 1.46 884.04
N (53.94%)
g
= Reforestation (0%) 0.56 0.14 0.16 0.46 5.06 90.46 229.30 153.60 24220  67.96 6.91 1.69 798.51
D
S .
“w Agriculture expand
= 0.44 0.11 0.14 0.44 8.37 12120 273.40 18520 27410  79.27 5.94 1.30 949.91
(82.5%)
Present landuse
= 0.18 0.04 0.02 0.39 5.39 64.50 176.30 187.50  200.50  58.00 6.11 1.33 700.26
)
N (53.94%)
S
S Reforestation (0%) 0.22 0.05 0.03 0.41 4.05 53.24 157.50 167.70 18220  50.81 6.55 1.54 624.29
)
<>
g Agriculture expand
0.15 0.03 0.02 0.39 6.27 75.65 19450 20220  209.50  61.85 5.71 1.18 757.45

(82.5%)

Figure 3 - 5 the simulation runoff in each landuse change scenario under A2 and B2 by which the period of

A2 and B2 climate scenarios were split into two periods (2016 - 2031 and 2032 - 2046). From table 3 the result

reveals that, the highest runoff occurs in September (306.1 m3/sec) under A huge agriculture expansion landuse under

A2 2016-2032 climate change. The lowest runoff occurs in March (0.02 m3/sec) in accordance with both Present

landuse and A huge agriculture expansion landuse under B2 2032-2046 climate change.
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Table 4 shows that the second scenario (Reforestation under A2 and B2 climate scenario) gives the lowest
runoff which are 856.39, 813.57, 798.51 and 624.29 m’ / sec. For the first scenario (Present landuse under A2 and B2
climate scenario) gives a moderate runoff which are 964.12, 912.25, 884.04 and 700.26 m’ /sec. For the third
scenario (Huge agriculture expand under A2 and B2 climate scenario) gives the highest runoff which are 1043.78,

987.82, 949.91 and 757.45 m’/ sec .

Discussion

As the result shows that, in a situation with an increasing in agriculture area cause an increasing in runoff.
This result relates to a study of Wuttichaikitcharoen (2013) when forest is converted to an agriculture area, the ability
of plant uptake decrease. Water yield has a decrease of 1.8 percent in the forest landscape scenario and an increase of
4.2 percent in the agriculture-rich scenario (Sun et al, 2015). It also proofs that a forest cover loss is accompanied by
an increased stream discharges and surface runoff (Guzha et al, 2018). Water demand from maize crop is less than
tree’s demand which lead to a higher runoff in a scenario with a more agriculture area. The impacts of climate change
under A2 scenario and landuse change is prior to (Pervez & Henebry, 2015) that runoff is projected to increased by
10% annually when the area of forest is reduced under A2 climate.

It is obvious that, the total runoff shall response differently among landuse. These responses are determined by a
hydrological process of interception, infiltration, evapotranspiration, and groundwater (Lin et al, 2015). Conversion from
agriculture (except orchard) to forest usually increases evapotranspiration rate and soil infiltration capacity, which lead to a

reduction in total runoff (Lin et al, 2012).

Conclusions

The impact on runoff from landuse change under A2 climate scenario was estimated, while landuse change
scenarios were assumed by changing from an agriculture area to a forest area and vice versa. The assumption of
landuse changes were defined as a. 0% of agriculture area (all agriculture area was converted into forest area) b.
53.94% of agriculture area (forest area remained at 28.56%) and c. 82.5% of agriculture area (all forest area was
converted into agriculture area)

Before using SWAT model to simulate runoff, calibration and validation are required. The result shown that
both coefficient of determination (Rz) and nash-sutcliffe efficiency (Ens) have reached the satisfactory standard at 0.67
and 0.65 for calibration, and 0.86 and 0.62 for validation, while calibration period is January-December 2014 and
January-December 2016 for validation.

The evaluation on the impact from each landuse change scenario reveals that, a huge agriculture expansion scenario
(82.5% of agriculture: no forest area) generate the most annual runoff (1043.78) while a reforestation scenario (82.5% of

forest: no agriculture area) generate the least annual runoff (856.39)
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