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ABSTRACT : In responding to climate change in the agricultural sector, Climate Smart Agriculture (CSA) is an approach to

establish a sustainable agricultural system through comprehensive management of technology, policy, and investment. The international

community is continually expanding CSA implementation, and it became more important to understand the status of the domestic

agriculture system and practices that are relevant to CSA. This study explored the available CSA in domestic agricultural systems

and presented the order of relative importance of CSA technology. AHP analysis is employed for the evaluation with the following

criteria: productivity, marketability, adaptability, and mitigation. The relative importance is evaluated with six agricultural technologies

(soil, crop management, water, energy efficiency, alternative energy, and precision agriculture) in 28 agricultural technology sectors.

The results of the AHP analysis showed that ‘alternative energy’ was found to be a top priority among the agricultural technology

sectors, and ‘shallow depth drain in rice paddy’ was a top priority for agricultural technology. Also, the ‘marketability’ in soil and

water sectors, ‘mitigation’ in crop management, and ‘adaptability’ in energy efficiency and alternative energy were given higher

priority. The results of this study can be used as a good source for strategic CSA preparation and application.
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Schnetzer, 2018; FAO, 2013; FAO, 2017; FAO, 2019b;
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Lewis & Rudnick, 2019; Sova, C. A. et al., 2018; World
Bank, 2018; Zougmoré et al., 2016). 7]|FEAOIES
(Climate Smart Agriculture, ©]5} CSAYS 5JEoF9] 7|1%&
Ho} g5 Weto s ALY 3, 715Hel 48, 247
& 5SS BHE S, 3ABAME AL, AR 24
< 1E3te HolA A&7ks Y, =9 5
71E9 s JidsEdE 9ERr dAmde TR
(Batchelor & Schnetzer, 2018). J1&]1t CSA= ZHEZ 9]
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2019b; skt 9], 2016). £ ThE CSAS] 542 54
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T I(Trade-of)’& &3t ZolohEhe-+ <, 2015;
dFoL, 2018). FHoME A BiHdS &0l 7|FH
3t g5ty {8 AVIeEFA 59 =g siea
YA, AEA o7 Yibdi} 7]l 4oks FAlo] 1L
Hote A2 GA 7] Hwol SAAEE CSA J2 %
Alof] B8 FEs5FaL ITHFAO, 2013; FAO, 2017; FAO,
2019). HohF Q016 B FF. 71FHS B
W27k goh gARe] A AHA CSA ZHe e
Ul ot 9719 I9F € 54 JiEoE A
AIBHAAL, HEEAHIE(2021)2 HAZ Al2dHE SHL
T CSA WHoIA9 #HelZ Hrlskqinh AT ALY &
& T, AUA T BoFd Ve FHoE AUARt
EfolEox HAE AFHE tE F&d] v =ui
A= Addor ule =35, CSA A8 W Sd9&
Al vy S0kt CSA 7]&ol gt AET}
ggsitt J2Eg 2 dois g 59 A%l %
= CSA 7|&9 fA=HE Arsks As 4oz o
t}. o]= g5 22yt CSA 71& e U B4 4k
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20219 1149 =5 SHLAL00A AHFE 7| SHIFFF
FAFEE3](Conference of the Parties 26, COP 26)0f|A1= 7]
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Sl 2kt Akanoa et al., 2018; Batchelor & Schnetzer, 2018;
FAO, 2013; FAO, 2017, FAO, 2019b; Lewis & Rudnick,
2019; Negra et al., 2014; Sova, C. A. et al.,, 2018; World
Bank, 2018; Zougmoré et al., 2016). =A|Z 02 CSA 7|
$2g 2 AL Al o AT AT A=
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AR BUN2H] S Gt oy Fakg BHo
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£ 5 A FUAAH] AAAE afssion,
Lewis & Rudnick(2019)= Z2|Zo}o] CSA AlFE &
8 &1AQl CSA AZFS AA|5FITE Negra et al.(2014)
ey, o esel, RAUE 379 CSA A8 A
FHO0E CSA ZAL THES Aot o, Sova et
al.2018)= CSAS] 384:9] A|YA] & A Z Q1 A-GAL
a7fsHHEA FAlo] ofze]7t, opAlot, FEm], 7HHE
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g5k ESE Akanoa et al.(2018)2 CSAZ} Uo]
Azjote] 9 Al vlAL 7| Fs} 3, Ash @
Hg WS BATORA CSAY J1% R B mijol
sl B7Fl o, Radeny et al(2018)2 A|&7153h T
71& 7HEe] ool tis] thEH CSA 7]&9] AUA]
4 Efo|EQxo] tis] =9J5}3th. E3F Zougmoré et
al2016y= 5 9 FAHEoRe] CSA HIEZ HESH,
FAO(2019a)= UNS| 2|&7Ks3h 7jd EH(SDG)?} CSA
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Rt

=] B% dFoH2018)= CSAQ 7Hd¥ 542 4
NeHAA, 71& 54 7NdT CSAS] 7Ig3 Zol& AlA|
StRoH, ol d&AGEH2016)2 CSA /NEF F22 Al
AISHHA] E-olHA]-A1F] YAMAA Jg =Y HRA
= AASHAE. Aot Q016)= APFAFE 7IHte R
CSA 7|& HEHE #5513 2H, CSA 7|&4-8 AH
£ meobslr] Yol 57 e =E CSAo] thgt <14 ¢
Ao tiet AE RARE HAISIIT E]F AHP 24
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TE(2021)0] CSA TOA AA| A[HY| ¥ HZ AlA
= Bl F7H o2 o]FA&F27(2017) 7]
Hol 32 fIR TAECF % RAPOIA CSA -
=A7179] AT A B2 AESIIH o9
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U s AR LT A HEF CSAE 8 9
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AL 3 CSA A3 s7kell digh dv] FA; 5ol B85t
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thgskt £, 2016). ol5 9o WA FW CSA 7]&o|
st A AE7F AdP=|ojof 5, CSA 7|&2 &
ARlEo] H8ot7] 8olgt V&, J& ¥ 7|& Tt 4
71% 7Rl gt A 4 7hsAd, I8l CSAS] S
8 ERAYAHY, 7199 28 E Asho] Filoks 7
< TEHO= Toto] F7ME E= AFE Ao &
Al AAsofF SHHFAO, 2013; FAO, 2017; FAO, 2019b).
SUlollA= Feht 21(2016)7F CSA 28 A AE ¢
3 S s7HeE e CSA 7|& ASEE mets
2 SRR B B ey A4 E FHH £
AAStR o, HE7HE ddoRE W HESE CSA 7]&
= AR A= FHelA FEAsith & AfolA=
CSA 71&9] A& o), A4, A, 715Hst A&
4 a1 SsHdE 1Este] B ARA, AdFAE E
e FEVHE e R A 5 Ao E= CSA 7]
&9 ALAE AAISEAL gt
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F71&8 7P AL BARAEA HHTEE A4
Slth. A A&EE5H(013)2 AHP #4539 5%
A AT SARAE AAlsHoH, A8
2J(2005)= s FAFTHo I FAENE &F
o}ttt  Khatri-Chhetri et al.(2017)2 415 9]2](Stated
Preference, SP) ZAME &3] QAT HHUAES 7|TWHs}H
AL 71459 AZE 9D REJALH(Willingness to Pay,
WTP)S Z=&5t0] 7|3RIst 23 7|& SAEAE AAl
SFAAL, et 2J(2015)= AHP 7¥< ©]&5to] 5PF
B9 247IA E7|E B7EE AT 49 SAeRE
AR 291, 244 891, 71&e4 89, A=H 82 +
o= TESIth £ doAe 459 AXE AT
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2 die FU HE 7hse 71T AUESY(CSA) 7
=9 A9 AAE st AHP EA471HE E85H3
o} H7F il CSA 71&9] BES +435H] s U
o] 7T e Easde), 7I1THIIA S |e
4 AnEFY 7EESE ARH 181 HE 2J(2016)
HiA 5 Iy A2ES HESIYOH, 1A8o=2 F
637 71& HEZ AEoiith. 18y AH|nE 7|§ke
2 of= AHP7[H2 A9 fiQto] B A 4t ¥
obAAl Aol W2 §H FE IE F UE 7HsAol
EOHR BRI 9, 2021; B 9], 2015; £71F] 2],
2019; Brandt et al., 2017). & AFojA= APAL HE
ot AE7F AHEE S =W & Aol YW= CSA 7]
=2 Adsks 2GS AR I e S W4
TEoP] s FAFoR FUY 7edd ARE HE
St 59 71& EoF HEVF AEE S 3 H8ol
golotA] AU, WollE WAl 5 2A7A IS SHo
A Z3rE A S Aoz wHEE Ve A5k
o} FHoE Y 5& AT CSA EFo| Hilol=
CSA 71&g Addills Aol A+A NP 2435t
517] {l8) 7to] 7|& B HRPE AAste] AES 9T
AR7IIA 71€EE CSA 71€9] A8 8o, /T ¢
St ThsA, AR, 2AVEA % a3t] o A
£ FosteE silch olHe #FE B HISHo=
28709 CSA 7l&S AAsion, dd 7es2 EY
Bof o/fl, /N E FEHE] Hof 57, &5 Eof 4
A, olvA && 9 A3 Eof 47, iAo AqA] Eof 4
A, Fdsd EoF 571 7|2 445t AHP ASH%
A7 GdAfAE Table 13} Zo] A HA FIIFEL =
F7le £oF, F WA HYES s@7IeRE HAct
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Table 1. Evaluation Level for Climate Smart Agriculture (CSA) Technology Prioritization

Evaluation Level 2
(Agricultural Technology)

Evaluation Level 1
(Agricultural technology Sector)

Cultivation of Green Manure
Use of Biochar
. Nutrient Management
Soil Crop-Livestock Cycling, Livestock Manure Fertilize and customized liquefied Manure
Customized Fertilizer based on Fertilizer Use Prescription

Homemade Liquefied Manure

Environmental Adaptation Growing Plant

Crop Conversion
Development of Variety and

Crop Management Changing of Sowing Period

No-tillage and Partial Tillage
Mulching

Intermittent irrigation
Shallow Depth Drain in Rice Paddy Field
Water . L
Water-Saving Irrigation

Establishment of Facilities for Optimizing Water Use Efficiency

Multi-Layered Insulation Curtain and Thermal Tunnel Automatic Switchgear

. . Water Curtain and Circulation Waterproof Facility

Energy Efficiency and Savings . .
Agricultural Heat Recovery Ventilator

Heating Energy Saving Technology using Local Heating System

Ground-Source Heat Pump
Air Source Heat Pump
Agrophotovoltaic System

Wood Biomass Pellet

Alternative Energy

RPC Grain drying Heat Source Replacement system using Rice Hull

Early Warning System of Natural Disaster
Digital Soil Map
. . Agricultural Drones
Precision Agriculture . .
Yield Mapping
Agricultural Sensors

Energy-Saving Facility Environment Control System

StH U} AZ2L v|ush] YEiAs FrlstaAr 5= Sustainable Intensificationy~= 2018 11¥€ 7§&3F Z|<&7}
P20 B0} B Uehd & 9t 7lEo]l BRal 5% A Wrh Eeol9la(Susinable Intensification
H, & A= A7 CSA F7F HHES AESHA Assessment Framework, SIAFYE &3] A]FQti ST A
T} World Bank(2018)F CSA 2] Z|<(CSA-POL), CSA AR = Qe AREEY S TIEs A AR, AA

Py

71& A8 A|4CSA-TECH) % CSA Z7} A%
(CSA-RES)2] H7IAEE AAISFH L H, FAO2013)= ¥l
=+ 9 7o) %, A8 HH YA wiske] da w©Ey
A AAR o] Ay, A=F AT @ AE|ALl HHE
23, Ford 4 9 Brre wE Ao dig 7
gE2 ARE AQMeIAch E3F A& 7S ASE 9
St w)g] &A1l ALA(Feed the Future Innovation Lab for
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=
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Table 2. Definition of Evaluation Criteria

T 71 AEFA(CSA) 71&9] A= 24

Evaluation Standard

Description

Receptivity Feasibility and applicability in the farming community
Marketability Ability to achieve potential in growth and profitability in the market
Productivity Ability to increase productivity without harming the environment

Mitigation Ability

Ability to increase carbon sequestration in soil and atmosphere by mitigating greenhouse gases

Adaptation Ability

Ability to increase resilience by building capacity to adapt to stress and risk in farming

Evaluation Level 1
Evaluation Standard

(Agricultural technology Sector)

Evaluation Level 2

(Agricultural Technology)

Crop-Livestock Cycling, Livestock Manure Fertilize and customized liquefied Manure

Cultivation of Green Manure
Use of Biochar
Nutrient Management

Customized Fertilizer based on Fertilizer Use Prescription

Homemade Liquefied Manure

Environmental Adaptation Growing Plant
Crop Conversion
Changing of Sowing Period
No-tillage and Partial Tillage

Intermittent irrigation
Shallow Depth Drain in Rice Paddy Field
‘Water-Saving Irrigation
E i of Facilities for Optimizing Water Use Efficiency

Multi-Layered Insulation Curtain and Thermal Tunnel Automatic Switchgear
‘Water Curtain and Circulation Waterproof Facility
Agricultural Heat Recovery Ventilator
Heating Energy Saving Technology using Local Heating System

Ground-Source Heat Pump
Air Source Heat Pump
Agrophotovoltaic System
‘Wood Biomass Pellet
RPC Grain drying Heat Source Replacement system using Rice Hull

Soil o
Develop of Variety and | |
Crop Management
Receptivity
Wat [
Marketability ater
Productivity
Energy Efficiency and
Mitigation Ability Savings
Adaption Ability
Alternative Energy W
Precision Agriculture 1

Early Warning System of Natural Disaster
Digital Soil Map
Agricultural Drones
Yield Mapping
Agricultural Sensors
Energy-Saving Facility Environment Control System

Figure 1. AHP Hierarchical Map for Climate Smart Agriculture (CSA) Technology Prioritization

w5l FERAoE Wyl 7|2 284, AR, WA
3, 93Hd, AgHor *éxé’ff}%iﬁk Table 2= H7}7]&E
o] g3t Hol= ehyH, Figure 1S 67H 5A71& Eok

9} 28709 BA7I%, Y WES EdE F4"
AHP AZF2E AAIStaL Ut
2. 43 M

B A3l 2 HE 7153 7| TANESQ(CSA) T
9] SAEE AASH] fsl AHP 245 917t A&

ZARE APk HE2 1) 671 sd71% 71& Eokd
A F2% 9L 2) sd7lE ok wdvIEE &
g4 $8%= 37k 3) F971E 2ok B g
A 8T u—‘l7} w7 T4 }@Oﬂ% 9d AxE &st
of AREILE T A FLES ASctes AAst
Aot A% °WP— 71533}, ?&ﬁxﬁﬂ TEEEel
A, FUEF, ATESY, ol A Fo FokelA 59
710 A olslert we HEF 208& tFOoRE o)
o, AR 3, A7Y 8%, A 6 % FAUS
HEZ 5= A= SAAFS] JE7F 38os FAshglh
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3. 4hiHly E4= S 7ISXI2 2Hd &

A

AHP 7|32 Saaty(1980)°] 2|sf At 7"Ho g E3F
gt FrpES ASShote] ©AE 8QlEo] gt A
H] 7 (Pairwise Comparison)S S3f A& th tQtof o
g oA grpleE B Bt giEd EAE 3
Aol tiete &= © AYsk= WY F stueln oz
2ofo| A-go] 7Fsdt 7o th(Saaty, 1990). YHHEOo=
AHP 7|HE AZ3} @4, 37719 B v, 7H5A
o 24, 7AY & T vl HAE gPHt. o] 1A
2 B0 EEE= TRAE HECeE BE ASY A
ore] o 48l A TR, 2006,
AHPY| 7}5A] A2 71 7 AHid S8 e A
SE8 Uepfs ATHlmE Fote] ool Hrun
£ o] F 84 T A S8 =9 SHEATE St
of 345 7t A 7ISAE F745H, 71 119 A
FanL 029 4 ()3 g P2 el 4 9ot

wy/wy wi/wy - wy/w,

Wo/ Wy Wo/ Wy -+ wo/w,

A=la,)=

wn/u)l U)n,/wZ o u)n/wn

A7 g = 84 jol W 84 9] A 7EA

j ¥
A e
E74o] Aot

S o83t AEAE HsiAE &
o S Ueidle A=l ITA HS(Consistency
Ratio, CR)l| f2Jstofof gt T2t AA] Sl o]

w; s ~ 1 =
of 2AAolet. WY AL a, =& WEIH o
=]
=
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Ao
olo
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Table 3. Random Consistency Index(RI)

1.
Mo
of.
oY
ool
jy

A= olgdt dagdo]l s AAAZ] ofg7] wiEel
= ¥go] dasih dA HlEo] 09
= A2 SEAE T ddE FAIsH
SRS Qulsith. CRS o] 4] (2)
@} o] A4 R|$(Consistency Index, CHE FEZ Xt
oA A& FZ9Q] A4 (Random Consistency Index, RI)Z
e GEOITH A, =B HiH| W B o] |t 11-Rgl(eigenvalue)
(Table 3).

(¢]

crn=YL
RI
A — 1 @)
C[: max
n—1

Ci 07} 140]9] gk ZHAH ghidh dugS A
t 49 082 7HAE Amio] BoA5E glo] Ak
CRO] 0.1 Hlglold Arulit eidel Ange 2
AOR WS 02 oY FS Lol HE3te] A

ZAE Ha% Zo® 7HEtk(Saaty, 1980). & A5t
Me BE SEAY] d34d H|&(Consistency Ratio, CR)
o] 0.1 H|Rkl ZHo = yeht S Y¥HdE ERlstal
TH(Table 3).

1. BRS 1 (59718 =209 3Rk

HAYE @ WAEE FLEE oklet Lok Table 4

Number of attributes(size of matrix) 1

RI 0

0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49

Z}E: Saaty(1980)

Table 4. Weights and Rankings by Field

Agricultural technology Sector Weight Rank
Soil 0.1305 6
Development of Variety and Crop Management 0.1372 5
Water 0.2020 2
Energy Efficiency and Savings 0.1744 3
Alternative Energy 0.2125 1
Precision Agriculture 0.1434 4

132 ==, H283 M45, 20224
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A =2 Eoks WACIAAD #ok= 0.21259]
7HEA B 7RIt 291 8 ZokR HA A
oo} 715X|9] gho] 9 0.019HE olE Brt. 1
2 oA me ¢ 24, A, F5 T 2 &
2 ¥ 2o 2 gE UL ‘B 2ok 71EA
= 013052 7HF 22 ghe 7Pl Ao E4=3I

2. W=2 (59 719l 38k

e F3t 7|&0 & 3071 CSA 71&9]
AE A Aolth. B4 Y FHE 7S 715
TtEEA(CSA)S] 49 7[&2 8 Hofo =
A 7P 7IER ZE&EJoH, 007669 THSA
7M. O ok oux] 88 9 Z7P Hopo] fub 9
£ SR 7)go] 2912 AGE A 39 A
oz Hol9] 4AE o]&3t RPC FEHAZX Y H
A 71€Q AR yeigth 1 g 949 7eZ2+e
85 Bopo] ‘Hpap el iAoy R]T Hope] EA

o > Ax

Table 5= 5U71& ok 715219t £oPd 71549 Hio|oujA HS 7)ol =U A87Fs A 7
Table 5. Weights and Rankings of Sub-Technologies
tech?l%rli:;)lfmsritor Agricultural Technology withir?vtigh;ector Total Weight | Rank
The Cultivation of Green Manure 0.2379 0.0311 17
Use of Biochar 0.1539 0.0201 25
Nutrient Management 0.0824 0.0108 30
Soil Crop-Livestock Cycling, Livestock Manure Fertilize and 0.1427 0.0186 2%
customized liquefied Manure
Customized Fertilizer based on Fertilizer Use Prescription 0.0872 0.0114 28
Homemad Liquefied Manure 0.2960 0.0386 10
A Environmental Adaptation Growing Plant 0.0816 0.0112 29
Development of Crop Conversion 0.1612 0.0221 22
Variety and Crop Changing of Sowing Period 0.1697 0.0233 21
Management No-tillage and Partial Tillage 0.3076 0.0422 7
Mulching 0.2799 0.0384 11
Intermittent irrigation 0.1918 0.0387 9
Shallow Depth Drain in Rice Paddy Field 0.3793 0.0766 1
Water Water-Saving Irrigation 0.2529 0.0511 4
Establishment of Facilities for Optimizing Water Use Efficiency 0.1760 0.0355 12
Multi-Layered Insulation Curtain and Thermal Tunnel Automatic Switchgear 0.1784 0.0311 16
Energy Efficiency Water Curtain and Circulation Waterproof Facility 0.3964 0.0692 2
and Savings Agricultural Heat Recovery Ventilator 0.2255 0.0393 8
Heating Energy Saving Technology using Local Heating System 0.1996 0.0348 13
A Ground-Source Heat Pump 0.1506 0.0320 15
Air Source Heat Pump 0.1986 0.0422 6
Alternative Energy Agrophotovoltaic System 0.1294 0.0275 18
Wood Biomass Pellet 0.2181 0.0463 5
RPC Grain drying Heat Source Replacement system using Rice Hull 0.3032 0.0644 3
Early Warning System of Natural Disaster 0.1111 0.0159 27
Digital Soil Map 0.1784 0.0256 19
Precision Agricultural Drones 0.1518 0.0218 24
Agriculture Yield Mapping 0.2308 0.0331 14
Agricultural Sensors 0.1748 0.0251 20
Energy-Saving Facility Environment Control System 0.1532 0.0220 23
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Shallow Depth Drain in Rice Paddy Field
Becentivity

03

Adaptation dbility Marketability

Hitigation ibility Productivity

RPC Grain drying Heat Source Replacement System Using
Rice Hull
Beceptivity

Adaptation kbility Harketability

Hitization dbility Productivity
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Figure 2. Development of Priority Technologies of Climate Smart Agriculture(CSA)
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Table 6. Weights and Rankings of Evaluation Criteria

Agricultural technology Sector Evaluation Standard Weight Rank
Receptivity 0.1205 5
Marketability 0.3374 1
Soil Productivity 0.1611 4
Mitigation Ability 0.1968 2
Adaptation Ability 0.1842 3
Receptivity 0.1456 4
] Marketability 0.1920 2
Develgfg;“&;;;f;;? and Productivity 0.1309 5
Mitigation Ability 0.3414 1
Adaptation Ability 0.1901 3
Receptivity 0.1137 5
Marketability 0.3688 1
Water Productivity 0.1352 4
Mitigation Ability 0.2061 2
Adaptation Ability 0.1762 3
Receptivity 0.1732 4
Marketability 0.1825 3
Energy Efficiency and Savings Productivity 0.1529 5
Mitigation Ability 0.2090 2
Adaptation Ability 0.2824 1
Receptivity 0.1936 4
Marketability 0.2163 3
Alternative Energy Productivity 0.2282 2
Mitigation Ability 0.1240 5
Adaptation Ability 0.2379 1
Receptivity 0.1573 4
Marketability 0.2153 3
Precision Agriculture Productivity 0.1419 5
Mitigation Ability 0.2467 1
Adaptation Ability 0.2388 2
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