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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 investigate 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 kg/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 recommmendations 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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awwmwulﬂgﬁﬁﬂjﬁﬁﬂﬁw%fyLauimasjﬁﬂiamL%DLLazﬂiaﬁ%ﬁgu A Auluusfiufivesglsy
ADES qﬁgLﬁsLﬁaamﬂmiﬁwmW%mﬂwaaammamﬁﬁu (Miraglia et al. 2009) Tuuavsn1 uss19)
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wasuliseusuinauiilve uasUseasunenauliaunsodiiaunaismisienisusion
o aa v a a Y o = oa a = "
LaENISUTENNTIN 3 Neyuwananiitigavesiudaiinanianmsisuidasanimeniede EL Nifo -
Southern Oscillation (ENSO) ninegnnsinuazuuasdmninisinuasiarlsnssuinmanidimansenuse
HANANNIINITNYAT USINYNI1500 ENSO Faieatesiu 2 wla MFenyadn ELNiRo wag La Nifa
FENINMAAUIINGN38L ELNifo an1neIn1Aazwianadtuniens Jusanideaniloveslssineusnda
a A a L Q‘ ! gj o Y a ’6’ ! % v a ¥ y a
dulafide warawwsnile Bandntueaviiiinuviudundulunieeinld aelanzaveseiusn,
= ] 2 . ! [V 7 A % 1 [ L3
wilowazuwaululensng La Nina azdwmalunianssiudny Aenusnwtn egnslsinnu Usingnisal
7iin EL Nifo Uasasetu wardinanssyusonandnniansinuastunaie g uenamniumad
211EU AL AINARINITNTIEUARAMUTALEsE NI TIdUNTNYY way gRaInnIsuLasnTlY
iWonsinwnsiguiy n1siasuulasaniwernie lnslannz egsBsgamndl denansznulaenssde
NITUIUNINATIMY LN ANTTUVBALUAL BNTINITHER NITHRIUT UAEANRETEA DI1ANFTY
wazAnA1NlUdNY (Farooq et al. 2012) flanseiiu Useloydainnisildsundasaningiiennimse
szvunnnuasAfilfifutig wu Usinahduiiifistu ggniamisugniieiuiuidu sedufie

Asuaulneanlyn ﬁ \‘1% @WQLW@J@G]i’]ﬂ’]‘JﬁQLﬂi'] Muae TuU1999U095 s UUTANEAT81938 TN

ATINULNABNAANULALAT 1TR11VN anamzUgnduas Lastinn13seuinvedlsnulia

=

2.3 N15UsEHUAMMUTIZUNNVIIHANEANINITINGAT NMTYLEININAEVIIAY Uazn1Tdade
519919 TNY

amwmmﬁﬁﬁmmquLLiqeiamaﬂizmuimamwiamamﬁmmqmﬁmwm nansenulunisaudl
Emmmﬁlwuiuﬁuﬁﬂ%ﬁzﬁugﬁmﬂ TudsemedSaAa anmeinieiuadwasiinaauanusou Tu
A.f. 2003 wazdeiiiosauied 2007 Wilinandndilnnansainaadeun van der Velde et al.
(2012) lavinnnsusziliunanandnilnawazdining laglaluina EPIC Saufu Aweafiey Tunns

UsgiiuAinuguaulufiu nan1sfinwinudl NeUsuumuTuiunandnve sievisas s iad

U v § W ! -dy a A gj a 14 1 a a
ANNANAWSAY Lag lulea EPIC 5189UA1ANNTularHananuesisnsaessdnlaognsd Tulssinalu



Li et al. (2015) loUsziiuanuusizus wasdnenmlunsusuireninuwiudsvestilnanugn
Tugavund Iagly crop model DSSAT Han13An®IAIANITAIIN ANLUTAHEINTULSRZIAAlUY 2030

st ulunNsUSUMR IS UA L duUNS

Tuman1susudunnudsswesanuwiudedmsuinlunasdiusyfu 231n1A (regional
scale) luwnafindosaseunqulssiiumeant 1. Saruiaveudniunissassfiviunndsuuieuly
anmenmaianatu 2. aunsafivgsinemanananuaznisuei (water stress) 3. Fosnsdeyailsl
1n ey 4. snATeiianludeitud Tuea 5 Tluma lasunisiinnsanuaggniuTeuiigulaun DSSAT,
CropWat, WOFOST, CropSyst and EPIC Tnedi DSSAT dn1ssuyalutnaiydmsunivunazyiin
(IBSNAT: International Benchmark Sites Network for Agrotechnology Transfer 1989) CropWat
Dudivaiesilovianisvesyadiufndenisdndusnuuuulinouvosssuuuas swanidoglins
WOFOST a5uneiieniuaisingwesiivldd uidosdousivaziBonvostoyauin (Monteith 1996)
CropSyst lilmngaulunissassdrunszidmuusvesdinlilésunisaeudieuiid (Confalonier

and Bocchi 2005)

Wovnn1siTsutnevlutaangfnaniaun EPIC lutaa (Erosion-Productivity Impact

Calculator model) G9fin1s WU lug19AnI5599A 1980s TUNSUTLIUNANTENUVBINITHINANEAD

[

andn (Williams et al. 1984) laidoniduasesdionugiulunsfinensail ilesarnmanasiieg fsil
1. EPIC T#35n15UUASUNATIUNISIa09rdafivunnin 100 ¥8a (Williams 1995) 2. Tuwmaiinng

WeU198199 L1097 9s 1985 RCA kaztastu EPIC 0509 d9anunsaniluanns annuidles veq

[

Texas A&M Agri-life Research (2012) uaz 3. nstassiulavesiiviluesiusenauiidfiguindian

Y99 EPIC nsvintkaznands FegnldlunisaiiaudulAminulsnzueainainuiianasaznis

)=

AUIMTUNTIEAINANUWIILAY (drought hazard) TaWANIINANTVIALARUNT @11150719E T804

1
[y |

yndeulvvesivannialunaiialagldmuysilidiiuvesusasiiv 4. EPIC UfTRnsetnaseLiles
fugrulaglfeunsunaiseuuazanunsadiiunisdiaedluszozerniudosd (Sharpley and
Williams 1990) waw 5. sz imadwsiinlunissrans lunaiasgnussendosnaninsndueuing
LLamm?J'u*’] Tuanmaauindendini1awane (Tan and Shibasak 2003) lun1suszdliunisaadenis
faangvesiuainay nsluarivunfuenluiu nansznuvesnandnfivainnisiUasuuasann
g1nakazn1sanate Tudagdu EPIC lignld Tumsussiiunansenuaindeiiuf (disaster) oy

ANSVINLARULN
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EPIC TUsinIutAngaunaIn The erosion-productivity impact calculator (EPIC) model &4
Wouunlag Williams et al. (1984) LitoUsglilUNANTENUVBIN TNIVAIEYDIAUADAILQANANYTAIVEY
Au Anudndussdudnsulunaintuniande desdunisinuniseysndhukazsiivesuseinea

ansgeLusni Tu U a.A. 1977 (Soil and Water Resources Conservation Act :RCA) W3z3190eya)#
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[ Ao ! Iaaa R R [ a =} ¢ a v
nanewdundaauilidBnsiulagduilieduyuvesnisimatevesiiunsenalseleviannside

NIIINANYVDIRAULAZNITAIUAL

NILNTINNYATVDIENTFOLUINN (The United States Department of Agriculture : USDA)

% [

= Y v a a wa dll QII a a Q‘I v v v o
lainsiauszyudalfiinisivenasilaeduneineitunmsiauianudilavesanuduius

(%
Y] o

TENINHANAANINSINYATIALNTELEEAU AluAniulineITesiareldensianangvesiiu
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warANgANANYINYBIALTInUUEAY Angyiunsudedamn wagaiunsailaduesAnuiy

d‘ v aa a o 4{ el ! ! d‘ IS o d‘ 14
bNYIVB LL@%i%uﬁﬁﬂﬂi?ﬂﬂiﬂﬂ?ium‘ﬂﬂﬁy]ﬂq WU\‘]IU@'J’]@JG]@Qﬂ’]iLﬁ\‘i@’JuVl?jﬂLLa%llﬁ’J’]llﬁ'W iyfVli%‘UbL’J
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TUIMN9YD9IN1TITYADNITHAILILUUIIADINNAMAFIARSFINTUNITINEDINITHINGANY WANAR LAY
ATTUIUNITNLNLITDY AIHUTLIIUNITUSNITNITITYLIAIYIANIINITNYAT ALSUNAUILUUIIABINT

WananenasNandn tuviel a.a. 1981

Ly A [ & o ~
Wmangvesn1siaulieans (1) 1 JunugIunianIen nkasaIusadnaednsesuIunis

WeTpansaunukaznsiavadenauasansaultau (2) danuaiuisalunisanasaiaianysae

'
v a =

Y13 dutnsizn1swananeo122dunszUIUNITNAB LTI (3) Taruatusalalanuaud

IS a

wa1nvate anmileonniaAwaziy Inuluanisewsniuas (4) Tuszdnsamazaindonisldaunag

ANNasatun1sUsTuNaNsENUveInIsiUdguL Uain1sdanisiunisianaefuiagainugay

(%
Il (3

auysalvesiu nadnsvesluwaiisendt EPIC Jeguuiuguesdusenauninen g msuiass

N139Na18 NI15LATYLAUTAVDINY LAZNTZUIUNITANGNLABITDY TIUNIDIAUTZNOUNINNIY

wseghadmsunsusslugasnisimanaioiugnsaansimunanisdanisimusan

masuekuUauY n1sUssenduaznsiauIuislagiumossdusenaunddny 9 dwufe

me

dn511 (hydrology) @n w1 (weather) NM5Wenany (erosion) 5198113 (nutrients) R AU

(soil temperature) N15433eysiulavadiy (plant growth) n1sla (tillage) Uadedswndeunmiuaudiy
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(plant environment control) kaglAs¥gNa (economics) (Williams 1990) a1An15ANYIVB
Williams et al. (2006) sgyfan1simulaigg EPIC LRULANTIATOUARNNITIATIEN 4N1NBIN1A

(Weather) n1sluaunuiafiu (surface runoff) n1sknandu (return flow) n1sknadu (percolation)

(%
[ }2 [

N13AN85EMY (evapotranspiration: ET) n13taasdtuanen1udne (lateral subsurface flow) n13
A¥aN8v8I%Ng (snow melt) N139¥2A19981N (Water Erosion) n13Wenaleaieau (Wind erosion)
nsgaydeansenms tulasiau-neanesavesivin (N & P loss in runoff) nsvzavatevasiulasiay

(nitrogen leaching) n1stAdaudadunsd lulasiau Weanesa 91nn15v7uau (Organic N & P

£ ~ csl

transport by sediment) n1sa3slulasiau (N fixation) nsldenniidadnsisuaznisindasudiy

Y

(Pesticide fate and transport) 9aun Ay (Soil temperature) 115133 YLAULAVBINYUALHANE S
11N 80 vlim (Crop growth and yield for over 80 crops) mimguﬁ&mﬁ% (Crop rotations) N3

la (Tillage) M3muAuEILIndaudaNY N135Uen vausen1u n1stade ssuunisiidn

luwnalddnisinlulduazasivaeunnugniesedianitwauasisendelmiu The

Environmental Policy Integrated Climate (EPIC)

Priya et al. (1998) uag Priya and Shibasaki (2001) lauszgnduuudnaes EPIC lulssine

1%
a a %

duLhy na331 sruvatuayunisandulanuuausy aulimanisdtasnisugnitelagunfzuiu

& A ° ! & A a A o Y a
NWUNERNIELINE AN IUﬂqiﬂ’]ﬁUWUIEJU']U LAAMULUTUTIUYBINUNNTNARNVUNALHBDIUN1TUTLLUU
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EPIC slausiguuuunisdnassnisimzdgniameiiundesdddeyaniuazidunvesqailivsedeyandl
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AIMUATLBYM L‘LJuﬁWlf\]’lLUuVl%‘lj’e)wU’e);J“ammama&mwmaﬁLLmazm‘jNL‘?jaaLWEJﬁ’]ﬂJ’]iﬂUEJﬂWﬂWWN

v Aa v

pileansle wuudnaesnisugnity dnidulalaueTBnsdmiureasidenegrmenu WusEAuUTEmA

(Uszanal 50 Alawns nsa-lwad) waziduwe (Uszana 10 Alans n3a-lwad) a1nn1sane luduLAe

o w =

PUI 919 2 SEAUANNALLDIATUINNTA-LYA] IANANARTNLANF19TUeg 1N NTed1ALTaIINAMUNY

o

w3890 INDINTA AANTRANITINUIV0IAY kagn15UTEEANIITANITHY nansAnwUsyau
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LUUS1a09 EPIC Hagneuauasiudeyatiuin 3 4a Ao Joyaeinia deyaiu uazdeyans
Fan1sity FedinareuTunamandn Tun1sAnuives Roloff el al. (1998) l9fiansandstadoveshudil
Hasian15Uand1Ilne wasdundes TngldRansands Bulk density, Field capacity, Sand content,
Silt content uag 98U (soil temperature) Fududruddylunisiasyiivlavessinii
wazAuannavedlulasiaw wazasvaulufu saudsdadesunisdanisiiv Ae dnsinisldde

o w 1 [

Taganiglulasiau Adudadedrdmiduiu Ramanarayanan et al. (1997) @nwinisiaaeudne
lulpsiau (Nitrogen transport) aasszvviiluaugangafesiunainveslulasiaulazwainuesily
a = ) a & Ao ¢ o [y [} i a [y %)’ %’
Au Fadwesesenivusslevddmsunisdanisaiunisinensifedfivaunavesinas AN 1Nyl
McLaughlin (2006) wud1 EPIC fiuszangnmgslunisuseiiiu water and nitrogen budgetslugaq
= o U 1 gj A 1 d‘d .Y U
asrazeny (aned) dmsuludisianssevdu 9 (o) wavyrnlansinisiagdan ALgnaes
-d! é’ [ U U L% dy a ¥
ranat Feuegiuanuiulusvesiginsiulasaunasanudulusiume
2.4 M3Usziiuaugau lununguin
Uunahluiiunguindududsddgifinasonisudavmenisinuastuiui Jeaunselddu
[ ’o’ 1 = a a aa a a g = aa 901 1 [
wIglun1sInnIsUIeglusEansnIn 3nsussiudsinanininainuaeds (aunaui) agslsh
A3 Arnold et al,, (1998) lawaluniaIasiie Soil and Water Assessment Tool (SWAT) @alailu?
NMIN13T1ABIENNINGT NIoApTiugIuvetayanIswunIen1n Tun1sAIMLUUReL e WU LI
d‘l -] [ Q‘IQ 1 a 96’ I a ¢ dslj Q‘I 1 on d‘
WBYMUIEHANTENUTDINTITIANITNAUABUSIIUUINY Aznow wasUSuiaasadluiunguuiy
WaguwUasludana lngesrusenauveauuudnaed SWAT azUsenausie Tayagnningl giloniea

Agnou g iU N15RSAUlAYEINY N133ANISEReIMTIY a1sielvesiularindndnginy was

N15IANISAIUNISHNERT (Neitsch et al., 2004)

LUU1aed SWAT gnesnuuulianunsaldanusiudulusunsy ArcGlS tngviausiulusunsy
ArcSWAT el Suszuudnseugldaumiuszuugiansauma tngTusunsu ArcSWAT idulusunsy
\@54 (Extension) va9lUswnsy ArcGIS SWAT W@umsﬁﬂm Blackland Research Center, TAES uag
United States Department of Agriculture-Agriculture Research Service (USDA-ARS) L Ju
wuuaesiifinaianndeidesandoud O we. 2533 aunseiandunedudign e SWAT2012 waz
ArcSWAT aildnwauzifu Public Domain Model nanafte anunsaululdauldlnglifesdato uie
Foravavsusiogndla fléannsonnillvanlsunsy uazdiionislilusunulins Gndion dudans

LA DIOUIA I990431%, 2557)
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NANN13IATITRVRIMUUT 1809 SWAT wuseenidu 2 du laun druiiufu (Land phase)

1 = = o 3 . a 1 & a <) =
wazdiun1siAdouluaun (Routing phase) nen1siasgludiuiuauazidunisfnwiaasgnn
e eUsziiusuiayin Uunasznou Ysunalulasiau Ysuiaeanesa wazaisiadann
mainwnsiiaglvaasdarivanvesusasquinges dwiunsinssinisindeuiiluaiui azdunis

AIINSLATOUNTDIN AENBY KALTINDIMNTAN 9 LUMNE1N AABATIlATIYIETE UUAUIYRIRY
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o

U

AbANANS Y SN S I G

Evaporation and
Transpiration
$ L 3 :
H TR I I ¢
& ¥ P
’ & B S

i
,' Precipitation

Inttratorvplant uptake

Root Zone f b
- Soil mosture redistnbction

Vadose (unsaturated)
Zone

Rovap rom chaliovw aguiler Percolelon 10 Shallow aguiter Retum Flow

Shallow (unconfined)
Aquifer

Confining Layer

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

gﬂﬁ 2- 4 13959VNINYVBUUUTEBS SWAT (Neitsch et al., 2005)

YN 2-4 YSnanhagluguiaganunsaysaidulaanaunisaunaii dsaunisauans

SWe =SW + X1, (R - Qi — ET, — R, — QRy)

We SW; fleusunailufuanving (uu) SW Ae Usunanlufusuduluiug i (uw), ¢ fie van
(TW), R Ap USuaunelu (uy), © Ae USunautlvauivuiifu (Wy), £T Ap USunn1sagseiesn
(1), P Ae Usunauhnduanaslulanu () way OR e USunautinlvaaausiin ()

(%
v A o

uislagduiliuuinans SWAT dumslasuniseensuegnanineing waziinisussendldogng
WanMaIeY LuN13AN®I Bouraoui et al. (2005) ua Xiaobo et al. (2008) lnlduuuiiass SWAT

ufuszuuasaumanagienans (GIS) lunisuseiliuransenunisiduselevinauwazn1sinnis

14



(% '
Il =

soUsuuvinlaragnouvegul T INUT Sunsladnassantunisainislduseleviniuiaznis
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FAN1sNAU LeuIgnan 1sUsEiliudIvinLaznenauy N13ANYIY8Y Tripathi et al. (2003) 19
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ANUANLSIVBIMUININTIANTTFUUT LTudy
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AANT BuTTlad (2549) 1(5&“1’@1/?1%EN’luﬂ’13LﬂﬁwuﬂammwgﬁmmmmﬂizLwﬁiwaiu
au1AR: HAATUIINATTINABIANIUNTT] DUIARLABLUUTIABINNANAAIaAT Conformal Cubic
Atmospheric Model (CCAM) l¢inaagudn immisuazuunliiwesnisivasuutasanimgiionniely
Usznelng ainn1sdnassaniumsalluszezemangliteulsiivinafmaniveulasenlad dady
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% I3 a X 1w i A o= da P = 1% v X
FoufagiiuTunniguiy Fennagnanludndenilenfe ulisewealnglagindouaizlisoudy
o oy & A g & ) Ql' v &
1NN wirrTeuuwunInANIN Matlinszgarunlulssmelngazduadlurusnggouazeiiiy

nLALRELTIUlATR

anady Amu wazaue (2547) Anwinansenuarnnisiisunuasgionielansenisudn
417Ine doswardudg1Uznad lunenzTueandeanilevasusemalng: NuNnfne) 399 InUa ULy

TunpUNISANY Ae n1sddeyagilonniaseTuitliainiuudiasgiiennia (CCAM) 3 naaidu

U Y

(% '
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) 1 [ Q" = ¥ Y @ % 1 a [
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1) dhdoyaldaiuiveayanu unfvuaaui (D) vedyanu
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2) ddoyaideiunvesyniunivuaauiual waimidlsdesvesteya ngld
\A3033l8 Analysis tool A1d3 Overlay\Spatial Join Avualinitegesvesdoyansussnedu
Target Feature wazdoyaidsiuinvesyanu {u Join Feature viliildnadwsidudoyaanuiivosyn

fulunmilvgesuwmazniie

3) ihdeyanuanifiniaaivarmenmuesiusaryn luudazduaudin wu Ay
NULUUTIRRY (Bulk density) Aaudunsa-aa (pH) Usuiamsie (Sand content) USunamsie
wia (Silt content) USunauiumniled (Clay content) mwmﬂummamLﬂﬁﬂulaaaumﬂsuaaau (Cation
Exchange Capacity) tJusu snnsenaslugnudoya Microsoft Access Tusns1s Soils Layers (15147

3-2) JUATUTIINRUA

A15147 3- 2 Soil Layers

1D ~ Layer Numbe ~ | Layer Depth -  Bulk Density - Wilting Poir - Field Capacity ~ |Sand Content ~ | Silt Content - Organic N Conct ~ pH + ' Sum 0|
1 1 A1 13 0 0 20.5 32.5 0 6.2
1 2 .18 1.3 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 5.3
2 1 21 13 0 0 3 30 2 5
2 2 47 1.3 0 0 4.5 26 1 4.7
2 3 9 13 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 13 0 0 1.5 31 .06 4.4
2 7 25 1.3 0 0 1.5 35 .09 3.7
2 8 3.2 13 0 0 15 335 31 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 1.3 0 0 33 29 0 5
3 4 .85 13 0 0 345 25.5 (1} 5.1
3 5 1 1.3 0 0 aa 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 35.8 0 5.2
4 - 1.2 0 0 0 11 28.2 0 4.8
4 5 15 0 0 0 1.5 27.6 0 4.6
4 6 18 0 0 0 1.2 26.1 0 4.7
5 1 .06 8 0 0 86 115 0 5.1
5 2 15 1.3 0 0 86 11 0 5.2
5 3 .3 13 0 0 82 15.5 0 5.2
o 4 4 12 o L 28 14 el ol
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4) drtayaniluvesynfunnazyn 1 YYaiu AnauTRnNI@NNINgIve9AY

(Hydrologic group) AN3azVieuVDI5Id (Albedo) \Uusiu unsenaslugiudeya Microsoft Access

Tun1519 Soils AUATUNNYAAY (115199 3-3)

M13197 3- 3 ToyailuresynAuLiAzYn

ID I Name | Soils 51D ] Map Unit Symbol IHydrologic Groupl Number of l.ayersl
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 4
108 Chong Khae Ck Ck 67 4

o Jayasnngiaina
Joyaanmalionniauiadu 2 naude deyaanmeinafidaiulnensuanienine
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1Y

lauA A1 Latitude, Longitude aMENUTURDUAIN 9 A4il

1) Whdeyad11dmneniimansunainsleyagn (Point) tneddeyaladedu 9 ussq

=%

agludayaidaesuny (Attribute) Feazgnihunlddmsunisasistoyadisiiuii (Interpolation) &y

1 1 o w

mMaviuneAlifuwadlu Raster :nqadoyaiifiegodnsdiia (@mvs svasna 2552) lngldiedesile
3D Analysis #1&3 Raster Interpolation\ Kriging Jdladudeyaanmglionmevemiegosvostoya
fauszna 9ntuthge (Point) veavihegesiaUssna indautuifudeyaifeiuinvesdeyaanin
niimnAdaderng 9 ioarae tneld r3esile Spatial Analysis Tool F1d3 Extraction\Extract

Value to point
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2) henanavesdeyaaningiiennialadesiig q s1eineuvesudasniivgasun

v =% Y

Juiinaslugiudoya Microsoft Access Tun1319 Weather by month (1131991 3-4) wagdudindeya

Y

[

P UTINUNILEDELARTNUIY DU wﬁwﬂ'f}ﬂﬂmgﬁmam% AIANNENRINTEAULNELA vJudu Tu

$1519 Weather (miwﬁ 3-5)

A15147 3- 4 Weather by month

1D | Month | 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

A519% 3- 5 ﬂﬁ'@LLazizﬁummqaa’mﬁmzLammamﬁmaﬁﬁ'@mmﬁ

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

® Jayan1un1sinng
nsufURgualuusdaziiiengugnuesiiy inasonisiasaiiule seusuiauazaunw
vowananity friulunsussiunandnity azdesimilfedadosunisdanisie luwuusiaes EPIC
MNUALAIT18aLLBATDIAINTIUFN 9 ﬁLﬁm%ﬂumﬁJﬁﬂa@uaﬁ% ImaLLﬂQ%’ayjadauﬁjaaﬂLﬂu 2

»13749 Ao Operation Kag Field Operation @3iis1uazL98n Al
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1) #1313 Operation tJudiudmiussyseaziden voin1sufiRguanie o 1iu Te
sUlUU (Name) Anadune (Description) siaduneunisgua (Code: 1, Harvest and kill crop 5, Plant

in rows 8, Irrigate 9, Fertilizer,) Arlddesaiud (Cost) tJudu (G\’]i’lﬂﬁl 3-6)

A19199 3- 6 N13ALIUNTT (Operation)

ID | Name | Description | Code | Cost | Power Category | Purchase Price |
651 HARV Harvest 2 0 5 0.00
652 TILL Tillage 0 0 2 £0.00
653 PLANT Plant 5 0 2 £0.00
654 FER Fertilizer 9 0 2 £0.00
655 PEST Pesticide 7 0 2 80.00

(%
o v 1

2) 11313 Field Operation 1Judiudmsuszyaidutunautazyiniailunisujon
Aua 3399137149 Field Operation ziwaslesiutoyalumsne Operation Tumeduyl Type (Aagul 1D Tu

#1574 Operation) wenaNUUAEABLTEY Crop ID Tunndumew mniinisugnityvangyin Nligaeaan

AU AasaszymuTaIassniinstewiuresusas vl (n131991 3-7)

A1519% 3- 7 Field Operation

ID I Year JMonthl Day l'l'ype] Tractor ID Crop ID J Parameter1 | Parameter2 | Parameter3

1 1 2 1 652 0 77 o 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 0 0
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Boufenuda suneuselufons Validate uuudians ilemsaauaugnios 35ms Validate 13u
mnmsTvsdoyananindninavsaosszon lufuiidnm Teldsusadeyadounds 109 fe
Faud T w6l 2549-2558 INFUNULATEININITNYAT N3LNIIWNYATUATANNT O LLaz%’ayja
U3mnanh annsuratsennu deldlunisiuieudieusu output fiwuusaesmanisalls fafu T
w.A. 2558 Fagnimuatidudgiu (base year) Tumsfnwadsil 39938 UsvanammuRanainddl

[

Gl RIVPRVEINY

1. Uszdnsnwaesluna (Model Efficiency)

S 6507 - S 01 7]

EF = n g =2
doie1 (X —X)

2. Root Mean Square Error

i 0.5
RMSE = [ > i —x,-)Z] xg
i=1

unreenIangndnilnaudazUsean (Sample number)

,_
Eon
@
-
~
I

ARReveslayaiiy q Mlandeyaadia (Mean of the observed values)

pA
o/

Yupauil 4 Wenan1sussanamaNuRanaInveuuTaeseglunagiiuiug) vsenn

wasuluszaungeusuld Jediliunisarivaeudeyaruniieviwilainiudiasudiunazgnies
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31NTU RUN wuudaes kagdn Output Nlauniiasigideya Felutuiaznsivaniunisalutagdy

Y

YINUNANE T ULAAZ U880 LNEINUNANARYIINANADIUTLLAN NISVLANNINANLVDIAUY NS

=

aadesne s (lwlnsiau waseaesa) waraunain

1) i S o v w A = v B &
VUABUN 5 T\]Wﬂuu‘LﬂLGU'VUEJJ{IJﬁﬂﬂ?W@WﬂWﬂiM@U?ﬂWU@QLLW@S‘U Iuaﬂ 30 U 919%11 270 V:]‘IJ’EJ

A 1 a fa o =2 a ! a a (% a 1
Lﬂ'iEJ“U’]‘ENWU'JLﬂﬁﬂz‘W’J’i]EJLL@SEJHEJ‘U'ilIﬂ’]ﬁL‘UaEJ‘L!LL‘U@\?GUENIaﬂLL‘MQQ&IQ’W‘]LEJL“UEJG]%'JUEJEJﬂLQ'ENIG]

(Southeast Asia START Regional Center — SEA START RC) meldigniunisal A2 way B2 Scenarios

=

1At RUN wuushaes wazth Output ﬁlﬁmﬁmiwﬁ%aﬂa Feluthilaznsuaniunisaive wusiazd
Tu8n 30 ¥ Framth de Tugaed .. 2559-2589 \ienfunanand alnastedesUssian nsezdns
Wananevesdiu Myagidesne s (Wlnsiau wasreanesa) LLazau@afw Minmswasunladluly
Snvarlatne waviieWmsudomnnyhnmsinuesidaiies (W miﬂqm’h’ﬂwmgmﬁmi) ARTU WU

Business as usual folllosluiies q nansznudedsiinaey azilusdrsls uenaini Feaunse

= ~ o A a & v a a | oA = a
LUiU‘ULV]'EJ‘UﬂUNawf\]gLﬂ@mUQqﬁimLQQUIGUﬂqiLﬂaSULLUaQaﬂWWQN@qﬂWﬂ@EJWQW@LU@QIu@ﬂ 30U

(%
Y 1=,

N LD ALANNTAUITEA AUl nuNs ARNAL A MEUINNIINAR LazA5ALARITNITIANIT
RANE
YoNINUNANSANYTUTUNDUN 4 kA 5 @1U150UINANITAN®IANNLUUIIADIULARI LT

& vy s 1Y) a s A 9v o
Wunld Inensussynasuiulusunsussuuansaunan1aiamans ieliiun1snszangfiives

9 av oy a v ! & a a & 4 Y A
Toyaiild azazanlunsimsizidoyasely uaziiiuazidunludeiuiinnntu faguil 3-3

Crop data

Weather
data

Interpolation & Extract
Values to Points techniques Temperature

JUN 3- 3 NIEUIUNTVBUUUTIABY EPIC Uag Szuuasaunaneniimans (GIS)
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dmfudimnafvseunssanluusssnidlusmandudeyaiddalunisainnisalinng
LU?{auLLUaaamwgﬁmmﬂiuamﬁm i ﬂmzmﬁmmﬁzwm%’gmaﬂﬂé’wﬂﬂiLﬂéauLLﬂaaam‘w
2iloMa (Intergovernmental Panel on Climate Change: IPCC) lausziiiunisuaeeusunniny
1SOUNTTANLUBUIAG Lﬁai%lﬁu%gaiumiﬁwi’hLLUUﬁi’ﬁaanﬁmmﬂIaﬂ (GCMs) ImsusziiiuyFunu
nsUaeefinuIaunszanluauiam MusUluuNsHaLLATEERY dan Msiulaveslsswns uas

[

walulad lnedmuannuduldldvesnisimundu 4 sUsuu (PCC SRES) fadl fie

o [y

1y v [ a a [ [
A: Wunlaglianudidgiunisivlanisasugiacdumndn
B: WAL LA8A T9D9EIINA DY
1: N lnedanusiudoseninelsena
2: inunlaedausiuileseninaginig
A o PN = . Yo 1 &
waklauIfaNsanlneazdenvad scenarios e bull
AL swaamaiulanaesugnags Ussmnslangantufisrnissvuazanatdntoendain

a a IS v

& o Aaa A av o € Y ~ '
1y dwelulagnilusednsamas dnsiauiyeains SUFuiussenieTausssy waslianuuaneig
2045787 (GDP) senineniininanas

A2: pwnvadlandanuvainvate Mendesnnulugiinin eusnweondnualvedviosdu
Uszrnsiiutulagnaen MstauAsygiaduediugiinia maiulamaasegia uaznisiuieu
wAlulagdniuuuduuaznszaremuviosduwazinig

B1: 0WIARYRIUTEYINTIANANE ANl UAANITTUIUGLINY AL LAZANAINGIIINUY Ui
Tassasasegia wWasuegnmmsiludumeuinsuazasauna annsiding fnsldmalulad
a2010 wun1sundynasgia deu wazdunndeundsdulussauuiuwa dennuaneninuslill

o < v a [~

nsdssusugiioniadunseqela

B2: wiuinsuAUgynvieadu MuAsegna d9au wazdawindoundsdu Ussuinsiiusaiileq
witleunin A2 Luinsdesiudaindouseauriesniu ginia Yssunslaniiivegadeiies wely
1y A o ' ~ ) a a a o |
8n3 199N A2 Imsimuasegiaviunan nsildguilamanalulagvainvatgwazdiainii
B1 uaz Al lngiinnsunUesdawinden uaziauamnuaanavesdeny lnatunvesiuuaziinia

A1F1: WunswauRlgndsuneada wu Ui auiusg1ann

ALT: siulpglaldndanuneadadundnualdmalulagoue

39



A1B: awIARN1SRULAVNGATYENgY Ussynslanasanlunsrmsswuazanatdntosndain
W Imsiauleeianuaunavotrandsnuild ddunislindnuneadansondsnunyuis

WA AT NS AL AT LI NNA I UNIA DAL U

[
= I~

lumsfnwidufenaningiionnialusuianuuy A2 39 WJunsuasefeiseunszaniuaniig

Juusawaz B2 Wunsuaesfitmssunssanluannsiiunany

& 5 a ¢ v o ¢ ! 1% caa ! ) %
VUNDUN 6 ﬂ’]i?Lﬁiwwm’mﬁuWUSW‘W’J’Nﬂ’]ﬂ“lﬁﬂiﬂﬂ"lﬁu%@mmazﬂizLm/l AUNIIVELAN

Wae0eFU NMTANEYEI9IMNT Uazaunai

yhnnsiesinanuduiusseninadnusiuudiazda (msldusslevifiaulunisugn
Flnadssdnd/Aninawdaiug wosnunssaunay) fufudsmy (Masedeimatevesiu ms
gy Aes901Ms LLazam;aﬁﬂ)Imﬂisé'fﬂ’]ﬁmiwﬁamaawmm (Multiple Regression Analysis) g
TUsunsu SPSS for windows tead1eaunisnisiunysvesuUsmuiiinaindvdnavesiuussu

= Y o (% L v A a 4%’
Weltdaunsunanisaluuiliuionaiadulusuias

3.3 N15USSEUNANSENUVDIDINIAIINNTTHILARYINTI LNALAL ISR

3.3.1 n1sUsziliuntsuandasefigisaunszan (Greenhouse gases (GHG) emissions
estimation)

USuaun1suanuUansuad GHG vda “x” 91nNISRLEAYINT1INAN9d9Usenn Tun1sane

(%
ISy [

fgdmnuan Uiinameuawsnndnlnasaosssiniignian vie Sendh “activity data” uag
nstanUaes w3e 1301 “Emission factor” (Crutzen et al., 1979) fauansluannisfi (1) Tunis
Usglilu activity data 9gW21504109 ‘ﬁuﬁﬁgmm (burned area) AURUILUUYDINIATININUD
#17Twa (biomass density) way Uszansamaesniswivgl (burning efficiency) fauansluaunisd
(2)
E.=AxEF. (1)
A =BA x BD x BE )

il x fie GHG %iia x, E, fie USinainsUanudesvas GHG usiazaiin (g), A fie activity data

(kg), EF, Ai® A1 emission factor U89 GHG %iiA x, BA A® burned area (km?), BD A® biomass per

surface unit (kg m?) wag BE Ao burning efficiency (dimensionless)

40



MUALNTST (1) way (2) A1 EF 84 GHG Lwiazsuﬁ@%é”mﬁwm%’ayjamummiimmiu f14
wanslumsei 3-8 Tunsinwailasldie BD wirfu 0.40 ke m2 (43 0.30-0.50) (IPCC, 1996) dmsy

A1 BA hag BE 9l991nn15vinhuud@aunndinensng lununan

A1519% 3- 8 A1 emission factor VB4 GHG wAazwLA ANNNITHELAYIINTINA

EF (open
Name of pollutant Unit Source
burning)

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

¢ kg'dm 4.50 Jenkins et al (1996)
compounds
(NMVOCs)
SO, ¢ kg'dm 0.20 Jenkins et al (1996)
Fine particulate
matter ¢ kg''dm 6.00 Jenkins et al (1996)
(PM 2.5)
PM 10 ¢ kg''dm 6.20 Jenkins et al (1996)

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

dm = Dry material
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3.3.2 ANSANUIN activity data

) Wuningn (Burned area, BA)

-

[ (%

=1 IQII a dy QII I3 d‘ 2 1 ) 1 =1 'dl (v
HungniinazUszliuaniuniunetlnaudazUseian uay dnadiuvesiuniigniun fe
a
AUNI5N (3)
BA = HA x %BA (3)
119 HA A9 fuitAuiigIvlnansasUseiny (km2) Las %BA A9 dneuvesitunngniu sie

= | d‘ < v ¢

& A > L da A Y & o« > & S
HumAuned lngdayaiuinuifeitiluadesdmiwazdiinaudaiug luliunidne) az5ius
ToyaandinuNERISNNBLLILIN Wy Tayadndiurasiunigniniazlaainnisvihiuuaauay
LNYATNS
2) Uszansnwvasnstwnlng (Burning efficiency, BE)
i A o % g o o« 1% 2 o ea o = &
A1 BE fio dndiuveamvmntilnadesdnivazdnlnadaiusngninivng lunsdnwil
o ! <) ! A
agvinswdseenilu 4 nau Ae
1) minimally burning (1-25%), 2) nearly half burned (26-50%), 3) more than a half burned (51-

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

3.3.3 N136132301A8UY (Ground observation) wagn13d133adayalaglduuugauaiy
(Questionnaire survey)

X A ] | ~ ° 44' v a & 4 I
IuwumﬂﬂwqLLW@SLLMQQ%Nﬂqﬁﬁqijf\]ﬂqﬁauqﬂ LWEJi’JUi%ZJSUEJ;‘JJaIquWUWLLazamWﬂmuL‘Uu

=

93¢ dmSunisdrsnaleglduuuasuaiu Mnnaudegrengud 1 Gidwang Ae WeTiusudeya

& o

FN¥AIEZNNTTINISINYATVDINEATAT NITIANITLAEEINTINALASIER LAz T NI NALLAANUS Snual

9

o

VBAULABYINUIILNANIADIUTELAN UazUSunaiunfinsinuayeInd1lnansassuseian lag
LUUAR Uz UIENaUMEUTTAUNEN Aesalull
dy A ¥ ng v & Y [ v ¢
1) vwanunugnilnaiesdnd/indnaudniug
2) Fnuasslunsugndmlnadedni/drinawdaiugred
a v ¢ ¥ dy v & Y < v
3) wilauguestnalnaaedni/Anaudniug
4) /n1sUan uasqua saeafensiiuienandndalnadesdny/dalnawdaiug
5) 3813 wazguuuu Tunisdanisewendilnadesdni/dinawiaiug ndminnisiu

LEINANAR

42



6) ANNATBINITHLABIINT1IINALEEIERT/A1TnamEniug wazanneinIsiimay

s

YINTINALALITH /A INALUEARUS

9
7) dnswnawendilnadesded/dninawdaiugniold (Usunaiiw 9iaa17w0)
8) minlildwawndralnadssdn/drinaaniug ihlUldusslevlognsls

[y

9) UYsunawilsvenavmndnlnadesdal/drlnamaaiugignnlng (1-25%, 26-50%,
51-75%, 76-100%)

10) Usunauyinlsveaiunnugndlwadesdad/dnalnamdaiugidniswalvl (1-25%, 26-
50%, 51-75%, 76-100%)

Y v ! & k% & v & Y [ [

11) 78ld Auvu Kanauwnuy deast Yaen1sugndnlnadesd@ny/dnlnawdniug (um/A)

12) Meldduusnniennnsgninalnadesdnd/dnlnaudaiug (Lin/a)

13) WlgungANUYILLNTD wATNITATUAYUINNAIATT vToMmiieuiling e Nrean1s 7
A LY ¥ dy v & Y < v 6
Neatun1sugninlnadesdny/dnlnaudniug

14) wlgu1gANuYIumae Laratuayuainniasy nIenulsuiingiIves 19e9n1s

= % g o ¢, v 2 o & o =
wenwiloannisugninilnaldesdnd/dlnaudaiug Wy nsiinynsnssuussnmady

15) mnlivagusduuuinisineasiagwdsuludgniewiindu ununisugndninaiies

v &, Y [ v ¢ a a A 1 A Y a vy o
doi/nlnawdanug ssduivseld msvesls uazerls fe Uaf Uaide uaveUasia

o v @ Y 1 oA = [ [ [ 1
msdsaalaglduuugeunny funguiieganguil 2 asiiussinundn Awialuil
1) unuiunvgndrilnadesdad/Analnawdeiug
2) Jgymnmswnavendalnadesdnd/Aalnawmdniug wuavnaily N335 1193

LAz UIAU

=

3) wleugdieinde atvayu wavduasunisiinisinensyiiaduuenivileannnisugn

[y

Fralnadesdn/drlnaaniug Adndunisuiudiauiadegiu

] a o

4) wlgurgiemie aduayu wazduasunisiinisinensyiaduuenimileainnisugn
1% & L - [ v ¢ o Aa
Trlnadesdni/Aninawdaiug Nazantunisiueuien
o v @ Y 1 oA = [ [y [y 1
nsdralaglduuvgeuny funquiietngui 3 sliussinunan Asialuil
1) YannasraInIsHATUAUNYAINT 1Wu MIMnERINT Bundndurinianisineasluneu
(uaanug Jo enghuuas Jo @a+) wazinwasnsdinandnuvels w3e n1suseiusian
a < £
NANER LUURY
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3.4 MsUssiutuuLazHanauuny (Cost and return) YadiNEAINS

mM3vszfiusunukaznanauwnuveununInsUgndalnadesdnd/dninaudaiug was

= ° = = v & 2 v a
LAY INSENNG U 53NQQ§ULLU‘Uﬂ73‘W’]ﬂ’]iLﬂ‘H@iﬂﬁﬁﬂiugﬂLLUU@us] LWEJELSULU‘UV]'NLa@ﬂIUﬂ’]i@@ausLﬂ

= v % ° Naal a o &
ﬂJaQLﬂw@iﬂiSLuamﬂm %Qm@%aﬁ]giﬁc\]’]ﬂﬂqiquL‘UUa@ULﬂ@miﬂi Imﬂm'ﬂﬁﬂqﬁﬂiglﬂiu @Q@@I‘Uu

lun1s@nwil azfmundt wamls (P) agdesdianunndigud (P > 0) Faasvilviinunsns

a1uns0vinsinenstuseudaluls AunuNIHENILITN 6 B3AUsENBY AIll Seed (S), Labor (L),

Irrigation (IR), Fertilizer (F), Herbicide (H) wag Pesticide (P) %ﬂﬁﬂﬂ‘l&%ﬂ‘lﬂﬂ@ (C(Q)) Azt TunsAuan

v a | . [y a o o a < 1 A o
INAUNUNISHARLULSIAY Option Asaun1si (3) dwmsunandn (Q) asilunelivesnunInsnauin

9 (P X Q) waznarlsvosnunsns (farmer’s profit: P) vosusias Option azfuinandunu

fanun (C Q) naufuseldveanunins (P X Q) faunsd (1)

Pi = (P, x Q) — C(Q &

Q; = Q;(S;, L;, IR, F;, H;, Py) 2)

CQ) =P xS)+ W, XLj)+ (Pgp XIR;) + (Pr X F;) +

(Py X H;) + (Pp X P;)

o= Crop type i (Option)
P = Profit

Q = Amount of grain yield
C (Q) = Costs of production
S = Number of seeds use

L = Amount of labor use

IR = Amount of irrigation use

(3)

F = Amount of fertilizer application
Pr = Price of rice grain

Ps = Price of seed

WL = Wage of labor

PIR = Price of irrigation

PF = Price of fertilizer
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H = Amount of herbicide Py = Price of herbicide

P = Amount of pesticide use Pp = Price of pesticide

ae19l5An1u Tun15AN YT ALSIVDINULDILAZAILTIIUNISTIBNA DA UVDUNYATNT Luilegn

o a -d! a 1 dd‘ QAI U 6 v 1 = v 1 1 3’, q’jj
W1NA15U Beazfnd1uslunsdininunsnsngnduniualnd vindin1sdneaus ety uenand
a Ao ° - e a v ~ | H

571ANU99N AN AN NUIUIA WAl UNSANYT LlTUSIAAUAILNEASTLNEANTNT AR T18VULA LUVULT

F9919zdAnuLanaNanuluLAaE s

3.5 mifnwlSeuiisunisugninalnadesdnd/dninawaniug fussuuineasmaden
Tunsfinvuieuiisususuunsldusgloninaulunisugndrilnadesdad/dnlnauén
Wugegradudu fuszuuinunsmadendu unssiuswildannsdisanieawu iedumssuy
1 d‘ A ] ¥ & v & Y [ v ] o a
M3iNYRTe8198U Nusniviloannnisugnilnaiesdnd/dnlnaudaiug 310y Mn1suseiiiy

a

METBFITU NAIAD 1) IIN15UTHIUNANEAYDINYNINGDN NTVEANAINAVRIAUY NTEaLHY
519019115 (ulasiau uasroanada) LLazau@aﬁw Tuan1unisaidagdu 2) innsusediunisg
UanUaaeieliaunsganamnnsEAbseINuaLnensnIaLaen uay 3) Ussaiun1snaninuadnuns
yaden marrdeiimatsresiu migadesnemns (ulpsiau uaswoaviea) uazaunai meld

anun1salanmgiendlueuiAnkuY A2 waz B2 Scenarios

3.6 AnTeuleungvasiguna
Tumsfinwil agimseiuleuievessuiasiesan 1INT18UVB LUNST 10FAS uag AVBinY
WaAna238U (2555) Aildudseandu 2 ngundn fie 1) ulevredifidmanelunilatymnisdiia
WERUNUYDUNEATNT Lakd Wleuneduiiovedsuinsiiensinynsazannsain1sinuns (5.0.4.)
wlgugnasunyinu wleugiindrsenil wazulevieeiiunauiniu uay 2) ulsveineitesiu
seldveunuasnsiugndnilnadssdni/dnlnawdaiug laun uleuiedssiuseld weuied
£ & - < v 5 a = [ a 1 a
Prlwadesdn I/ alnaudaiug uleuieRuwaeanuideniganiussiied wasulouigdauasy
g dy = L a e a a ca a !
N1TUNEINITT YIIU LUBIAINTIBITUVDY LYUTF LOAIAT LA dNTLAT WIANITAU (2555) WUl
wlgugvessguiamaiil InansenuseaueINIL wazANLaea1veLNYRsNslusEAUTaaiy Tu

6
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v = J d‘d v v £ v Y = a v dll IS 4
fasautauloviesingg Mlinadeduldedlutagduiie war InsuszliulagldinTosonaasygaans

aumann1sanuinlanazane (Willingness to Pay: WTP) Asssuiies visekuvawelsdiuinunsns

1% ' [
o

A v ¥ H ~ ) v X A W v 8 P Y E a A A A
NOYAUUILAZNANUN Lwaiwﬂut,ﬂa’]umsJQLLa WUNUIUUT FIUAIINADIUAAZNUNVNNUNITONUN

sgorfiiaidsuduiiuionsny wag Aupausuld (Willingness to Accept: WTA) vadinunsnsil

¥ ' (%
o

Ty 8 4 < & T = Y & A a & & A
@E\J}G\uu’]LLagﬂaqﬂ LWEJLG]@JELR]SLUﬂ’l‘JQLLa Wuwjﬂﬂmuuﬂ FIUANVINAULDINDIUNATITAASWUNNINUY KIDWUN

1% ' o
ot ) Y

1 [ ~ a [ v ¢ & < £%
@EA@W?TSLWEJLIJ@EJHLUUWUV]EJHiﬂH MU Iumwmmmwaimua

(% 1 4! LY 1 IS

Audiianifiuegaiinnugy Tu

g
Y
N3ANYT FelAviNITiasIEd WTP vasnunsnsfieguanginvasiunguiiuiuay Jeusenaulusig

Fuanawun (ny 7 Uruneawunivitle) duarin (1y 4 U1uduen) wagdnuainaias (vy 5 dusu

[ & Ao =i 1 H ° [ a ¢ ~ 1Y H
$1a) LUUWU‘V]W?LLWULﬂUWiﬂﬁW@Q‘U@’]HUW FMIUNITIATIEN WTA VEUNWAININBDYAUUILAS AN

(% o '
o =]

Wasiunguiwludy Jausenaulume duauduna (ny 6 Uuudunads) duaudwan 1y 4
Truuduantos) iWudunuinuyasnsiiegfuin wardmsusuatiuiu (ny 3 Uruwiaeunile uay

Uruntiaedld wagny 10 Uruau uwag neanie) wagdiuauduias My 5 Uruwiunes) udunu

\NYRINITRgnanai

Aty wleungyseaneng o wanll Jgninsgritaransenuvesusazuluiesainuninsly
winzgUwuunsiduseloninnu ednavevoruniadisuiiou saufsdnrintalauauusid

wlevigiiaussimdgmimansgnuannisviinisinuaslungs wazdiglunisiaununisionauly

Y
a =
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una 4

ANNLATEFNALAZAIAY kAT AUNULELIIBFUINNITVINITNYAT
4.1 ANNLATEINALATE AN

4.1.1 $12lnadesdn’

FuaLlAn Kae1NN15d1529 Seuaz 100 (??qasujuaﬂﬁuﬁ%aﬂizmu (n=8) I1uruauly
A1 ousEnIng 2-5 Au Andludosar 87.5 synine 6-8 Au Andudesay 12.5 Ussmnslusuai
angeglugie Weendt 10 U Anluiosas 17.14 9r901g3ening 11-20 Yandufosas 14.28 92901y
seing 21-30 U Anilufosaz 8.57 92901y5ewing 31-40 U Andudesay 14.28 939918581319 41-
50 ¥ Anufufenay 31.42 Tasengsewing 51-60 T Andufesar 8.57 uay a1y 60 JiuluAndudos
az 571 99nn1sa11adesmsinwmuesUsznnslusivanui Sevay 15.78 vesUsznsldlasy
N15ANYT So8aY 34.21 AUANSANYISEAUUSLONANYT S08aY 5.27 AUNISANYITLAUNSEUAN YN
AOUAU SpEay 21.05 aun1sAnwlusyiviseuAnwIneuUae Lagsesay 23.69 AUNISANEITLAU
Uy Ussmnsludiuadesay 40 Usynouendwnunsns Sevay 32.5 utiniSeu Seeay 12.5
Lilavsznauen@n Sevaz 2.5 10ugndne wazninauu3wm wassudnsivnis Sevas 10 91nn1s
dranuhdesay 20 vessuuUsErnslusiuaiinsenendeiiu

FUaiu1as #aNN1sdsIa Teray 27 Asegluiiunvauseniu uagBniosas 73 Aseguen

¥ '
=] )

Nunvausenu (n=11) Suuauluaiisousening 2-5 au Antdusesay 82 sening 6-8 AU Andy
$ovaz 18 Usznnslusuaiifongegluta tesndn10 U Andusosay 8.16 1a901858Wing 11-20
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YRTNANRATUUSENBURIEAMILETIRY AwdenAu medanst Aiudeiug sdsgn arle dn
fdnduity Anfuiies lnefitasemsudnfigaiaaidudmaniviiv Sovay 24 sosasunuminagn
Sovay 17 AnaFoufiu fevay 15 Anfuiemandn uazedowihiu Aefesay 13 adanish uagen
wausiviiiu fedesas 9 9nnsaeudunwainumsnstisiglivdnunannsugnaneiuedd inns
Thmaenniswizugn fmslide sreusasuazensmaluiinadigemniaiidunugs nondaild
MnMsUgnitmnuasuasnany Wi 15ag 3,360 nn Meduiiinumsnsldsuilediouiunisamuse 1

15 oyl 1902 30,564.37 U uazinisuenananadsld lsay 123,733.30
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= = a v o Y 13
A19199 4- 22 LU?EJ‘ULMHUGIUV!U‘U@Q‘UTJIW@L@EN?{WJ JYAUA

L an Anpsen | AdAnIs oo | vede | . Arfndn | Aunfuifen - .
. AN AU - y waeug |, ArdeUgn Ay o . HAWGR | 9101y v
fua ‘ fu/ls i (uw/ ‘ g v/ ‘ ‘ T NAHER , , ‘
(wn/15) , Q%) , ww/ls) | wm/ls) , , (o/ls) | wwls) | wwn/ls)
(um) 13) 13 W) | ww/ld
waidn 0 217 0 3.7 503 2001 1,172 323 398 876 3,583 2,494
LU 0 285 0 29 408 235 1,499 467 184 1,049 4,416 2,451
YW 0 0 0 32 285 361 1,211 197 937 934 3,786 2,793
Uneiiuely 0 41 0 32 487.05 200 2096.29 509 318.18 1313.22 | 5463.11 3182.1
NBILVN 1000 2,683 140 3.0 429 254 2,446 223 943 696.11 6,323 4,071
Trusiu 1000 369 0 5.6 4125 938 1,594 319 550 696.11 5,732 2,810
F1as 0 0 0 3.4 337.5 0 1,370.42 179.1 100 1,025 4,332.50 1,987.08
walan 0 700 0 9.0 3375 500 2261.67 319.58 937.5 2083.33 | 7633.33 3878.13
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< S Ay 5 & o e o
A19199 4- 23 LU?EJ‘ULMSUGIUV!U%@Q‘U']’JIW@LE@@W%Q JYNUA

R - o - Ay
At | Aueseu | A1denns L. | ewda | Ardns . Aan p R 5

. " R wanug .. Ay o e HaWAR | 1A | Auu
fua AR fuwls | i (v , g Uan , Yo _ , ‘ ,
, , (nn/l3) , w19 | owandn | (n/ls) | (ww/ls) | (uw/ls)

ww/ls) | (wm) [5) uw/ls | ww/ls) ww/ls) ,

ww/ls)
Y17 1,500 300 0 2.5 425 600 1,065 577.5 750 800 2,660 2,198.33
NDILLYN 0 300 0 4.0 800 0 875 400 500 1,000 3,175 1,071
71"]%?1‘\‘1 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

90




= = = v °
A19199 4- 24 LUi&JUmaumw@u%aamwmwammu JYNIUA

L an Anpsen | AdAnIs oo | vede | . Arfndn | Aunfuifen - .
. AN AU - y waeug |, ArdeUgn Ay o . Hakdn (N0/ | 59 fiunu
fua ‘ fu/ls i (uw/ ‘ g v/ ‘ ‘ T HAHER ‘ , ‘

(wn/15) , Q%) , ww/ls) | wm/ls) . , 19 ww/ls) (ww/ls)

(um) 13) 13 W) | ww/ld

waidn 0 674 1,090 75.7 5,470.56 3,354.17 9,863.89 2,389.63 1,625 8,351.85 59,713.60 | 22,547.30
YR 750 600 0 1 850 1,200 2,220 2,200 1,500 1,500 5,250 9,320
Uneiiuely 0 0 11,000 29.75 1,501.20 0 9,780 21,100 0 11,200 21,380 22,255
NOILUN 0 925 1,050 1125 1,250.50 250 5,532.50 5,990.83 2,666.67 5,116.67 27,005 17,840.83
Uiy 0 0 0 170 686.19 0 14,570 5,310 0 10,640 43,020 31,320
NANEE 0 3,000 540 16.3 3.5 600 5,740 2,520 1,666.67 4,882. 67 18,565.90 14,314.67
LAUNA 125 726.9 281.25 27.6 3779 875 1,119.71 291 1,146.50 670.78 9,371.80 3,366.70
Jrudung 0 1,445 180 9 1,347.30 0 694.1 884.2 2,000 1,060.10 12,145.60 5,084.30
wiluan 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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M157199 4- 25 W3guiiieu B/C ratio 553139 mlnaldesdnd dlnamdaiug wazinunsnaunau

aunu (U/l9) | waseuunu (/1) | mls ww/ls) | BIC ratio
ratnadeadng 2,958.29 5,158.62 2,200.33 1.74
Falnaimdnriug 226317 4,447.96 2,184.80 197
AT ANNAU 17,401.46 35,576.14 18,174.67 2.04

dowFsuifleusunuuasnaneuuny seniednilnadosdnd Srilwawdaiug uaginums
NelNEY Adenndesiuin magnitwnuasnasnaulinaneuumuiiang fe léilslsas 18,174.67
v sesasndutnilnaiedn l9as 2,200.33 v uazdilnawdanus l9ay 2,184.80 uw Fad
flslndiApatu waziileSeuiiieu B/C ratio aziiuin msugninuasHaNNaNY TiAwintu 2.04 Fad
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uni 5

nrsusslivdszansnannisiduselovinau

5.1 MiAeszvanuduiusuazladeniinadanisasaumsveulufulununvandinlnabesdnd

v < v ¢
wazdIINANAANLS

5.1.1 MsmuaaAuuLinvasmuaufiazaslufu (soil organic carbon density; SOCD)
ﬂ’]iLﬁUgf’JEJEjﬁﬂauiuﬁuﬁﬁﬂwﬂﬁjuﬁ?LL@J'LLR]'M FruawieAy 129 dregne nsliuselvnififudon
g fuiuiivgninninaidesdnd wasdninawdaiug Inefiarugeainsedunaa (elevation) Tuts
400-1500 m fegneaulagniiu 3 Fumnudn fe 0-10 cm, 10-20 cm Uag 20-30 cm AnaNURvD4
futramenenmiazied fifinsnsniauazgniteseiluiosufiinig fo 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™) tha g
Exchangeable Potassium

NMIAIWIBL SOCD leAwa ANENN13Y09 Zhang et al., (2008) fadl

n
SOCDh = z Li X SOCL X Ppi X (1 — Fl/lOO) X 100

=1

e SOCD,, @® The total amount of soil organic carbon tag ANEN h per unit

area (Mg C ha))

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

SOC; fe SOC concentration (g kg™)

ppi  A® Bulk density (Mg m™)

F; A9 The proportion (%) of coarse (> 2 mm) fragments in the i layer
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5.1.2 m3amsevideya

NTIATIELAENITRAUTIEHANITANYY 1IVIN1SUUIAIANNERINTEAUNLATD UM
\udeg19Au 18u 3 classes v Class 1 Ao 400-800 m, Class 2 Ao 800-1200 m, az Class 3 fio
1200-1500 m wazdtAs1giiUssutiisu 3 YuA1uan A 0-10 cm, 10-20 cm wag 20-30 cm Tuns
a I3 aal v . a Pl A oA
WAFIZINERRLALY SPSS version 20 Tun1siaszviaads (Mean) Avdeiuuninsgiu (Standard
Deviation) 1% Kolmogorov-Smimov (K-S) test Lilonaaaun154ankiavedoyaldausuiaininig
wanuasuuuunfAnielil 19 Runs wae Levene tests Lile8ufuin sample independence way
homogeneity of variance 14 One-way analysis of variance (ANOVA) L9 3LAS1ERAMULANAITD S
SOCD Tuusiay elevation ag soil layer 14 step-wise multiple regression analysis tNo3LAT 1
ANUENTUSVRY SOCD fupuaudRnIanten niagnIsalivedfiu tauitym) Multicollinearity Tu
nsANlgN15LAT %% Multiple Linear Regression lagazldn1snsiageuszau Multicollinearity A
A1 Variance Inflation Factor (VIF) #3110 VIF u1nn31 10 3289791 tAnUgyni Multicollinearity
aghalsfienu nsuitaym Multicollinearity Nfipuldiuuniian Ao 1435 Stepwise regression Tuns

% ~ aad v o v o . . .
asvaunIsLuUanney Liesanistlatidefves Forward selection Way Backward elimination 11

Tiedevdntlyninisiia Multicollinearity

5.1.3 auanthvashulunuivandiinadesdnd wazdilnawaanug

lagAImMsId WU A1 Bulk density agsening 1.21-1.89 Mg m™ \de f 1.55 Mg m™ an

Soil moisture dA1883119149 3.73-46.10% AA1ade 17.40% (iofiu Usgnounly Sand A9y

&

ISP 1 1 !

¥4 16.67-70.67% Lade 40.42 % Silt HAnegjszning 8.67-38.00% Lade 20.08% uaz Clay il
Dej38114 13.33-70.00% @8 39.51% feiiu lunmsuvesiuiidnwuiofuduiuuumnien
(Clay Loam) A1 Fine particles (clay plus silt) deagsening 29.33-83.33% \aAe 59.58% A1 pH i
ABg3EIINg 4.20-7.60 10y 5.42 A1 SOC fiAnegsening 5.57-58.10 g kgl 1@y 22.65 ¢ kg Tuvmi
7l U3 CaCos Sidnegszning 108.67-5846.00 mg kg 1ads 1381.56 mg kg U1 Available
Phosphorous Wag Exchangeable Potassium $f18g5¥1319 1.67-672.00 Uy 67.67-881.33 mg kg

! afy 71.45 uaz 284.68 me ket aua1diu A1 SOCD {A10g8ning 30.40-213.33 Mg C ha lagil

Aade 101.27 Mg C ha't

diensannaautAvesiuluusiay class wuin Soil moisture draeiian (31.66%) lu class

3 alanuadnglugig 1200-1500 lWATIINTEAVUIMELA T89a9317A8 class 2 (800-1200 11n3) Uag
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class 1 (400-800 LuA3) A1Ua1AU A1 Bulk density WU ﬁmamauﬁaﬁuﬁayjqqmﬂizé’mfmmamm
Fu Fanui e Bulk density ﬁaaﬁqm Tu class 3 (1.43 Mg m?) 5838911 A class 2 (1.56 Mg m™)
wag class 1(1.59 Mg m™) ama1u Usuna Sand G‘?ﬂuﬁuﬁqq Fawuin class 3 SU3a Sand Lade
31.50% lunmed class 1 U3 Sand wfs 42.37% Tunenduiu Usinu Clay gelufiuiifiegas
nseiuimei Fawuth class 3 fUTu clay gefian (47.29%) s03a3n Ao class 2 (38.18%) was
class 1 (37.42%) sudrdtu Tuvaigdl Fine particles wu fUSanaigsiianiu class 2 (67.45%) 5998931
fia class 1 (55.98%) waw class 3 (51.42%) mudsiu dmsuiiionu wuin class 1 dwlugidudu
witle class 2 Wufusuluwmiles uaz class 3 Wuumies A1 pH wud class 3 Tanmlunsngs
(pH 4.98) Jeflsudu class 2 (pH 5.50) wag class 1 (pH 5.52) Y5una CaCOs wae Available
Phosphorous Wmnﬂﬁqﬂiu class 2 128y 1650.33 mg kel waz 113.37 me ke auddiu Tuvesd
USnal CaCO; wutlosfiaelu class 3 1@y 1090 mg k! wag Available Phosphorous Wutesiian

Tu class 1 108y 30.25 mg kg! TuduwesU3ua Exchangeable Potassium Wuan iAtanaaiianinu

g99NsEAUUIMEIALNTY Fanud class 1 AwNTgn e 291.93 mg kg 789a31AD class 2

o a A

way class 34088 281.86 mgkelway 273.46 me kel mauadsu defidraula e A1 SOC
concentration Wag SOCD fwLﬁuﬁuiuﬁuﬁﬁag}qqmmzﬁuﬁmmamﬂﬁu Tunisdnwnd nu
SOC concentration tay SOCD ﬁmmnﬁqmiu class 3 Ao 1ady 37.89 ¢ kel ua¥ 156.66 Mg C ha'®
ANUEITU 50931 Ao class 2 1Ay 24.31 g kel waz 111.12 Mg C ha! mudsu waw ﬁasﬁqmiu

class 1 W@y 14.76 ¢ kgt Az 69.13 Mg C ha @ua19u Fanandlunsedt 5-1

uennll maUSeufisuanautinumenmiasaivesiu Tnsuismussduniudn Tuud
av class fauandlumsnefi 52 wuih Soil moisture fngdlusedusuauiianadly warluiuifioggs
nsgdutmea Inewudn Tudufudl 3 (Layer 3) 104 class 3 fif1 Soil moisture asfian (29.46%)
dleeufuduiiu uaz class 8 9 Tuvaedl Bulk density wui Slenalusuiuil 1 uavaziidfiatu
oy 9 Imawumqqqmiu%uauﬁ 3 9840 9 class @m3uUsUIU Sand WU Fufud 1 fu3aa
Sand gafian uazamasiFen 4 ludufinufidnadly Tunsmssiudm wudh U5ana Sitt Clay uae Fine

(%
| 1Y

particles fiAngangnludufiuans (Layer 3) waztioafanludufiuuu (Layer 1) agalsfiniu Usui

o '
v oa )

Clay 9gUTunauiunnnd1 Ysunas Sitt Tumn 9 Fudiu wazyn 9 class dusuillodu wuin Fuaui
dulunjazidufusiumiervunsie (Sandy Clay Loam) duiud 2 upusiudumien (Clay Loam)

S a A 2 a ~ i I3 S a o & a 2  a =
wazduiui 3 1 9uiumien (Clay) egnslsinig Fufudl 3 vemn q class LeAuazduiunien

97



(%
v a I

° Y ! i = I3 ) N Y a v A a

d1915UAT pH WUl Fuiusiuaaziinudunsadnninguausiuue Turueiusuiu CaCos,
Available Phosphorous tag Exchangeable Potassium wunduSunamnnlufutui 1 uazdusuiu
Manasilediaiudnuindu @Sy A1 SOC concentration Wag SOCD Wy dgalufutui 1 wag

ranadtuTuAUNanadly
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719199 5- 1 anandinianienmuazaivesfiulunuseiuaugnseduna (Class 1 = 400-800 m, Class 2 = 800-1200 m, wag Class 3 = 1200-

1500 m)
Soil
BD Clay plus Soil SOC Avail. P Exch. K SOCD
Class Elevation (m) Moisture 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 552+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 CcL 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 =
N1919N 5- 2 ﬂ‘mﬁllUWW"IQﬂ’]EJ.ﬂ'WWLLEWLﬂllﬂ.laﬂﬂuLLUﬂ[ﬂ'mi%ﬂUﬂ'ﬂNﬁﬂ
Soil
BD Clay plus Soil SOC Avail. P Exch. K SOCD
Layer Class Moisture Sand (%) Silt (%) Clay (%) pH CaCo; (mg kg™)
%) (Mg m?) Silt (%) texture (g kg™ (mg keg™) (mg kg™) (Mg C ha)
0.
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
© yO ) Class 2 | 21.25+11.87 | 1.50+0.21 | 45.71+14.22 | 21.0645.30 | 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
-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 551+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+ CcL 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+552 1078.00+990.18 237+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+091 | 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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5.1.4 UadgdrAynaidnswasan1silasuniasvasnanunuikiuvasa susunasaulufu

= dy ! . [ [ o Ao o a 1 3 A
INNITAN®IU WU Elevation L‘Uu{]“\]"\]EJV@ﬂVIﬂ’]ﬂQJfUENUiM’]ﬂJﬂ'J’]JJMU’]LLUU“UENF"I’WUE]HV]

' [
a 1 =

azanlufu Fanuin luiluiid daeuly (High elevation) awdlA1 SOCD g4 Ineilaudumiusiulug
uIn 7 R? = 0.4087; p<0.01 é’fﬂLLamﬂugﬂﬁ 5-1 uBN9INE 91NNTIATIZ Multiple regression ¢
Regression equation maﬁnﬂ%ummﬁﬂ (0-30 cm) é’fﬂ‘f‘j SOCDa (ayers = 8.155 + 0.106(Elevation), R?
- 0.409; p<0.01 FslBuui Elevation Wutladendniiidvdnaseusinammumuuiuvesniiuey
flazaulufu vinuiuiiivgndninadednd uasdrlnawdaiug vesduiusudy Selundndy
nsdneidmuin sOCD faruduiusludauantuuiuna Clay Tnefiilen R2 = 0.054; p<0.01 (U
4-2) uag SOCD faanuduiuslu@auandu Soil moisture TnefifiAn R? = 0.1151; p<0.01 (giJ‘f?i 5-

3)

[ a 1
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U A !

azanlufu voumaz Layer 993U NAINNITIATIZN Multiple regression Wui1 @S utuAuml
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719197 5- 3 ¢ Pearson’s correlation coefficient uansAudNiusvosRmaNTinINEMLazATvesfiu YamNTEAUANUGRINTEAULMELA (400-

1500 m) wag NNYUANLENVDIAU (0-30 cm)

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" | 0015 1.00
Clay plus Silt -0.012 0.088 0.027 -0.094 | 0291 | 0.244 1.00
pH -0.208 0.097 0.376" -0.051 | 0238 -0.057 0.118 1.00
CaCOs -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 | 0.105| 0.097 0.225" 0435 | 0.760 1.00
Exch. K -0.114 0.027 -0.011 -0.360" | 0.200 |  0.305 0.164 0.197 | 0364 | 0.347 1.00
SOCD 0.639” 0.339" -0.267 -0.216 | 0.016 | 0.232" 0.012° -0275 | 0.092 | 0192 | 01267 | 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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719197 5- 6 1 Pearson’s correlation coefficient uansnuduusvosRMaNTinINEMNLaziATvesiu NseduaugNIEAiuimeLa 939 400-800

m

Elevation ol BD Sand Sitt Clay clay pH CaCO, 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
Sitt 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 0.508" 0.189 0.255" 1.00
CaCO, 0.131 0.606" 0.076 -0.336 0.313 0.245 0.239" 0.754 1.00
Avail. P 0.135 0.385 0 -0.281 0.368 0.148 0.141 0.567 0.771 1.00
Exch. K -0.257 0.055 -0.041 -0.406 0.362 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 0.263 | -0.162" -0.104 -0.265 0.086 1.00

(class 1) ‘uawgﬂ‘ﬁummﬁﬂ‘umﬁu (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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A1919% 5- 7 #1 Pearson’s correlation coefficient uansnnuduiusvesnuanifinunenmniaziaivesiu Nseduanugaansgduimea 439 800-1200
m (class 2) YaNTUANUENVDIAU (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
CaCO, -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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A1919% 5- 8 1 Pearson’s correlation coefficient uansaMudNiusrasmuanifinnenmuaziaivesiu NsefuanugRNseiulmea 939 1200-

1500 m (class 3) mamﬂ%ummﬁﬂmadau (0-30 cm)

Elevation ol BD Sand Silt Clay pH CaCO; | Avail. P Exch. K cley 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 | -0.8647 | -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 maUszfiunandndnalnadesdn /g lnamaanug uazinunswaunay Tudaiunisaldagtu

5.2.1 YayasnIwa1nd (weather data)
5.2.1.1 anngiianniAennnalagiu U a.A. 2006-2015, §01UN130INTINRBIAANYTo1mA
(climate scenario) WuU A2 uag B2

1) Ysunauualu

=

nveyauTunaiduadvnsuiefnfisdagiu Ae U A.a. 2006-2015 (Ug1u) wudn HUSuw

o9

= A

theluafe 102.7 uu/d IneUianinugeiian fe lutiafoudenay fuaniviuads 236.4 w4
Tuvnedt ludadeununiiug Usinarhdutiesiign Aoiade 2.6 w4 91nguil 5-9 agifiuh vinagu
duaiudy Smtadednl duszBuanunnduatiaioungueainy LLazaséquNuUismwmﬁaﬂLﬁau
patAy TszezafluanUszana 6 lieu Tuvaziiangldaaiunisainsdiassanmadennia 2
AIULIAN Ae 13T LA, 2016-2031 UAy 2032-2046 YO 2 climate scenarios #o WUU A2 uay B2 §9
WU 90 scenarios way AU dswaliUinuiuanaadofisuius onu neldaaunsal
scenario A2 Tut 2016-2031 agdssaliuiunairufistudniios agrelsfnu Tasludnd aa.
2032-2046 Mt scenario B2 axiivFinaniwutosanilaifisuiudu « Ao anauvdeUszu 80 uu/
T Fvanas 22.77 un. /A wieRmlufesay 22.1 105w Fwanseazidealilumsedl 59 uensni
awudn nelel scenario A2 Tute a.A. 2016-2031 way 2032-2046 waz Neld scenario B2 Tuwis a.f.
2016-2031 USuanisugeanaziiutuandgnu (236.4 uu /U luieudamen) u 283.1, 281.7 waw
259.9 3131./8 luidoufugieu nudiu Sesiuimimeiinaniuggrazafiiniidguussaina 1

Wi Tuvaue?l nels scenario B2 Tugas A.A. 2032-2046 USuNanHugeanazanaanInUgnu uadiania

arlaiURsunuad nana Ao H1aveUTINAUINUEARILUTEINLGRY NINYIAY Y38 FamAY

A58 5- 9 uansUSanainry (/) Tg1u (a.a. 2006-2015) wag melél climate scenarios A2 uay

B2 UShiaugutaiudy Jaingeslv

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 | 185.2 | 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 | 189 7.1 104.3

A2 2032-2046 | 15.6 | 19.7 229 38.9 47.9 170.6 | 233.0 | 201.7 | 281.7 | 1440 | 29.4 16.0 101.8

B2 2016-2031 1.4 53 6.5 11.2 46.4 163.9 | 284.5 | 2089 | 259.9 | 1055 | 215 6.1 93.4
B2 2032-2046 | 2.4 2.6 2.0 115 417 124.1 | 2233 | 2234 | 2126 | 922 22.1 2.0 80.0
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Precipitation
300

250

200
—2006-2015
E
g 150 ——A22016-2031
A2 2032-2046
100 - ==B2 2016-2031
-~ ~B2 2032-2046
50

A

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

5UN 5- 7 uanen1sileuiisuUSunanilusiedou Ugiu (.. 2006-2015) waz neld climate

scenarios A2 wag B2 USLaigutuslugy Jainiedlnl

2) aunNd
9 Y

1%
'

a = a o 1 ! % % IS 1 = A o a = A 1
gauvilindeusnaguuiusiuiy Jamiadesdval ludg fe 26.9 °C lnggaumgilgaan Ao Tur

=

Weumey 30.5 °C luvuei ludifsuunsiay daumngiangn fe 22.8 °C 3NAT199 5-10 wazsy

q

7 5-8 wanalifiuin neld scenario B2 luaag 2016-2031 way 2032-2046 wag Aeld scenario A2

a

Tug39 2016-2031 AgdsnaliunaguiuiwIy Jswiadedlvi daaumgiindefianadleiisuainlgiu
(26.9 °0) \Tu 25.9, 26.6 way 25.8 °C awawiu aniunels scenario A2 Tutg 2032-2046 awiigangl

wdsLiuTuandgu 1y 27.2 °C

Wefivsanuwiliuniswasuulasvesgumgiilusaul 91nguN 58 9eLiudn AsudTIniou
unsau fs Tgureu Mmsidsuwlasvesgamaiinielaaniunisal climate scenario A2 wag B2 aggan
gaunniiadelutyu Tumnanssiudnu dawddisieunsngiau 89 Sunen eamglinaslulsiuasdings

ni1 gaumgilnieldaaunisal climate scenario A2 waz B2
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151971 5- 10 uanagamil (°0) Ugu (.. 2006-2015) uaz Meld climate scenarios A2 wag B2

USLnugud Ly Jaineslul

20

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Average
2006-2015 228 | 247 275 305 | 296 | 286 | 278 | 276 | 280 | 275 | 257 | 231 26.9
A2 2016-2031 | 21.7 | 25.0 26.5 30.6 | 30.6 | 277 | 260 | 256 | 255 254 | 233 | 217 258
A2 2032-2046 | 23.1 26.1 299 | 318 | 323 | 29.2 | 266 | 26.7 | 265 265 | 249 | 229 27.2
B2 2016-2031 | 21.3 | 24.8 283 | 30.7 | 308 | 283 | 256 | 255 | 257 | 257 | 234 | 213 259
B2 2032-2046 | 21.9 | 255 289 | 308 | 31.2 | 289 | 270 | 263 | 26.1 26.0 | 24.1 22.2 26.6

Average Temperature
34
32 N\
—2006-2015

A2 2016-2031
== A2 2032-2046
===B2 2016-2031
== =B2 2032-2046

5UN 5- 8 uansn1silIeulisugamgisesieutsu (a.a. 2006-2015) wag Mels climate scenarios

A2 Uag B2UTnuaNdiuIy Jaminigedln
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v = o =

5.2.2 Yayanauazn193nn19WY (crop data and crop management data)

Y

¥ [ o U o £ &

Joyavand miuwuudnaes EPIC Useneusie Yeyanmauifvesiu deyaaninerne deyaily

Y U

& 1%

Larn133AN13iY laglanie Jeyau)iiunisugnitanaznisdnniswlas dmsunisdndndeyalu

Y

wuud1aes EPIC an1sugndnalnadissdnd/dalnawaniuguazinunsnaunan kanssieazidenlily

'
=

15799 5-11 war 5-12 Inedeyamarilannnislduuvasunuaininunsnslunuifinw a1ntu Jeya

Y

lannuuvasuauazgniinaUuazdniuluy excel file Fanuin Tuiiufideriudeyanisdnnisiivesdl

72 VA
v a A

AULANANeAL Mot nguuuunsdinnsulaesnuasnsuiazste dalu Ssdndusesinisagy

warAndanguuuunsiantsulasvesnsdnilnadesdn i/dnlnauaniuuasinuasiaunauinuann

£

nan tieldidudunudoyafivuaznisdanisiisvesnisinizugnluudazge dmsudndrdeyalu

LUU1809 EPIC

[ v o o

agalsinu TunsAnunildsnsiidedindmSuuseiiunananvesiivuiswiln Auuusiaes EPIC
geldaunsaussiiunandnuoeiginaitula 1189910 crop parameters ¥89uuUINGBY EPIC el

AseuAauitennula lawd finnes dnnie aneluess nenad veuuns And ezlinila nuw wasknau

=

o | 1 £ & Ul a a a v [ =
A3 AN WUAY UanaINu ZNLLEJ’]’]W‘U‘UN‘UU@Q%E‘I']EJW?Q‘LJ?BLﬂJUNﬁNﬁWléﬂ@Eﬂ‘ULLU U31889 EPIC wad

'
o £ A 14 a = <) o U

J93110 LSoslpyanananvasiviy 9 Joundandndud sy model calibration 1o fadae Wudu

Y

o

s Tunsinend salgvinisussdiunandnvesiis 3 ¥in Ao 91lnadednd Turss uay damdes
1Ay Wa1501Ee crop parameters Y83UUUINA0Y EPIC Wag Joyanandndounds §1msu model
calibration 7181983970 dfnautasughanisinuns faszyliluunil 3 waded 3.1.5 uaNaNi N3
Uszillunandnuesiis Tnsuuusiaes EPIC Wldfinsuseiulaemilsdensiuasuutasnisldusslon]

d‘Q
N
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= v aa % Y 2 o g Y
19197 5- 11 T@%ﬁﬂawuﬂ’ﬁﬂ@ﬂ%’]’ﬂw@Laa\‘iﬁm'D/LﬁJaﬂWuﬁq LAYNITINNITHUAN YR TUDLNYATNT

nslddeind
¥t 1 ¥t 2 ¥t 3 nait 4 a¥adt 5
fua Ll Uy | wleviug Y3un i U5 Y3un U3un ny
uuaq n ilgn [ LML) ] LML) [ LN ] LML) ] LN eI
el gﬂi gﬂi f!ﬂi Qﬁi
(nn/ 1 (hn/ 4l (nn/ gl (hn/ 4l (nn/ 4l
19 15) 15 19 15)
1- UATAITT 16-20- 16-20- 46-0- 46-0-
NN 1-wA N . 65 1-nA 65 15-nA 75 1-a@ 75 1-ng - - - 1-nA
g a3 0 0 0 0
PR
aanug
o 1- . 16-20- 16-20- 46-0- . 46-0- . 15-15- .
FIUA 1-5A ‘U’YJIWW 87 1-nn 87 15-nn 35 1-um 75 15-uA 17 31-uA 18
ua 0 0 0 0 15
888
FRa
AR
‘ - 16-20- ~ 16-20- | es0- 46-0-
i 144 13l 53 14y 53 154y 50 1-nA 50 15-nA - - - 1-ny
ne 0 0 0 0
888
wiaiug
- - 1- . 16-20- 16-20- 46-0- 46-0-
LN 1y ?J’T'JIWW 20 1-@am 30 15-dm 30 1-ng 30 15-ny - - - 1-ny
nA 0 0 0 0
888
wideiug
) 1- . 16-20- 16-20- 46-0- 46-0- 15-15-
HAUIRT 1-wA WJ’YJIWW 31 1-nA 31 15-nA 50 1-a@ 50 15-am 25 1-ng 1-nA
1] 0 0 0 0 15
888
Uity 1- UATAITT 16-20- 16-20- 46-0- 46-0-
1 . 67 1-dan 67 15-am 52 1-ny 52 15-ny - - - 1wy
Wy nA a3 0 0 0 0
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A997 5- 12 FeyauiununsHatHauLaE N TIANITUUALNYATYBUNYATNS

nsladeinil
. seums | e o Al 1 a¥eft 2 a3 a¥eit 4 .
fua Ugn willawugiiugn \nung
wzUgn ulay
Usum . Usum . RIE T . Q1T .
gas . Fraran gns . Fraan qas . Fraan qas . Fraan
(nn/13) (nn/13) (nn/13) (nn/13)
ERra:
. ~ Lieniug
J0UN 1 1-n.A. 1418, . 16-20-0 40 1-n.A. 46-0-0 40 15-n.A. 21-0-0 30 1-ny. - - 1-n.A
= 4milwn 888
wifin
50U7 2 1We. 1-5.0. Tunsa 16-20-0 25 20-5.0. 16-20-0 25 1M, 13-13-21 120 1ila. - - - 1438,
J0Ul 1 1WA 1l UATEITIA 3 16-20-0 134 1-n.A. 16-20-0 134 198, 46-0-0 134 1-n.0. 46-0-0 134 1We. 1-5.0.
iy T
2 fLnaes (N -
J0UN 2 1.0, 30-4.0. 16-20-0 50 1-nw - - - - - - - - - 1dia
usy)
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5.2.3 ﬂqiﬁliﬁﬂﬁaUﬂ?ﬂﬁJﬂ'}L%Qﬁ@LLﬁ%Ui%ﬁﬂ%ﬂ']W‘U@\iLL‘UU’SWQB\? EPIC
1) Model calibration

ANNSITLNBSEINSU calibrate wuudNans EPIC lalanssisazidunlilun1sned 5-13 lngls
7819 trial manual MelavasvesAngnuuei (suggested range) Liluwuudnass EPIC wananil
crop parameters Y0391l nALREIdNT TuNTe wag dundes Ngnivualilu crop files vos

WUUINEDY EPIC Fauangbumsean 5-14

A9199 5- 13 ANNSITNEIEMSU crop parameters 71lU@15U 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
0.1-5.5
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
A19199 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 2.5 15 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
BW3 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

[ 1Y

A5 validate huus1a99 Wudunaudfgy nd391n015 calibrate W1s13LM9S 999 module

o

A9 9 138UTRENAT 1T validate Luudaes uMIaTIRdeUANNARIAIAARLLAL AN TDTDYDS

o = o [ 4 Y v aa ¥ 1 o [ Y <
bUUIABN %QQWLUU@@QI%M@ﬂﬂ’]iW’NﬁGG\ LGU’]N’]%']EJELUﬂ']iW]U'Jm NannNIINg 9 1‘1J Az JuUNg

' v
a =

a a ] v eal ° ° [V a ] . ) o ea
L‘U'ﬁEJCULV]f‘JU55‘1/1'3']@NaaWﬁWLLU‘UT\Ha@Qﬂqu’vaLﬂ 299¢1L38NI1 Simulated value AU NAAWSNLAAYU
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a a ! !

339 §932158n91 Observed value #1115Un151Au1v99 Observed value ¥ upgunastoyad

Y

wegwglunisidndiadeyatiu o lun1s@nwiil Observed value vaawanAnU 1 lnaRedRI/A13lne

o Y

waniug SudSwazdundes Mdoyasin drdnauasugianisinens antuldviinisieiedoya
A A o | Y ) ~ 1 ~ . ° ° v Y
HAKFRNYAINETY Sounda 10 UaswsU w.a. 2546-2556 Litaldluns validate wuudiass dmsuded

Y9INTTIUTINTeyadoundimane o U e Lieananuliaitaus wazaiulaleivesdoya

[

d‘ a ] I IS =< [ [ 1 [ U ¥ 901 ] 1 Y a

LUBIINNNANAANY IULLWagﬂﬁ]gmu@%ﬂUﬁaqﬂﬂf\]ﬁlﬂ LYY annngy (YRS UININ) @Wﬁ]ﬁ\iwaiﬂﬂﬁll']m
a o | A a a o o \ v a a |

HAKANA1NITUNR 138 wleuivatuayuwasusielaainniasy envdwalvivunananingining

Und 1usu

dnsulunis@nenil IalgIsn15UTEUNUAIANURANAIAAEY 2 @UN1S AB USEANSA1nued
luipa (EF) ag Root Mean Square Error (RMSE) lamnunaauaainaasutod RMSE Nigausu

1o A9 TalAu 20% wag EF 41nn3n 0.5

1 < a wa o 1 ! v < v §Y = =] v & a )
pgnalsnay IUWNUQUWLﬂH@ﬁﬂﬂu@%ﬂQLL@JLLR]@JI?IL@J&G]W‘L!ﬁ‘?JTJIWWVlLVT&IEJ‘LJﬂ‘LJ‘WQW‘LJQﬂLUu

9

£ lej v ¢ v < v & 1 v =~ =
GU'TJI‘WWLaENﬁG]'JLLﬁSUQﬂ‘UTJIW@Lmaﬂwuﬁq Gﬂ\‘iﬂu%ﬂig‘U’J‘Uﬂ’]iQLLﬁLLaSLQEJuVL‘UGIJEJQﬂW‘JﬂQﬂ Tunsfinen

(%
Y o a

1 nuadgndnlnawdaiudiuadunisugnuuuinensiusdyey Fededndunisnnduneu

[

munusEnadyalafimuall Faunnd19aninensnsnugnininadesdnimenue@ilinigdnns

) | Aa & o | A a e 9 v o
wUastnalnanuaNaNnsave e wu wndikunagldds Tdaseiiin wnludinaglild dslu
Tun1s calibrate wag validate wuudnaad 3ekilanenUsznnvestnilng Jedadldarlunis calibrate

waz validate tuAfeiu

5.2.4 nsUssiiiunandnd1alnataedn /419 naudnwug waz inYASHANNEIY G178
WUUIRB9 EPIC

5.2.4.1 wandatnlwaaesdn i/ lnawannug

NNISUTELNUNANANT I NALA 89 S/T 1 Inaudarussewuus1and EPIC Tuaniunisal

)

T2t wud anuAaaAGeusLsEning 11.08%-17.46% uazUseansn1negsening 57%-67% n

wanslun1sen 4-35 wazguil 4-31 Tnenudn msUszliunandndnlnadesdny/drinawdniug Tu

[ ' ¥ '
=] a0 A

WusuaUrsAuduiiauLlugIgan iRy 9 FallAinunaiainfeulseuia 11.08% uay

o

UseAnSnmuszana 67% luvaen Wuid1uaiiaas wudi danuududtdesigaidomisuiuiug
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B 9 JalAAnunaIaAdeuUsTIIN 17.66% wasUszansainussuna 57% wiegalsiany ey

TuseauneausulanuLnennimue

A15799 5- 15 0an15UseL N UUSEANSAINLAZAIANNUAATALAZDUVDY LWUUTIAa09 EPIC TunIs

Usziliunandndilnadesdad/dalnawdniug

Ly

Frlwadesdnd/drlnamdaius (nn/l9)

AUA Observed value* | Simulated value RMSE (%) EF
NOIN 698 721 11.36 0.64
PR 710 745 17.46 0.57
il 703 731 12.09 0.61
Wain 648 621 13.65 0.61
EEIRER 708 741 16.32 0.60
Un9riupu 691 707 11.08 0.67

* 91nA15d159901Aa U Tu U A, 2560
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wHuikanUTINURanan g1 lwaResdn3/dinawdniug nsdl Baseline

18°20'0"N

= 98°0'0"E 98°10'0"E 98°20'0"E 98°30'0"E 98°40'0"E
% y 1 ) | ) )
5
1% %3 4
UIUAUNS
Z
=}
£
>
LANURY
WNUAR
z
=}
q% -
®
wWHU1as
z
=
? —
©
-
=}
g -
*
Qs Qs o
Auanso
) s
-
g - B - 651
(s}
- [ 651 - 680
l 681 - 699
| 700 - 716
B >718
1 1 I ] 1
98°0'0"E 98°10'0"E 98°20'0"E 98°30'0"E 98°40'0"E

JUT 5- 9 unufiuansUsunamanandlnndesded/Aalnawdeiug nadl Baseline

19°10'0"N

19°0'0"N

18°50'0"N

18°40'0"N

18°30'0°N
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5.2.4.2 HANANUDINUATNANNEIUY

A1 observed LadgvRINAKARTTUHTIMALHUNTDI NToYAYDIATNIUATEERINITNYAS
wudn dAnadvegnuszana 2,345 uag 291 nn/ls mua1au Tuns@inwil duawddn lagnidenty
[ dglJ d‘ Q‘I v dy v & ,Y @ Y4 v o Q‘I d’lj Q‘I ) v
duiuiinuasuaunaiu NUantilnadesdnd/dnlnadanug wasdunss luraedn nunduadiu

) Y a v & A ~ ) X o ¢, v & o ¢ ) &
v lognidentiduiiuiinunsuaunaiu NUgntlnadesdnd/dnlnadlaiug uasdundes nanms
Usiilunandnmenuudnaes EPIC luanunisalllagdu wud nandadandnilnaidesdnd/dnlne
@ Y] [ LY QIJ o | =2 a I ) [y a
awug wazdunse ludvauidn ZerUssunas 711 uag 2,270 nn/ls aud1au waznandndgn
Frlnaiaesdnd/dlnadanug wazdundes lusvaduiv daUssuna 719 waz 273 nn/ls
o % 1 d‘ a a o a a v dgj
ANUAPU ANPNUARIALARBUKATUSEANSAINVBIL UV EPIC Tunisuseliunandnt1ilnmLaes
v 6,V @ 9] 6 gj o I [y} d‘ (Y Y oA I 'y} 1 'y}
doi/Anlnadniiug vesns 2 dva sglusedunseusula Ao RMSE winiu 11.77 EF iy 69%
YDIANUALUAN Ay RMSE 19117 U 12.16 EF 111U 52% V8IA1UATUIUAY AIUEINU @195 UNIS
U UNANAMIUNTI A1 RMSE 1A 19.43 wag EF WNHAU 59% wagnsUsesiunananiiniasd i

A1 RMSE Wiy 17.78 uag EF 191AU 61% fauandlunnsnsdl 5-16 uaggudl 5-10 Geagluinousii

gousula

A15799 5- 16 Han15UsLIUUSEANSAINLAZAIANNUAATALAADUVDY LWUUTIAa09 EPIC TunIS

YL UNANAN VDN YA TNANNATY

. R Observed Simulated
f1ua AGIAGL RMSE (%) EF
value* value
INNALRLIENY/
693 711 11.77 0.69
I3 LY 4 |
usi@n waaug (nn/ls)
sy (nn/l9) 2345 2270 19.43 0.59
IINALRLIENY/
697 719 12.16 0.62
I3 LY 4 |
oo wdanug (nn/ls)
VR
DA (DIW5Y)
. 291 273 17.78 0.61
(nn/ls)

* 91nASE1sIINAELIN Ty U w.A. 2560
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. iy co, co ‘ CH, N,0 NOx | NMVOCs ‘ SOx | PM2.5 ‘ PM10 ‘ Black carbon (BC)
Aua sUnuuMsUgnuazviinuginugn
nn/lsA
drilnaunsanssd 3, 912lnn 888 436.32 11.17 0.78 0.02 0.52 1.30 0.06 173 1.79 0.22
NBILVN
41l 889 126351 32.36 225 0.06 1.50 3.75 0.17 5.00 5.17 0.63
o drlwawdariug 1454.40 37.25 259 0.07 173 432 0.19 576 5.95 0.72
RRNGH -
ralnadaniug, dause, 41 727.20 18.62 1.30 0.03 0.86 216 0.10 2.88 2.98 0.36
Frilnananu 1545.30 39.58 2.75 0.07 1.84 4.59 0.20 6.12 6.32 0.77
Y Friinaunsanssd 3 1454.40 37.25 2.59 0.07 1.73 4.32 0.19 576 5.95 0.72
Srlnalnlodle 1818.00 46.56 3.24 0.08 2.16 5.40 0.24 7.20 7.44 0.90
Srilnaunsanssd 3 721.98 18.49 1.29 0.03 0.86 2.14 0.10 2.86 2,95 036
Tty
$19lnn 888 3158.78 80.90 5.63 0.15 3.75 9.38 0.42 12,51 12.93 1.56
$rilnauasansse 3 2345.22 60.06 4.18 0.11 2.79 6.97 0.31 9.29 9.60 1.16
Unaitusly
F19lnn 888 12120.00 310.40 21.60 0.56 14.40 36.00 1.60 48.00 49.60 6.00
Hritwalnlaidios, $rilnedansu 1136.25 29.10 2,03 0.05 1.35 3.38 0.15 4.50 4.65 0.56
Frilnaunsanssd, Srilnedand 1398.46 35.82 2.49 0.06 1.66 4.15 0.18 5.54 5.72 0.69
winnas Frlnalnlode 2486.38 63.68 4.43 0.11 295 7.39 0.33 9.85 10.18 123
Frilwanansd, drilnalnlodes 1727.10 44.23 3.08 0.08 2,05 5.13 0.23 6.84 7.07 0.86
Srilnalnladluney 1454.40 37.25 2.59 0.07 173 4.32 0.19 5.76 5.95 0.72
dnlwadansu, $ralna 328, $1alna 263 2727.00 69.84 4.86 0.13 3.24 8.10 0.36 10.80 11.16 135
dnlwadansu, $ralna 328, 413lwn 888 681.75 17.46 122 0.03 0.81 203 0.09 2.70 2.79 0.3¢
wiidn - — =
dnlwadandu, Iriinalnlewds 1454.40 37.25 2.59 0.07 173 4.32 0.19 5.76 595 0.72
Frlnnaandy 1454.40 37.25 2.59 0.07 1.73 4.32 0.19 5.76 5.95 0.72
iy 2078.26 53.23 3.70 0.10 2.47 6.17 0.27 8.23 8.51 1.03

150



6.1.2 N1SIANITYINNTNIAITLNWATVDINITVIINI TN WA THANNE U

1) 999287 TUNSHIYINNYNIINITINYATVBINITNINITHNYATHAUNEIU

31NN1TAITIVNAAUIN WU LNBATNTUSIUAUUILILTY Janinucind fesay 31.82

J a

ANTUNITINIGINABNINITNEBATUDINITVIINTINEATHANNATY TUTILADULEIY WAy Sovay 22.72

ALuNTluTNgwnIAY F09a9NA WauNNTIAN duna wazsuay (Feuay 9.09) Laziioununi

Ly

Wug dwneu Augngu waswgednieu (Sevay 4.54) luvaed Yrafouliguisu nsngiey waznaias

NUNBATNINIGINNINNITNEATVDINITIINTNATHANNEY Akandlugud 6-7 dmsutiaiaives

o i
] )

MMIHIINAINIINITNYATVDINITIINTNEATNENNATUVDIMAAE U Iaudnssieazidenlilunisiei

6-4

35% A
31.82%

30% -
25% A
22.72%

20%

15% A

10% o 9:09% 9.09% 9.09%
5% I 4.55% 4.55% 4.55% 4.54%

0% - T T T T T T I T

Jan

Feb Mar Apr May Jun Julu Aug Sep Oct Nov Dec

UNSHIYINWINIINISINAS

¥97a11

gﬂ‘ﬁ 6- 7 Lana9a U ST NN NS YATVRINTYINN TN A SNENNEY

151



A15199 6- 4 LAAIYTINIAIVDINTITNIYINAINIAITIAYATVBINITVINNI TN YA TNENNANUVBILA AL NUT

fua/\mau | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct Nov | Dec

NDILUN

LAUTA

R

LaLAR

Wal@n

Y99AUN Y

2) AN1TIANITYINNININITINWATVDINSTINITNEATNAUNEIUY

WnwnInsaulngsovay 62 N991nHIN1INITNBATVDINITIINITINYRTRALNE UL TULU S
Tuvaued Sosay 24 I9NISYINNYNINITINEHTVBINTIINITNEASHANNEIU IS NSIHN LLLUAS UBnaNT
FINUI LNBATNTIBEAY 11 ALUNITIRENISENENNNINIINNTNBATVDINTYIINITINYATHNALNEAIUDDN

nuUas i lulduseloviegnedu way diilessesay 3 Adnilun1sne 3 38 Tauiu dwwandlugui 6-8

210 gﬂﬁ 6-9 1Fuanddzn15emn158INHYNINITNBATVOINITHINITINUATHAUHAIU TV
\numsnIuAariul Taewudn invasnsiuatians uazusumnass daulvgdanmsmniitnanmsinensues
MsvnsneRswauNay Tnonisudesisilundas tnemsnsduaneuan Sosay 50 9anslagnIsiEN
Tuuas uay 3ndeway 50 Usssialilundas duansumas fosas 80 fannslasniswlunas uay
Zavaz 20 Uaesislilundas inwnsnsiuathusuns Seeay 50 Sanislnedreosnainulas uas Seuas
50 Uaeeislluuvas Tuvasdt tnensnssuatnuiiu wasUnedfiudy §an1sein fienenisinensvesnis

BnsinensHaunauludnwusfedINu fAs Sovaz 50 wluwlad kaz 5o8ar 50 Reliluwlas dmsu

152




WnnsnImUatinen dulug Ianslaenisuaseislilunuas (Fesay 80) way Sevay 20 wrluuuas
Turuziinensnsivawd@n WunNuNReM Ny tnenTNINWINABNINITNEATVDINITINNITINENT
nannaIul luwlad iNensnIsauay 60 In1siaenslukUad kagsasas 20 3AN1StAeN1SEEeanaN

RGN

- o & a
W frweonainutas ©ownlundas W AslATundas M vineie 3 35

3UN 6- 8 T8N159ANTYINTYNNNTINYATVBINITTINNTINYATHALNAY

153



100 -
90 -
& 80 A
ve
$ 70 4
S
s
S 60 -
3
<
5 50 -
=
€
® 40 o
v
&
[ s
)g 30 -
ve
£
S 20 A
&
10 -
o Ll L L} Ll L} L) L)
naIwun  udunale  dnads Uuduns dhuviv Unefiudu wiuen waidn
Qv J z -
M drepanannuiag wlundas @ HdlAlundas M yine 3 35

JUN 6- 9 TBN1IIANTAINTYNINITNYATVDINTYIINTINYATHALNALVDIUAAZ LT

3) 2952218 UM SIINNYNINISNEASVBINITTIINTNEATHENHNEY

Toyaa1NNITATINNAAUIN WU INBAINTToUAL 86 ANTUNITHIFINTHININITNYATVEINT
MnsinuasHaunaulugsue fe Yaaanusyana 12:01 — 18:00 5898911 Aip Se8ay 14 LAYASNS
Bonflazaliun1sunenfianninisnensvesnisyinsineeskaunaulugaad fe Yanaiussana
06:01 - 12:00 Tuwauefl Binun¥asNSAR LU NTIENIINITINYATTBINITINSINYASHALNETY

Tuthsen Ao 18:01 - 06:00 Fauansluguil 6-10

HoNTANTINTLLLIAUAITINIGINAIN AN YATUDINITIIN TN UATHENNEIU YOIUAAY

[ '
) 1

PUT WU NEATNSIUFIUANDILYN VMUY UN9AUHY WUAN Way wiwan LAanNaga I iunIsmIenig
NNATNEATVOINITYIINTINEATHEAURATUIUTUE Turaed inwnsnsdulngvesdiuaninnaiy 1den

PALAMAUNITRITINAYNIINITINBATVDINITHINTNBASHNAUNAIUTUTINT WaNINT Fanuin 1afily
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& A < a 1
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o8N 1 FILU9 ALANILUANT1N 6-5
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18:01 - 06:00

E‘U‘ﬁ 6- 10 F958LLIATUNTHIFINANTNNNISNEATIBINITINISLAUATHANNEA 1Y

ANS199 6- 5 LARNITIITLULLIANMUNITRILALLIANMLY LN NNYNIINITINEATVDINITINNITHNEH S

HELHE YD IUFAZ LT
. . anillunisian
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LAAZASY

ABILLUN
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Wal@n
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4) N15UanUasigsauUNIZAINANLHIYINNININITINBATVDINISIINITINUATHEAUNEIY

PNNTAUIU WU USHNanesn1suanlass i3 aunssanannnI s nienIan1sinunsues
ASYINNISNERSHAUNE Y awmam’%mé’ﬁumﬂmﬂﬁ@@lﬂé’qﬁaaﬁqmlﬁ Faolud CO, > CO > PM10 >
PM2.5 > NMVOCs > CH4 > NOx > BC > SOx > N,O lagnuin U%Lamiq'mfmmmim JanTaTeoaivy 4
USuaunsuanlaes ot ounssanaingan’ 31NNaNTIUNNSNYINAYNIIAITIAEATUBINITIINITLAEAT

naunay TnetadslunmsanUszana 102134, 26.16, 4.18, 4.04, 3.03, 1.82, 1.21, 0.51, 0.13 uay 0.05

[ [
a v 1 A

nn/ls/0 aud1diu uenaindl damudn wuiduatuiv inwesnseuaninlnaidesdnd wavuanvieuuns

waamsiiufgInandndalnadesdnd Tusinaresnsvanddosiieiseunssanainniswnginiannis

[ (]
A A

A A o ) P - v a = 13 '
nsinERsgenan Weeuiuiungy 9 luvaeiinunsnigugniinnesddu 2 seulunilsl vesmhuaudy
wa HUSaven1TUanUdosiesaunTzanaNNTIBIN AN NN YATURENEA Aanslun1sn
71 6-6 uApg9lsNmL NYATNINTINTNATLUUNENRNEIY TNz LamzmseInd 1 lnadedn ] wivz

LsliiAwenuesiveiindy 9 aeInnIsiuRgINaRERLAD

5) ApszianwAsegiakasdiad fuuTunan1sUanuaasineisaunszanannkiAeeINNg

NINNINYAT

a 1

wiglvmsudstadesuanmasuginasdinuiienaveiidvinasdeusununisanudesfinsieou
nsTanIINMSELAvEINTiememsaeas Tunsned Idesedflagld Multiple regression Ime
fvuely SruauanBnluadaFou eng sefunisine wagsigldanmamnzugn Wusudsiu Tuvaed
UsinunsUandaeefimidounssanamnmanidemnfionianisinens  Wusudsan wa91nnis
AT 19 Regression equation Ao GHGs = -766.040(hh number) + 6253.179, R? = 0.381; p<0.01

o a

PMNAUNSTWAIUI  SwuauBnluasuSeuiidnsnaludsauseuSunanisvanldesfasounssan

'
o w &Y

wazlluigslaseuefdanudusiusosadifodAumeaia  Tuninets wnASISauNEATNIITUIY
AUNTNIUASUTOUTDY VLAINA LN WATNTLADNNILLHLABIINNYNIINITNYATINLYU FIVINALUSU0UNS
UanUaaafuisaunszanaINNISELABIINNTNINITINBASHANNINTY N9l 919199910015 UIALSI9U

Tunsugou Tun1sdnn1sLAYEINNENIAITAYATAIETODU 9 UBNAINIBNITHM
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A15197 6- 6

wanUIINNIsUanUao s g o unIzaN NN TN LAYEINAYN AT BATUBINITVIIN TN YATNALNEIU

fua

FUnuUNsUgNiY

co,

co

CH,

NOx

NMVOCs

SOx

PM2.5

PM10

Black carbon

(8C)

an/ls/A

NDILUN

d1alna 888

1212.00

31.04

2.16

0.06

3.60

4.80

4.96

0.60

F1ilne 888, veuwasituG R

Maas, Mg

1090.80

27.94

1.94

0.05

3.24

4.32

4.46

0.54

Hnmosdly, fdas

818.10

20.95

1.46

0.04

0.97

243

3.24

3.35

0.41

Hlomasdity, ilnveadu

60.60

155

0.11

0.00

0.07

0.18

0.01

0.24

0.25

0.03

Hnmosdjuy, funs

909.00

23.28

1.62

0.04

1.08

2.70

0.12

3.60

3.72

0.45

e, e

81.81

2.10

0.15

0.00

0.10

0.24

0.01

0.32

0.33

0.04

UINMAN

Mg, azlanle, finnee

M, fuaudn, ozlanld, nun

Aoy, uns

Anninde, durss, Annadydnduss

MuAg, DAY

An5eLUDS 329, anseLuads 80

A

Turlss, 9nlnaniy, AlesEuse)

Prilwadssdnd/dnlnmudaiug

Hnnes, Hnnes

Hnmosdily, fdas

Truduns

Fralwavny, Saaas

and, elaanldl, $ae, iswnuivess

azth, #nd, 41, fnmesdiu
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ngvidiala, Anminde, fnnesdlu

Hnmosdily, dnade, 1BeaUd, nenadd, dnd, evlaanld, lansa, a1d

Homasdty, nveadu

duiv

Inlnauasanssns, fung

629.31

16.12

112

0.03

0.75

1.87

0.08

2.49

2.58

0.31

Fnlnadesdnd, veuuns

4242.00

108.64

7.56

0.20

5.04

12.60

0.56

16.80

17.36

2.10

wiuan

anaLuats 329 80

AnseLUpTUGNIZI1IN 80 uay 329, nena1ud

AnTLUBIUGNIZIINIL 80 uay 329, nmnv1y/innade

anaLUats 329, anoluasa 80

wildn

F1lnaNK328, F1alwaNK62

Fuplsy, alamld, aqulinf, negwaud

T, s, eduiden

nevid1Ud, sy, alannle, edu

FlwaNk, nlnalnleiles, 9121wnsss, fnnnvne, munensidm

148.41

3.80

0.26

0.01

0.18

0.44

0.02

0.59

0.61

0.07

\ady

1021.34

26.16

1.82

0.05

1.21

3.03

0.13

4.04

4.18

0.51
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6.1.3 m3iSeuiisunisuanUdesineiFaunszanszndtamsvandralnaiaeednd 417lne
WAAWUG HaZN1SYNNISINYATHENNEIY

N5 BUBUUSLIUNSUanUa e Aol s auUN T2 AN MLRIYINTIILNALEESERT 91lNe
L@Jﬁ@ﬁuﬁ: LAZAISYININISHAYATHNALNEIU WU mwmmﬁﬂqn%’n’lwmLuﬁmﬁuﬁ:ﬁmiﬂamﬂﬁaaﬁ”w
ISAUNTLANUINTIGA T8IAIUT AD ﬂﬂiﬂqﬂﬁwﬂwmuﬁmﬂ’ui LAENITYINNISINYASHALNAIY ANUEIAU
Ingazuiuladn inunsnsadlvaililivgndnlnabesdnd vie drlnawdaiug wivgniiveiindu

| e A ° a2 v 1 = &
U @nsaluess AnnesgUu nena1ud Wudu tnwasnsagludinmswneiniiemanens uenani a1n
N"56153901PEUNY I AL TOUTA g NAN UBINTRBNNNSIN LAY IAANNINITINYAT AB
@ ad d‘l v s <

1) M3 TWIBNITNNY AUNUAT LagsIns,

2) e lannenisineasiiunisineansfianssumenisineas 1wy n1sta nswuen 1usu

3) faueinaiuintuniséneaseindinlnadesdnd/dalnawdaiug eenainulas

Wasannsawnlile

(% '
Il =

v & [ v [ v & 1 o a <) v
4) iwwgndnalnaldesd®d uazdnlnawaniiug devaaigenn uazazriuinluiiunsniie
v A dy
way TuiTug
5) wnunsnsudI dannudnladndguiausemaliinlavdindugavienouiiniaii

SFUIaivuARe SEniNaie 20 NUAUS - 20 lwwey

6.1.4 &3y

USuaunisuanuase e 3aunszanvaamnUssnningsiuainnsugInt1iineaesdn g
FINT1INAUEATUG LagtBINTYNINITNEATVBINISTIINTNUATHALNETY wandlumnsei 6-7

A15199 6- 7 USUNaUN 9IS aUNIZANAINNITEHLARI NN ITNEAT

Fua g ndalnadesdng wiwrnd1alnawdniug LAY INLN YA TNANNETY 531 (nn./13/4)
NDILLUN 600.4 1768.31 1260.82 3629.53
FraA - 2269.47 0 2269.47
k] 983.42 5011.74 - 5995.16
TR 2962.92 4037.07 5067.52 12067.51
Unaduelu - 15047.85 - 15047.85
wilian 3782.45 - 0 3782.45
w93 1127.7 8532.97 - 9660.67
waldn 2053.61 6572.02 154.39 8780.02
U1uduns - - 0 0
WIUMA - - 3079.54 3079.54
S 11,510.5 43,239.43 9,562.27 64,312
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AsUanvansfnglsaunszansInINAsLAEen (nn/15/4)
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B dnlnadaoednd B dnlnawmdanug B nsmssuce B total

5UN 6- 11 MsvanUdesiusaunszansmannmseiawyn (nn/ls/A)

= Y

YSunaunsuaniaesioisaunszansiuannnIsIgInianmnIen1sin ensaaigaisesasussil

1
YNAUEUSTIURU> BUUIT> BWUAN> Y1INT> NOWINSLULAA> LANNA>TI9A wazlununig
YanUaes s ounszanundinistAuienTiuduns wazsnuiuaudnluasuseuisnswaludau

o

AoUSununsUandassmaiSounsyan waziduiiesaduifeifiauduiusegefided Ay saia
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uni 7

caa

m'iﬂ'ivmmmsamam ‘L!’WI’]LLa“’Gl"ﬂ'eJ‘wUE]\‘iLLGIﬂ”'iULLUUﬂﬂSI‘UUS"’ISJ% Uneu aneld

aorun1salanmaiiannialuauinn A8uuuTIaas SWAT

msUszanunsaunaiuazagnouluduinuintiessuuuunsliussleniiAuiunndedy
waznelinisiudsuutasanimernialusuinn 1ngld SWAT (Soil and Water Assessment Tool)
Tuina Faduuvusraemisgnine mikiiduedesflodmiunisennsaiusinadvh luanmguihil
ﬁmm%’u%@umaqmrﬁ‘mEJ’]G‘EHﬁi’ﬁamé’ﬂwmzmqmamwmmfcjmf’]qumgmﬂwmﬁma% AN
yaneninesifuiiaiidnefinszuiumsdiunm Aflussansnm ldfunsseniunasUszgndldesng
newslusERuaIna

wuudaes SWAT ideyatidiey Aedoyanisliusylowidiau (land use data) deya
AU (soil data) wazdeyaan1ngiienia (climate data) vosguimiudnlasuvudiansazsiins
ﬁmamﬂ%mmﬂ’1’511/1@ﬁﬂﬂwﬂ’mmuaummﬁqwﬁwm (Hydrologic Response Units: HRUs) YOI
asﬁuﬁ&jufﬂéaamuﬁﬁu Gﬁﬁiﬁi’famm3au@aﬁwmﬁaWimﬂﬂizuauquqmfﬁwm Faaumsfl (1) 9
WUU91a899¢7NN13M1T LHEULUY (model simulate) Ingdinscalibration and validation fedeya
observation runoff ¢7e AMm1313LnesAdA1useulnIsewuusIa0e (parameter sensitivity

analysis) wagvin15UsEIuUTEANSNINYeILUUT1809618 coefficient of determination (R? ) way

NashSutcliffe coefficient of efficiency (NSE)

t

SI/V: = SVVO * Z day Q suf a seep ng) ________ (1)

i=1

el SW; Ao Usunaninlufiuanying (wa.), SW, fie Ysinanhlufusuauluiug i (wu.), t Ao
1381 (1), Qur AB USunauidaduludud i (ua), E, As Usunaumsaeseineluiui i (Wa.), W, A8

USunanhlvaduasguuladiuluiui i (), Qg Ao USinanhldduitlvanduganiluiui i (uw)
7.1 aamadl (°C) UTaguaiuTY Jmdaesing

1N3UN 7-1 wanenasidTeuiisugamaisieiieu uSaguiiLiudy Janindeslny

Usznaumeaamaiiadelul .. 2010 - 2016 FelHUuTgu (Base year) uazguugiindanels
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anunsainsiUAsuudasanimgiionnauuy A2 uay B2 Ssuvadu 2 $29fo A.A.2016 - 2031 uaz
A.A. 2032 - 2046 ALAGIU

gumpiitedugeanagdl 32.30 °C luanmgiionniauuy A2 ieunguanau U a.e. 2036 -
2046

paungiiadesinanegi 19.11 °C ludounnsien U a.a. 2013wsdimslduuudians SWAT e

UsziludSunanvimglaanunisalnmsdisunlasaningiienniaizessadeyagamgiaindiey

aunNRAY
°C ] U
34.00
32.00
30.00
28.00
26.00
24.00
22.00
20.00
18.00
1 2 3 4 5 6 7 8 9 10 11 12
L?\@ummﬂm - {u’l’]ﬂll
——)(010 —) (011 2012
2013 —)(014 — 7015
—)(016 — N2 2016-2031 e A2 2032-2046
B2 2016-2031 — B7 2032-2046

UM 7- 1 uansnisilSeuiisugamaisnediou ushaEuduiugy Jmindedlny

7.2 Ganauthalu @adiuns) vinuguiusiudy Swiadeds
n5U7 7-2 wansnnFeuiieuuTmnanidusieieu vinuduinuiuty Sminidednl
UsznoudeuSinaniduadslud s, 2010 - 2016 FalHTuTgu (Base year) wazuSunainy
wwdsneldanmunisainsiasuulasanmglieniauuy A2 uay B2 Ssazutadu 2 929 A.A.2016 -
2031 uag A.A. 2032 - 2046 AUAAU
Uhinauthiugeanegi 300 fadums Tudeudmna O ae. 2013

Ui euinanegi 0 Tadwes Tudeuunsiay - dueu U A, 2014
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AaUNNIIAN - FuaAN
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JUN 7- 2 uansn1silSeuiisuUTinaiWusenow UshaEuduluty Janindedlnyl

12

Matnslduuudnans SWAT eussdiuusinadwinmeldaniunsainisidsundasaningiionnia
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¢ada a 1 [ =

7.3. annsidusElevinauusnguinuiuay Jaindealm

o 1% ] 1%
&Y

INFUN 7-3 nuhusiaguiiwduduinunvideudisgauanysal wiannsa1sanud
a & P v & v e & A a 1% 1 & A & A a
390U nuhinsvgntalnadesd@e i duiunusnun Mwnsnauwuin luiuieies wasiuig
w1 Tusiua $1988 neswun wastuiu Aegun 7-4 - 7-6

AUt aALLdug lun1sUsELuUTIMEIMILasUS I nENa UUS IR NI LI LT Y

o = & A v S o edyvo ° Y = o caa

AzYIUIINWINIUNISUandIlnadesdninlavinisdstaiusnuinslduselevinauvensy
[ aa Y & £ saa a 1 H 1 ' [ A a a
Wounnau uaglhduguuunisldusslevdnfuusnuguuiududy fAsgui 7-7 lunisussliudsunu

YIINAEWUUIIADY SWAT

JUN 7- 3 mwanganifiguuansunuIaaEudiuludy Jamdngedud (2560)
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3UN 7- 6 Wumandnlnadesdnluunluduatiuiv suneuludy Jamingesdud (3)
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nstduselevunfuusnaEuUILLTL Jmingedal aansoudela

= v saa a ! go’ 1 1 o (% a 1
M990 7- 1 ﬂ’]ﬂ?ﬁﬂi%I?J?fUVl@UUiL’Jm’ﬁquuqLL@JLL"i]lI Janindeelu

(%

v A
PNU

g

a1 mslduseleviiiiau Wil (%)
1 Frlneaesdn’ 53.943
2 Unuganssd 28.560
3 NSRS UUNENNETY 5.910
4 UM 5.613
5 nevdUa 1.594
6 Ui 1.252
7 i go1devuiuioy 1.100
8 aunaldl 0.845
9 & 0.347
10 Wi 0.244
11 1eidn 0.196
12 aneLue3 0.176
13 ﬁuﬁasujmﬁwumﬂuﬂmﬂma 0.078
14 AN lar 0.051
15 AN 0.024
16 NLLVDINA 0.021
17 fuflerunUsvasd 0.020
18 ‘ﬁuﬁqmammiu 0.012
19 GHY 0.010
20 nae 0.003
21 9IANTNUYE 0.001
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7.4 M3ldnvasnANISNEATUTIAgNUILILIY Jmdaelng

ANTANUIUNIANANUSLANTNI5 I UNVDINYD1989 @ru1salearnyUSuianisliaunveany?

foan15WSsuLieuNuUSUNUNIS IR 9NY91989 NANUIIAEIS Penman Monteith @u1sanila

U dyd
AINAUNITIAIUAD
ET= Kcp x ETo
A
b
A U a Q‘ ¥ goj A a a % ¥ 901 A ¥ a o
KCp Ao MUiEﬂVlﬁﬂ’]ﬂ“UUT‘U@\‘IW‘ULUiEJUL‘I/I‘EJUﬂUﬂ’]iGLGUU’]“U@ﬂWGUEJN@Q AU

1ne3T Penman Monteith
ET Ao USunaunsiguueaiey (ua./3u)

EFTo  fa YSuiaunisldunvesfivenedanmulialnegds Penman Monteith (131./

7.5 M3Usulduuudnaas SWAT Lﬁaﬁﬁaaaﬂ%mmﬁﬂmLLazﬂ%mmmnauﬁ%nmajuﬁﬁLLaJ'u,aisJ
TunsussdiudSnaiviuasSnamynaugiouuusiass SWAT 1 azfewinnsasuiiiou
LUUSa8e (Calibrate model) Apunistiuuusiasssldass iieUSuumsAsuUsvosuusaedlt
USunaidvinuazusinumngnauiildainmssiassiianylndidssnasiivunliuasnadsaiulsuna
‘fwhLLazﬂ%mmmzﬂauﬁlﬁmﬂ%gamimaﬁm%q InTuFwinisesaeaeudnadelutuney

Validation ha2399g@11u150l8wuuUda89tun1sUseiiulsuaudvnwazUsununenauniala

¢ a a a ] fala
amumimmiwaﬂuLLanamwgmmmﬂLLazmiL‘UaﬂmLUmmﬂ%ﬂwimjumu

7.5.1 mMssauiiguluudaes (Calibrate model)

msapuifisuuuuasddlifoyauiinanivhseeuainani P1aA uasUSinamenouse
{eunnanill P14 (gudonninevausemuniamilenouuy, 2017) dsnnsUsunanissians
Usinanivin agldedudssandnisdnaula (RY) way assvlmanuwsiugvesnuusass (E.o) laedl
mﬁaau%’uiﬁagjﬁ 111N791 0.6 war 11nA31 0.5 (Arnold et al,, 2012) anuaisu taalylusunsy
SWAT - CUP lunsuuiisunasinszsianiuusfivmnzauiiandanssd 7-2 whdshanumandy
TudSuusddlunuuinans SWAT

foyaildlunsaeuiioy fo Foyauiinanivhseieuresanil PLoA ludiafounnsiam -
funeau U A 2014 fap13197l 7-3 uagUTinameneunediouainaand Plaluriaieunnsiay -

Suneu U a.A. 2003 Aen19797 7-4 (Fudamningrvauseniunamiensuuy, 2017)
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A9 7- 2 APWUSTAINAGDLUUIIaDY SWAT
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CN2

| & v i 3
ANAZLUUN U SUDND
Usgansanlunisli

| Al ° X Aw
Y lnaluasisvasiiunau
141 (A" runoff curve number

Gl a0 1
#99A1 CN) UYL 35 -
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7
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+10.8%

ALPHA BF

1 dldl U
ATAINNLUTHNUNIUANT
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GW DELAY

Y2978l UN ST ULU
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A15199 7- 3 WSsuisuUsunaminilaannnisnsiatam @00l P14A AuUsSuianvnein

LUV
f.A. . -
ua. | aw | f8a | we |[wa |88 | e | da n.9. f.A. | Wy | 6.
2014
Ysua
47.2
N9 29.69 | 24.22 | 9.37 aa53 | 4441 | 5047 | 94.13 | 146.81 | 73.78 | 37.26 | 26.51
8
M990
Jsuey | 314
. 30.73 | 26.78 | 23.64 | 27.97 | 40 4581 | 59.79 | 124.2 1274 | 46.2 29.27
@y | 7

AN5199 7- 4 WSeuguUsununenaunlan1sn IR @018 P14 AUUSINAUAZNDUANNLUUIIADY
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7.5.3 wan1saauiiay (Calibration) Ysunaunznay
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A19797 7- 6 WisuisuUsnaisuluuazaniunisainsidsundasnisldussleninaunmeldaaunsainaddsundasaningiennia

a0 . coda - - Umnasininsau
- ﬂ’]i‘lﬁﬂiﬂﬂ‘ﬂuvm\l .. nw. a.n. e w.A. 4. n.a. GEN n.e. a.n. .. 5.0,
pilema (au.a./A)
Fralnaviiia (50%) 0.06 0.05 67.45 417 10.09 98.14 171.20 191.20 291.50 122.00 6.63 1.63 964.12
41lnaanas (0%) 0.07 0.06 53.76 4.88 7.69 83.62 152,60 169.60 265.40 109.10 7.70 191 856.39
A2: 2016-
2051 Fralwaiindu (80%) 0.05 0.05 80.16 352 12,00 11280 189.00 208.10 304.40 12630 593 1.46 1043.78
1iiBudus3.94% U1l4i28.56%
s 0.04 0 9.00 843 3.06 93.54 159.90 179.50 265.90 103.90 374 0.64 827.64
UaTNYOUN17.7%
dnlnauinudiu (50%) 1.46 226 258 5.46 8.69 112.40 18930 164.20 289.70 12260 1041 3.19 912.25
1lnaanas (0%) 152 216 233 4.16 6.70 96.43 16930 144.20 26330 110.00 10.02 345 813.57
A2: 2032-
2046 dralnaiiiadu (80%) 143 233 273 633 1022 128.70 20860 17930 306.10 12860 1049 3.00 987.82
1ii8udtu53.94% Ulii28.56%
o 1.20 175 173 4.10 5.86 98.39 168.40 143.00 262.90 105.50 6.17 1.90 800.89
UATNYDUN1T.7%
Frlnawindiu (50%) 0.49 0.12 0.15 0.44 6.98 105.60 25170 172.10 26310 75.52 637 1.46 884.04
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2051 Fralnauiiaiu (80%) 0.44 0.11 0.14 0.44 837 12120 27340 18520 274.10 79.07 594 130 949.91
1iiBudus3.94% 1lii28.56%
o 1.09 0.03 0.02 0.18 423 84.87 22690 164.80 27040 81.30 734 127 842.43
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2046
Fralnaiindu (80%) 0.15 0.03 0.02 039 6.27 75.65 194.50 20220 209.50 61.85 5.71 118 757.45
ii8udtus3.94% Ulii28.56%
o 0.04 0 0 0.15 321 50.32 153.20 163.10 178.40 47.66 5.44 1.09 602.61
UATNYDUN1T. 7%
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0 @ee 0 ee®'®
0 100 200 300 0 50 100 150 200 250
Vinesniy Vhneania

Ut 7- 19 nsmiuansenanuduiusssvinsUSinaniviuasidungldanumaninisugnlitadusiu (n)
A2: 2016-2031, (u) A2: 2032-2046, (A) B2: 2016-2031, (3) B2: 2032-2046

a

NNFUN 7-19 wudrAndudsydnsnisdedula (R?) dadesnaanielanisilfsuudasaninenie
WUU A2: 2016 - 2031 91 0.9068 wazunAignn1elan1sildeunasanineiniAwuy A2: 2032 - 2046

0.9633

7.7 a9AUszNOUTBANAALN

915197 7-7 03dUsENOVIRIANAAYA LaEANINT 7-8 uansdosazvestwinalsdetily 3
psfUsznouvesaNnathifuNnHaTITsAadtluutazesdUsznoy tvihiaiu + thannnisluadudng
+ duma - nsgaidsainnisivadu TnsnuiSinudvinadeisun sesaniunisainsannisugn
H1alwa [@lnmanas 0%) uaznsugnlsfiudu 53.949% Uil 28.56% uaziiwdu 17.7% TUsInauimia
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waslunng n1sidsunlasanineniAdinIaniun1salninisugndilnainndy (50%) uaznisuan

AT (80%) wazan1un1sainisannisugndilng (41ilwaanas 0%) wasnisuanldgusu 53.94%

N A

Ul 28.56% Uagiivdus) 17.7% ian1sgatdeainnisanessmeniniy n1shaliiifuainaud1aunndy

war WIUIANaNInTunNan unTainin sugndlnawmiiey (50%) wagn1sugntnalnaiiudiy (80%)

% ]
al

= ¢ & | v A X = v v ' o N A & H | o A !
Luaﬂﬁ]’lﬂamuﬂﬁmwwuwﬂ’ﬂmL‘WﬂJ‘U‘u Vﬁ@lllf]u@]u ‘UWI&JLL@%WGUE)W] Liﬁa’]Uﬁqﬂu’ﬂ‘Us{nQﬂa’]\‘numq@ﬂjq

aounsainunivgndalnawindy weiiuiuidu 80% wazduldlnadieszaonisivavesidwilinia

N3be8IRUTe kALEIUINIAGITY
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A19199 7- 7 asAUsnevaunaintanunsainsliuselesingu

a

17.7%

anm mslivseloniiau el iR () mslualdfafuan lnafaasy mgadsanmsnng mMagaudoseninms Usnahwihiaderiaan

afioima (1) (1) sudne uIma s va (1130)

A2:2016-2031 | 417lnaanas (0%) 1987.94 839.14 151.95 4.06 1219.50 0.36 994.79
Frlnaviniu (50%) 973.54 136.86 1.81 1113.42 0.23 111.98
Frilnaufisu (80%) 1042.53 125.28 0.49 1086.69 0.07 1168.23
leiBudu 53.949% U1 28.56% LLa:ﬁmSuq 818.41 155.29 2.47 1243.98 0.28 975.88
17.7%

A2: 2032-2046 | Grilneanas (0%) 1914.13 750.22 150.69 231 1127.25 0.18 903.04
Fralnawindia (509) 890.31 133.79 0.99 1009.06 0.08 1025.00
Fralwaniinu (80%) 991.70 11844 0.00 924.30 0.02 1110.13
$iusu 53.94% Unlsf 28.56% uasfivaue 751.91 141.66 111 1043.10 0.13 894.55
17.7%

B2: 2016-2031 | 4alwaanad (0%) 1779.51 766.74 116.13 2.00 774.13 0.40 884.47
Fralnawindi (509%) 870.73 103.99 0.75 721.44 031 975.16
Frlneiadu (80%) 939.26 92.44 0.00 672.02 0.02 1031.68
1$5udu 53.949% Urlsf 28.56% uasfivdue 762.36 118.07 1.52 803.66 0.39 881.57
17.7%

B2: 2032-2046 | falnmanad (0%) 1495.86 462.57 92.22 1.06 758.77 0.13 555.71
Fralnavindia (509) 655.84 98.43 0.71 812.26 0.09 754.89
Fralwaufiatu (80%) 605.51 73.15 0.00 629.57 0.01 678.65
#Busu 53.949% Unldl 28.56% uasivdue 574.72 106.90 118 811.55 0.18 682.62
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o P < g % « o e
N13°9N 7- 8 58865‘UEJJDQF1U§3ﬂEJ‘UﬁlI({]ﬁu'l@@u’wuﬁl’lMﬁﬂ’]uﬂ?imﬂ’]ﬂ“ﬂﬁiﬂﬂ“ﬂuﬂﬂu

a

anm mslivseloniiau el Sovazvaniwiiin Sevavnislvaldfiaiuain Sovazilvaduasgin Sovavnsnny Fovaznsgoydusyvinms Sovazivieds/

afioima (1) fuhel gie/nlu wena/iely e/ Tva/thelu o

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

2031 FrilnaiiRu (50%) 48.97 688 0.09 56.01 001 55.94
Frlneuiadu (80%) 52.44 6.30 0.02 54.66 0.00 58.77
1eiBudiu 53.94% U157 28.56% uay 41.17 7.81 0.12 62.58 0.01 49.00
fdug 17.7%

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

2046 Fnlwawindn (50%) 46.51 6.99 0.05 52.72 0.00 53.55
Frlnauiadu (80%) 51.81 6.19 0.00 48.29 0.00 58.00
iusiu 53.94% U1l 28.56% uay 39.28 7.40 0.06 54.49 001 46.73
fidug 17.7%

B2: 2016- Frilnnanas (0%) 1779.51 43.09 653 0.11 43.50 0.02 49.70

2031 Frlnawinifu (50%) 48.93 584 0.04 40.54 0.02 54.80
Frlneuiadu (80%) 52.78 5.19 0.00 37.76 0.00 57.98
Ifudu 53.94% U113 28.56% way a2.84 6.63 0.09 45.16 0.02 49.54
fdug 17.7%

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

2046 Frlnawinidu (50%) 43,84 658 0.05 54.30 0.01 50.47
Frilnaufistu (80%) 40.48 4.89 0.00 42.09 0.00 4537
WiBusiu 53.94% Unldl 28.56% way 38.42 7.15 0.08 54.25 0.01 45.63

B 17.7%
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7.8 Myvsziiuvsinamznaunelasaiunisainisivasuudasaniwgiiannianasnisiuisunag
v caa a 1 3 1 1
n5lUsElevUNAuUSIMgN U LILIY
NauLFgIvEnIUNIsinIsiUAsuLUasan ngionakazn1siUasukUanslduseles
AU a11150314UNLARIR1399 7-9

AN5199 7- 9 wansanun1sallun1suseliudsunamenauluauam

n1slaguwUag MsasuUaINIsiUseleviney

dnngiiennae

A2: 2016-2031 fuignliuadu

A2: 20322046 | dudilgniming | Hudivgninilne | dufiugndnalwe | Su 53.94% Ul

Y
[

B2: 2016-2031 WINLAN (50%) anas (0%) iy (80%) 28.56% WAz

B2: 2032-2046 Buq17.7%

PNauyAgvanunsainisiudsuwlataningieonniatuazitnisiidteya Uy uaz

aaunnANleanNLkuUIIand EPIC Aeldaniuni1sainisiuasuwlasan nnaiainiewuu A2 way B2 1ne

9 Y Y

afunnsuszananisluas 30 U (a.a. 2016 - 2046) Faazgnudseantdu 2 33 $asaz 15 T léud

A.A. 2016- 2031 uay A.A. 2032 - 2046

[

g liinisiddeyaanimeinie druaududuing (Humidity) Aui3aau (Wind
speed) warStduat@1¥ngd (Solar radiation) &ludiuvestoyauuudass SWAT a1unsaasstoyai

Mamglilnaifesivgumgil wazuTunaudwy lueuenldlagenfedeya adifgienieniu 30 U

3

(A.7.1987 - 2016) Ananfigaleningl o ineniAeIuIuIRTeIlul Fuagin 81Lnogwmn

a

[ v A e [ = a a [ [ = e [V & A
"\NV'J@LSUE’NIVHJ %QLUULWSQ@QWUL@U’JIUQQMU@LSUENI“VTNVINﬂ'ﬁﬁ‘li'ﬁ"\]'ﬂ@?J@Nﬁﬂll@’m’]ﬁIUWUW (N34

Y Y

anllesInen, 2017)
dmsuaniunisainisidsundainisldussleovifn Auavyinnisauyfgivaniunisel 4

A0NUNI5ad bobkA

' (%
= £

¢ al 1 a L= dy dy v ¢ 14 o =] ~
1. anunrsainldiinnsiiunseannunuand il nalaesdnd I@]E’JIWV’N?]']U'JUWUVIﬂ']TLJQﬂ

Y

<

Prlnadesdniuasiuinlidaaudazgnladulsu (base year) vasnsliusslovingu

al

2. Myanduiunugni1udesdm ) lngauyfaaiunisalliiudsuainiuinisugnd1ilng

Y 9
-dgj o ¢ A [ ! H 1 ! [ dglj a a d‘ddy ~ 14 dy v Y
LaEN?W]'WNV?J@VIEJEJE‘,]IUQNUWLLNLL‘\]&IL‘UH‘WUWU? PMARNNRNUIUanT 1IN IERISesas 53.94 984

Y
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o ' o o

Nun waziunUlisosas 28.56U09NUN Lﬁuﬁuﬁﬂqﬂﬁﬁ’wﬂwmLﬁmﬁm%@saz 0 YaNUNwazNuUAU LT
WuSovay 82.5v09Nuf

3. Msiiuitugndnlnadesdn lnsauyRanunsalliiuisuaniuinisugndnlnaies

1% ' 1%
v ¢ 4

@ Ao % e & A a adad A s o ey & A
dninmueniiogluguunudududuiiunr nwundiuivgndalnadesdnisesas 53.94 va3iiui
wariuiUli¥evaz 28.56 vosiuil Lluiufivgndinadesdnisosas 82.5 vasiuiuasiunualyd
Judeway 0 vesiiud

4

4. Tuan unsaid

Y o

Aidglamunualinisidsuudasmsldusslevinfuuianguuiuluiuiy
< ! Y A Ao o % S o ew

Juluanuuleuigvemiheanuissdunduwimidunisaduayunisannisdandiluadesdn e
wwIAn uanU (Peyaannisdunivaleun. nasuan, 2560) ndasuliyiuivindaniyiusi

i AU wuaA ey olaile Wudy FeilinaUseasesail 1) nsanUIunaiiuinisugndnilnaides

9

v 6

dniioanAUTULTDMLBENATUAINNISIIEINT NG 2) nstiuiuiul (WiEuaw) 3) n1sass
selaiiuguruaniuivl Feduiinwesaaunsainisiasuwlasnsiivsslovinaun iuivgn
Fralnanaunasgnivdeuduiuiliinagusiu vinlilinuilinadusiuiosas 53.94 uaz Wuiivh 28.56

1%

waziuNdu q dnsovay 17.7

wunugndlwawingu (50%)

400000
300000
200000

100000

PBuumznau (fu)

a.A. AN, a.a. [SARJ w.A. FARJE n.A. da.n. n.g. 7.0, .8, 5.A.

——————— A2 2016-2031 A2 2032-2046 B2 2016-2031 ------- B2 2032-2046

JUN 7- 20 WSguiisuusinameneuluaniunisalnnunuandrluawings (50%)

"y
4

N3U7 7-20 Tugaunsalniunnisugniilnadesdmivingy (50% ) wuirinanenay
Mmnnaaieduluginfeuiueieu (352,800 fu) Meldanunisalnisiudeunlasanmenieuuy

A2 T ..2016 - 2031 uazUuungnoutosNgalutpauunsiay (0.00 fu) aeldaniunisainig
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Wasuwladan neInAwuU A2: 2016 - 2032 ngldaniunisainisiudsuluasaniweaniekuy B2 U

A.A.2032 — 2046

v

wunugndnlwaanas (0%)

350000
300000
250000
200000
150000
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50000 SN

PBuunznau (Au)

A, . a.a. [SARJR n.A. FARJE n.A. da.n. n.g. f.0. .G, 5.A.

------- A2 2016-2031 A2 2032-2046

B2 2016-2031  c-eeee- B2 2032-2046

3UN 7- 21 Wiguwisuusinamegnauluaniumsalniiunuandrilneanas (0%)

%
6

3Tt 7-21 luanumsalitiuiinisugndniinaidosdnianas (0%) wuirTuumenoud
snfigaiindulutiadioutueeu (307,900 fu) meldanunsaimaasuuasanineniaiuy A2
U £.1.2016 - 2031 wazU3uunzneutesianluldeunnsiau (0.00 du) neldaaiunisainis
WasuLasanweInALUY A2 2016 - 2032 meldaniunisainisiuasuilasaniwernAuuy B2

A.A.2032 — 2046

ﬁuﬁﬂgn%’wﬂwmﬁuﬁu (80%)
400000
300000
200000

100000

FBuunznau (Au)

0 L ~

A, AN, fin. [SARJ w.A. FARJE n.A. da.a. n.g. 7.0, .Y, 5.A.

_______ A2 2016-2031

A2 2032-2046 B2 2016-2031 B2 2032-2046

[

UM 7- 22 Wiguwiguusinamegnauluanunmsalniunyugndalneaivg (80%)
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o

IN3UN 7-22 Tuanunisaliunnisuandnilnadesdndinudiy (80%) wudnUsunamenaud
wngaintulutinfeuiuetey (374,900 du) Meldaniunisainswisunlasaninainiauuy A2
U A.A. 2032 - 2046 wazUTunungnautasfigaluheuiiuiay (0.02 du) n1gldaniunisainis

WasuLUasan e ALUU B2 U LA, 2032 — 2046

wunugnlduadiusu 53.94%
400000

300000

200000 //\
/(\'
100000 /
O —

a a

i.a. N, i.a. b.8 n.A. 4.8, n.A. d.a. n.8. f.0A. n.8g. 5.A.

JFUNUAZNAU (A1)

e A2 2016-2031 e A2 2032-2046 B2 2016-2031 B2 2032-2046

JUN 7- 23 WSguisuusinamegnauluanunmsainiunyanldnagusiy

31N3UN 7-23 wuddSunamgneununiigaiindulutisfeuiueiey (322,300 Au/ifiou)
meldanunisalinisilfguiasanineiniAwuu B2 U a.a. 2016 - 2031 wasUSunungnautiosdian
ludaunun1ius (0 fu/nen) meldaniunisalnmsiasuwdasanineiniauuy A2 U a.a. 2016 -

2031/ B2 U A.d. 2032 — 2046 waztieuiuiny (0 duaiew) meldanunisainisidsuulasann

21nALUU B2 U A.A. 2032 - 2046
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I3

a

A191497 7- 10 Wisuiisudinanznauluusaraounisaimsisuudaanislivsslesinfunmeldaaunisainsdisuudasanngienne

anm . e " R U3unausau Gy
- ﬂ"lﬂ‘l!U?SI?J‘UUV\Wu 1.0, N, 1.0, [SURd] A, e n.A. a.a. n.8. .. W8, 9.A. -
i /%)
Fralwawiuiu (50%) 0 080430 |a39 3,723 113500 | 208,600 | 205000 | 352,800 | 144,900 | 959 110 1,110,460
> P
5 drilnnanas (0%) 0 059850 | 550 1,895 93,880 181,900 | 205200 | 307,900 | 124,800 | 1,158 141 977,274
N
o
& Frilnawit (80%) 1,196,349
o
S Tsud 53,909 Tl 0 0| 97650 | 302 5412 132,500 | 202,700 | 234,300 | 370900 | 151,600 | 854 92
28.56% fdun 17.7% 1 0| 20 1,493 395 103,500 | 192500 | 218300 | 313800 | 121,600 | 498 50 954,178
dralwawiiiu (50%) 123 223 | 324 1,373 2,802 132,700 | 199900 | 197,000 | 352400 | 146500 | 2,751 332 1,036,527
>
2 d1alnaanas (0%) 125 189 | 235 706 1,426 111,500 | 202,800 | 168,200 | 307,600 | 127,000 | 1,986 361 922,128
o
» > P4
g Frlwandisiiu (80%) 121 239 | 390 1914 4,030 153600 | 231,600 | 218900 | 374900 | 155700 | 3241 307 1,144,942
& IsfEudiu 53.94% Unldl
28.56% fdu 17.7% 121 172 | 219 689 1,273 110300 | 203,000 | 170,100 | 308,200 | 124,000 | 1,186 214 919,474
dralwawiiiu (50%) 18 1)1 14 2,317 123,700 | 304,600 | 208,500 | 310,600 | 85,970 957 93 1,036,770
@
P F1lnmanas (0%) 22 1]2 14 1,099 103300 | 262,300 | 181,600 | 270,100 | 73,730 987 120 893,276
o
N . 2
2 Fralnaiindu (80%) 1,140,270
8 Vi 53 949 Tt 15 1]2 14 3,331 143600 | 343900 | 227,400 | 329,100 | 91,900 932 76
28.56% fidue 17.7% 93 1)1 16 923 96,730 258000 | 197,200 | 322300 | 93,490 1,454 108 970,316
@ dralwawiudu (50%) 2 0 14 1,451 72,690 215500 | 197,700 | 207,800 | 64,140 893 89 760,279
N
5 Frilnnanas (0%) 3 0 16 730 50,820 188,700 | 201,500 | 211,500 | 49,190 908 112 707,479
%
b o 2 X
& Frlnauindu (80%) 1 0 14 2,006 86,950 210200 | 222,800 | 222,100 | 70,440 867 75 815,453
el 53.949% Unlsl
28.56% i 17.7% 2 ofo 13 590 51,360 184,000 | 196300 | 207,600 | 45,760 77 99 686,495
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25197 7-10 wuhmsBsuulasnsldusslesiinumuaniunsainnsasiuiiugn
STge o LLazamumizﬂmiLﬁmﬁuﬁﬂqﬂ%ﬁ[wm meldaoun1sainsUasuLUatan e INIALUU A2
uag B2 agliUSinunzneutniigade 1,110,460; 1,036,527; 1,036,770 uay 760,279 fu / U uay
1,196,349; 1,144,942; 1,140,270 uaz 8151453 /A mud1du wazilovhnisdasslsuiaumenou
Tuaounisel nsandiuauiiufivgndidssdnt uar aonunisainnsugnldBusu 53.94% Uils
28.56 % wagfivdug 17.7% neldaaiunisainisidsuulatanine niauuy A2 wag B2 9¢lv
U‘%mmmzﬂaﬂuﬂ%mmﬁﬁﬂﬁqm Ao 977,274; 922,128:; 893,276 way 707,479 ¢y / U way 954,178;
919,474: 970,316 Way 686,495 fu/d mudwy Fawadildannisuseidumenuusiass wanslidiu
dwLﬁ'aﬁuﬁﬂﬂﬁammLLazﬁuﬁlﬂqﬂi’f’lﬁimeg&JQé’mﬂLﬁummﬁu Usinamznouasiiuunaniiutuduiy

Weossuitsuusuadivinfuusunansneulaeldisnis linear regression Lt
anuduiusszrisinadwinfuuinaeeneuluynanunisaimsiasundamislissloniday

Meldanunsalgionniakuy A2 uay B2 Aagun 7-24-7-27

it S W ) R gy €)
ATYILsAIANUSUNUS SERINaTLEY nvlusnInMaS YIS s siuay
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AMMALUY A2: 2016 - 2031 UasHuims IMALUY A2: 2032 - 2046 WALVILTIMS
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400000 400000
° - t
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a20000
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2 200000 R*= 08994
o 5 1 150 2 25 3
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JUN 7- 24 nymuansianuduiussenisinaiviuagaenounieglaaniunisel n15Asiuinag

Ugndnlwadesdng ( n) A2: 2016-2031, (1) A2: 2032-2046, (A) B2: 2016-2031, (1) B2: 2032-2046
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AARNUIIN N

A1 buU<denshy(gAjn3)uasﬁawm%iﬂuau

ID GEYT Fregnadi | Elevation (m asl) | 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
13-3 1.65
902 4 21-1 1,151 (= 2) 1.31 12.4
(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
4.1-3 1.31
8 4.2 -1 1,322 (+ 2) 1.33 15.83
4.2 -2 1.45
42-3 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 GHYT Fregnadi | Elevation (m asl) | Bulk density (¢/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
(7 7-2 1.74
7-3 1.75
104 12 8.1-1 652 (+ 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
8.2-2 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) 121-2 1.30
12.1-3 1.26
19 12.2-1 1,399 (+ 2) 1.23 20.4
12.2-2 1.27
12.2-3 1.19
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ID %quﬁ §regnsdi | 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
24 142 -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
144 -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) 171-2 1.74
17.1-3
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ID Mquﬁ §regnsdi | 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
17.2-3 1.94
31 17.3-1 550 (+ 2) 1.53 4.3
173-2 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
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ID GHYT §regnsdi | 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) 42 213-1 815 (+ 2) 1.45 22.2
21.3-2 1.72
213-3 1.61
43 22.1-1 1,043 (+ 2) 1.47 24
22.1-2 1.40
22.1-3 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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NSASNDULTUNNBATUUNUNGS UANITUTEAUAUNUUASHAADLUNUABIUANENS b
Usslenuynny uSInaNiLlwaN Aaudndadlns
Reflecting Context of Highland Agriculture and Estimating Cost and Return of each Landuse

Patterns, Mae Chaem Basin, Chiang Mai

UNWA BFUSAT UAS UIDAAT DRATUIA’

Noppol Arunrat and Nathsuda Pumijumnong*

AUEANLIAADNUASTINE INTAARNT NUINENAENTAR WuinuaAsigy 73170
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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Wla 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 7 265 614 542
- 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 1,670 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 23917 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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