UNANED

[
& o o a

Jagminmsyhmsinuasiagvuenaiuluiuigadulgmamindniinannmsiniasendan

o

1 A

yansineas nMsAnwilingusrasd 4 de fie 1) ileUsyliuuseansawnnsTduslovdfianulunns
Ugndnlnadssdnd/Anlnawdaiug wesinunssaunaiy 2) Woussuliunandnuaznsgydos
a3 (lulasiau wagvleaesa) aeldaniunisalanimgienialusuian meuwuuiiass EPIC
(Environmental Policy Integrated Climate) 3) Lﬁaﬂimﬁuﬂ%mmﬁﬂmLLawzﬂamJam,wiangLLUU
msliusslemifiduneldanunisalanimgionnialusuian seuuudiass SWAT (Soil and Water
Assessment Tool) uag 4) tiediaswviuloungvesigurafismansenuvesuiazulouissoinunsns
fuidnwife quiusiudy Sanindedu ndudmine Ysznoude inwasnsiugnimilnaissdng
Frlwandaiiug uagnisnunsuuunaunay Tnsinwnsnaunalunsinl vnedassuy

[

A ~ ' a X I & Ao ) & A a do
nsineasfiinsmnzugnitvunnndy 2 sladulvsgluiiuideriulaeduiinasugiafididyua

ee

inwnsnsienvgniuguunuaugy wuudiass EPIC Tdieussiliunandadilnadesdnd 4lnawan
Wug uavinunsraukay wazn1saydesinens (lulesiau wasvleanasa) neldaaunisalann
pilanAluauinn AUYU KaRRUWNY kazN1SUaAYaREELTaUNTEINIINAITINLABLINTAAN IS
o o =) Ql ! 14 saa a a 901 ]
nsinwasinsAInkazsiUssuisuluidaznislduselovunau n1sdssdivduudviuay
nenou Yadwiarsukuunsiduselevinauy agldanunisalanimgiiennidlueuienyseidiume
o v o & A ¥ =1 v & Y < v 6 ' a
wuudnaes SWAT angleinisdnaes 4 anunisal fe Ygndnilnaidesdnd/dnlnaudaiug windy
v & o ¢, v ] o ¢ v & o ¢ R A =1
(50%) InilnaLdesdn/Ilnauaniug anae (0%) G1ilnadednd/Alnauwaaiug WLy (80%)

uaz Ugnlsiadudiu 53.949% Uil 28.56% uariiwdug17.7%

Han1sAnwanImAsygiadenunsainisugndlnadesdnd Tralnadaiug waz tnwns
HANKNATU WUITNUTILNEATNTTUEIULINDYUDNTUTVAUTENIU TTUIUATUTBUTENING 2-5 AULAY

WINNEA 6-8 AL Fa@18ANUNINTEA 31-50 T UseansaunsAnuseaulssau@nwidiuuin

[

Usenaue1dninuninssy Ysennsiiniséhedulidunn Arldielunszuiunisugndnilnadesdnd

s

T1IINALUAANLT UaNUATHALNETY UTZNOUmBAITITAY ANAsEuAY ATANITU1 S1AUAANUS

)

1 o0 v w A

1Y 1+ 1 <@ a a 4 v dy v 1 !
ﬂ’]"ﬂ’]\ﬂ]@ﬂ F’TTIJ‘EJ ATNIANIYNY ATLAULAYINGNAR Gl‘ld‘V!‘L!“UENﬂ'ﬁU@JﬂsU’]'ﬂWﬂLﬁﬂﬂﬁﬂﬁ@%i%‘w}’]ﬂ 1,987-

4 1 1

4.071 vw/ls wanAnRABIYNINg 876-2,083 nn./ls fuyutlnewdniugegszning 1,071-3,520
v/l wandniade 800-1,852 nn./ls FUYUNYATNAUNAIWBETENI 5,084-30,564 U9)/15 wandn
\aay 670-8,350 nn./l3 wazwilelSeuifisu B/C ratio WUIMNSUgNINYRINANKNAUIAWITY 2.04

FaflanuduyuunnIINsUgndmnauaniug (1.94) wagdilnadesdnsd (1.74)

Vil



AL LU BIASUaLTiazanTufy (soil organic carbon density: SOCD) Wu71
SOCD ﬁmmé’uﬂ’uﬁm%qmﬂﬁuizé’ummqqmﬂﬁmma USuneu Clay, Soil moisture wag
Exchangeable Potassium uaznuaandnvestilneissdniuazdrilnadeiugiionuduiudide
van SOCD UenAENUIN SOCD YeasrUUNYRINaLRa U Ingaindt SOCD luduvestnilng
Aesdriuazdninaudaius duiumavsaiuBinucandavasdnalnaisedn/dnawde
wugaeldnisiasunlasanimaiiennia freuuusiass EPIC wuimsidsuudasaningionnia
meld A2 scenarios apstisadssansznuludindeusinuaandadnlnedssdai/Aing
widnsug lumanssfudrunadeunlasanwgiionnanield B2 scenarios fapsiaiiadsua
nsznuludvaudeviunumanandnTnadesdnd/Alnamdaiug 9nn1sUseiudninaveanis
LU?{EmLLiJaaamWQﬁmmmiaﬂ%mmmamﬁmaamwmmammaméfamwm"ﬂam EPIC Wu31013
Wasuuasanmgiionnianield A2 scenarios aastsiadmansenuludsuandousinananas
Frlnadsadnd/dnamdaiug Tunisnssfudiunisudsundasaningiionnianield B2
scenarios TapsasandwmansznuludvaudeUsinmnandndilnadssdn /A Tnamdaiug
Turasfinmeldnsidsuuasanmgfionniass A2 uay B2 %1 2 Franmrdansznuludsuinse
USinamandnvosiuns uay dundes n1sgadesinevnstufiu nuiinunsgadshiasiou
warrloare SaluitufinunsnaunaiutiosniuiiiugndnTnadesdn i/ Anlnawdaiug Hily

anunsaidagiu uarnelianiumsainisiUasunuasuesaningiienn1ang 2 scenarios wagya 2

394387

USuun15UanUaneiei3ouns¥anaINNIT G INTAANINITINYATNUIIUTUIUNS
vanudesfadounszanainmawigindrilnamidanis (67%) ganidmlnadednd (17.89%) uay
INYATHANNEAIY (14.82%) MINAINTNUTIIUNTUanUaaeMelTaunT2aNTIMIINNSHITIN TN
MainensTesuaangslsiied Unsfiudusthuius winnass wifns dwns> neswun>uslunn>
udnmans>tafs uaglinunsvanUassfnuieunszanndanisiiuifsiituduns uagduiu
aundnluaiSeuiidvinaisavse Usununsanddesfitndeunsranuanfuiisstladeoido il
aruduiusesnedifoddamieadia anmsinwdaanssnuseaunatn BnutviuazUSuna

o o A

aznaunglaaatunisalnisiasundasnislduszlesunaunuanansiulaglvnnudifmyinisine/

anasvesiiunnsUgniminaiesdnilaefsauyfiziu 4 wuuhe dnsidsuwdasivunlgninalng

windu ¥ewaz 0 fovay 50 Sevay 80 uay Ugnlifdudu 53.94% Unlsl 28.56% uarfivdu 17.7%

viii



“Uax‘iﬁuﬁﬁﬂﬁﬂ(ﬂﬂ']&liéfﬁﬂ’lﬁﬂ?ﬁﬂjﬂ’liL‘LJaEJULLﬂﬁQﬁﬂ'IWQﬁE]']ﬂ’]ﬁLLUU A2 Lay B2 A18uLUUINaes

SWAT nan1sAnwmuinesnusenauvesaunain@elaunannasiuvesanaislusiazesausenoy

(% (% 1% (%
o

UMY + WIINMsranude + dilvaduasgiiuina - msgadeannisivady wuusunu

(% '
a

Wedgauavesan1un1sainisann1sugndilne (Yralweanas 0%) waznisugnlddusu
53.94% U1lil 28.56% warivdue 17.7% Wusuianivinadelunng nmswdsuilasanine1niasi

ninaaunsalniinisugndlnaliugy (50%) wagnisugndnalnaliiudu (80%) n1saanisuan

A A

13l (T1ilwnanad 0%) uazn1sugnlidldudu 53.94% U1l 28.56% uaziivdus 17.7% wuiinis

1 [

gadeannisaesemegadu msaldiafuainmudisnniu uasiivaduasguiuiaauinduni

Y

an1uNsalniinIsUgnUnlnamiLay (50%) uazn1sugniilnaiiuaiy (80%) Leea1nanIunsaii

1% [N
A aa

ﬂ’j -dl 1 ¥ QI é’ = YN v 1 v = d‘ 1 dgl g 1 [y -dl 1 6
wudliiudy vieligudu Yilikasivdus wdrliaeunlutanaisiuiiasndnaniunsaliuini

Ugndnilwawinfuvsediuiuidu 80% wazduldlugdievzaenisivaveaiduwiliiianisivaas

(% [ [

AU Wz lradunuinagelu nan1sdnaeslsnanznauluanunisainisandtuIniiulan
¥ -d’l v [ 3 4 ¥ ¥ 1 b4 A -dl ¥
1889807 uaganun1sain1sugnldduiu 53.94% Ul 28.56 % uaziivduq 17.7% aeld

anun1sainIsasunUasanwenniauuy A2 waz B2 TiuSunamsnousigauansliiudndlofiud

1%

Uldlanaakasiunuandlnmagsdn ity nTIuUSUNUaE N UL ALY UUAY

Y

Yoy luiuidnwinui 1. unaadl Amu@eInIsiseaiufe e erafvihludrieanan

] < 5

Uszumyunu meesdai dhetidu Useligiun YSudgesenaiui aeased a1y deduil ve
v @ H o A 1 1% oA al v - a
a8 uazdaiui Maiienisinwasludugauasiaziiiiegulanuslaa 2. n153nn15i5eennu
weurenfaunisuntelgyynauirfuegludagdu yndedesriuedusgaasedddunisuilataym
d' a o a [ ! Y a [ 1 a a - ! <
Seenduiiuludeedlngagraunase msedsluiuleuiensusunauienunsnssuegiadussuy

WBN1INTLA19N1TDDATINAUDEIMTUSITU TReNISITUInTA1IsratsuInTA1ITHSautulun 15wl

a

Jamlaseadranisneasesnaundusy Asn1sufsunaulsesuvutiialivuvuiidiusinlunisawa
v Y Y 9 9 Y

IANININYINTAAY N13IAAITUIASINENITUZIUNAUY N1391ANTTTRATEMAN TINEINITANATES

[ ' '
a A

il ‘1/1LwamwmﬂﬁwﬁqLﬂuﬁugmﬁﬁﬁ@umiLLf’ﬂﬁui’jzymﬁaa‘ﬁ'auﬁwﬁuiﬁﬁ’musnnwlﬁashaé"ﬁu
3. madgniiefimnzautvanmgivszimasazglennasnimaiafizsesiunandn Jolauouus
masmuuloueiiietosie 1) ulsusuazunuiuililagnnsdansiFesinu msaiunseydng
waznslivselovdanninensinliuazanumainvaienistinmediededu Snwmnuaunaves

szuuiln ngwimslunsufsussuunisdanisninenns Meluseduiuiuagszauuleungiiiol



Anenudnlasiuiuremnauludinuuasidugusssy 2) Wleuisuasunuiunisinuns Ay
nsaseanunsedliuniinunsnslumsiullowasUSumrensiuasunlasaningiiennia snwadn
TUAMNDINIS neanzdnsulssrinsikazaiuseuniinglites duasunisinnisnaulunia

N3N AT 1TUTEAVEN N @0nAReIRUANENIN WALIlANUANAATENININITNANDIMITHATNE I

'
A

duasunisinunsiilulinsredauinday 3) NTTULAADULNULLUNTBISUNISIUABULUAIAAIN

Qie1ne W6l 2558-2593 Huiguuiuduiuddnenmiluwasiniiuasveulaeanledganiiuas

(% ]
Il A

Uanddesfinmisounsean wleuigaunisguasnuvilivaznisugninluiiuiideulinsudnisiss

a

Atiuns 4) mMsldasesdionaAsugaans u1nsn1saanyuInnIasaeiteuluninilunisda
sunRulimunzausenislduselosunfuuunuias waznannisanuaulanazaiouazniseousu
Tagianie WTP (Willing to pay) vasnunsnsileguaistivesiunguiiuaiuiunuinnumsniiende

agusUaMeusdiauBuAnIz I emsTsulledlviuyanaiofeeg ushadulasnatah

o |

TuvaugiAgiiu WTA (willing to accept) vaainunInsiiogauuinunsnsllduanazsurvavense

Amauunulag esininensnslunuiiduiiinisagnanniuinnudlawasanudAgyves

o W v 8 ] v da aa ° v Al o PN v =
V]iWEJ’]ﬂiTJ’]G]uu']ﬁ]"lﬂEu%ﬁ?uLLa36U’]'J‘U"IUﬂSu@mﬁ]gwqwquIUﬂqiaLLaiﬂU’]Nu‘quuquLuﬂgimm

a Au

AmauLNUla 9 us WTA vadnunsnifiegnansindudsuluaivayuiasydismdoaninensninet

' (%
] [J a ' o

Uanew dednfiunsmuuleungeusniiduiiuasluyauiuiway egslsifnuasnsailnglu

a ad a A4 A 1 v oo oA

Unadiliguinazsumwaaiiiouaniunisasilaiviniuvs efegenduduilosnaindagdununsns

Y

a & doa A & v
LWa@WUWWWﬂu@EALW‘UQLaﬂu@ﬂ

AEARY AutNLTY T1IINALEENERT LNUATRANNATY NISWLAYEINTAANINNTITNYAT N15gade

59013 USinaniviuagnznou Wuias



Abstract

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

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

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

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

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

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

periods.

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

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

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

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

Nutrient losses, Water runoff and sediment, Highland
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