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Development of an Al-based Yield Prediction Model Using LSTM
Algorithm and Cucumber Growth Information

HEXIAM  MeOfEin MR - XGAABIZEIE XA ARIZE M2 22 ADIELEMZ, BIAIIFE (oneland111@snu.ac.kr)

L0|S  MSUsti MEIEZ - NIGAABIZSIZ XIOIAABIZS M2 32 ANELSETT SHMBIBITS Hil(nhongs@snu.ac.kr)

OF

ko

ol
ATZOME AIAE MLSHEERL LSTM (Long Short-Term Memory) ¥112|5S 0251 Al 7|Et20]
stk (SR ES JEolRCt. 20| MLH|0|H= 2018H Wageningen TH&HI} Tencent (4TU)7t 3=
|8t Autonomous Greenhouse Challenge?| 22 it #EX|E Solf AS5IUCH, stz KIS H
| &2 2 AS0| O|REUCE B2 HSEH2 AZMAUANN, Artificial Neural Network) 7|2t
MLP (Multi Layer Perceptron)@t LSTM Y1125 Edf| HAGIR L, F ZHO| Hat: H|WE 436}
ALt 2 359 5t0|M M2t0|HZ HiX| 371 (batch size) 16, &5 S+~ (epoch) 1302 HESIAULL.
UH o2 DO HELOA LSTM EH2 R* 0.982 20 MLP 2& (0.88) Of HIgH £2 tI=ds2
HRACL T 2 0S40 TSR 51.1kg/m’ 2 H{WSHH LSTM Z™0i|Af 48.2kg/m* (94.4%) MLP
S2HOIA 39.0kg/m” (76.3%) = AFE0 F 2 BF A HIPEUXLL LSTMOIN =7t =94
Ct ZEXMOZ LSTM 22 A4 MKFO|0(E 7[5 3 0F0] =2 Mg H0 Malst 2y
2 50|10, sk5E Zy0| 2ol AlY, X| ADEE 59| 7t 20|4= HI0|HE 0|80 S5 =M

YRS0| 758 A0 MR,
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Abstract

The objective of this study was to develop an Al-based model to predict cucumber yield using
time-series growth information and Long Short-Term Memory (LSTM) algorithm. The cucumber
growth data provided during the Autonomous Greenhouse Challenge hosted by Wageningen
university and Tencent (4TU) in 2018 was used for model training and verification. Two artificial
neural network (ANN) models with Multi Layer Perceptron (MLP) and LSTM algorithms
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were developed and compared in cucumber yield prediction performance. For training hyper
parameters of the developed models, the batch size was set to be 16 and a total of 130 (13x
10) training epochs were performed with 13 randomly-selected cucumber growth data out of
the observed data set. For the daily cucumber yield prediction, the LSTM model showed the R?
value of 0.98 and demonstrated better performance as compared to 0.88 of the MLP model in
cucumber yield prediction. Overall the predicted cucumber yields were 48.2kg/m? (94.4%) and
39.0kg/m2 (76.3%) and for the respective LSTM and MLP models and tends to be underestimated
slightly when compared to the observed yield of 51.1kg/m?2. It was concluded that the LSTM model
can be used for cucumber yield prediction with high accuracy under greenhouse cultivation and
applicable for field conditions with further model training by field growth information.

Keyword: Yield prediction; ANN; LSTM; MLP; Cucumber
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7go] o] A ] Utk oo B FsF7oA 7T} 5
2 £3kF W% 9= (Nkomozepi et al, 2014) 5o &
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S sfefale] jeS e STV, HIEe] MLP 5 RRol $AlelA] d4siaict 7
dlolole] Fu) L & Tetele] A4S B 10 EABKA

T 1| LSTM, MLP 29| J2X2} D47t 7%

Layer Output Shape Parameter
lstm (None, 128) 72,192
LSTM dense 1 (None, 12) 1,548
Model
dense 2 (None, 1) 13
Total parameters: 73,753
Layer Output Shape Parameter
dense 1 (None, 286, 128) 1,664
batch_normalization (None, 286, 128) 512
MLP dense 2 (None, 286, 512) 66,048
Model
batch_normalization (None, 286, 512) 2,048
dense 3 (None, 286, 1) 513
Total parameters: 70,785
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3 A S50) Gl 9 2 Sof ek A S UAES] AeiskAo] Azt 7159}

Ho mron oIt T 59840) S Zelv} gl mejalo] B AjutEgro e ol

3RS HSE, TG 4, B2 O G 39 SolA Y|glsteh e ojeist ZEA
o

it
X

i o 9] ol E75tal UAEE 71dolH B AlA A2 593 52 IF 24
RE Aol diHstr] f1sh AFRt7] oA 9] ARFRIE 5o Thefet kg2 7]eolal Qi
B Al A £ FAgA ] dgho 2 2 310 B Aulj el Tl o] AT Fo A 9]
B Al 5 A7 IR 752 A ot AP E et Aol
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UAESA ] AeS SlefA 288 o] 598 2 o Aul] Hee £ Shuet 47
W, 719 5 & oK WP S et nisto] Basit Hie] B £ 4
o g e AT S AT EFTEAM S ZeHel A P BHOE 59
85 4G HOF 714 SR Q47N BA S 7 ete] o] Bastcl,

webd] ETOIAL UAESY] ERE 93 2 5P 9] B, @AY EFBH AT

AR 5= AR W Al 7 B B A4S HESIIA skgler, T AYE AAlS)
LA} b

2. UAEQ] 54 &7

=B 2 XY

UAE =EHAL 83,600kfo]™, °]5 87%7F AMA|Holt. A FH 0 2= HEAJolvtat
S ARMA G}t A muta} H3h FAZE AKX G2 HEskA|gt evb HAS shals s S
22 3 WLt He Alekx ot} ZF o] WA Ve Abu DhabiZ} 67,340ki2 =&
M2 9] 85%AFA|5FL 12, Dubai 4,114k, Sharjah 2,590kr, Ras Al Khaimah 1,684k,
Fujairah 1,166k, Umm Al Qi ain 755k, Ajman 259 <=°|tH¥E 1, 198 1, 119 2).

H1|UAE=7H1EE % E2=E B

Esx W) | HIE %
Abu Dhabi 67,340 86.7
Dubai 3,885 5.0
Sharjah 2,590 3.3
Ras Al-Khaimah 1,684 2.2
Fujairah 1,165 1.5
Umm AL Qi ain 777 1.0
Ajman 259 0.3

1) - https://en.wikipedia.org/wiki/United_Arab_Emirates
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31 | UAES X™E J% 2 | UAE EX[O|E

ZEX: https://www.uaeu.ac.ae/en/dvergs/research/centers/nwec/maps.shtml

UAEQ] ofF Bt 47|22 45°C ooz Aol 2gstA] gfout, 1145 H H53] 4
4 7HE 15~35C F=2 AuiztEo] w2t Azt 7hssiot. siot ZA A szt
Zt 100%°l ol2= 35k 3o, 7149l F4% HATY oz Ao §F= F71

jLLE [
IPOL E 4+ USRI, ATA2 452

Yo 7| 2HE A B PR A0 FE ot 7])20] AlSol= A
| TE
S17bo] AR A& H 0.2 71 20] At Slo] ZHEA} F1set 7
H

i
»
FFO %9,
o
s
)
[ ll‘
N,
o
> rfo

‘L
SN

75 25
29 Bi= 0508 = 2
-
P L4
5 » 15
RG] o
c » ® o ST PO 'ogd
$
5 o5 3 o o, O 05 & &
2 ¥ ° & P 009 , % G &g,,?-e-"" ¢ G54
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&X: The UAE State of Climate Report, 2021
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oN
5

F2 oF 124m o], -2 ASHI 129~3¢Y 52t 80% F= el HF
B wj7} 9ot AFH 0 2= EoQk 124mm, APl 132mm, AFZ HokA|
108mm, At AMF 75mm FEE FHE I o, 55 AHX]= 160mme] 71
G b= B I AFR: BEA1ZO A 40mm v|THe] AB S Holi ItHa
).(Amal Aldababseh,et al. 2018)

-

fr Ho o
ox
Y
o

IR

B

]

A

¢

uiCA-
B

0% 4| UAES| Rlejd 913 249y Eut

ZEX: https://www.uaeu.ac.ae/en/dvergs/research/centers/nwec/maps.shtml

Ch B

UAEE AMPZ 7]19dio] YX]5tar Qlom SEQ] o] el 2 o]fojzl AHA EQFS
2 H5Ea) Bulgo] Wil AEgo] 3, ARV S| fE 2 FUFoE BEY T AFH
A WA 5 AEA ol AgetA] ottt AA| Fe-gETE drist SHEFo 2 AR Aol wo
A5 | 9o] webaA= 40 dS/m EC oJAte] 19 E EYE 510 Q= Ao g Bl
o} 38 B AHA BEAS Holu IR 7o AEs HE 9 nAR Y] BEYE BudEnh B
FHEE= o9 Fon, HEo] AX T vl X EYFEAHE Hth EY Hole
EY 530 te} th2A eyl glov EYE 52 o]-gato] melst 5d-8X9] Foll=

i S

18 HA sdn=



RE fEEA]

ot SEET

UAEQ] 2=2}9]2- z}odof|A] A=

/\]Z X]o _}'\_—O

1™,

4

rol
oot

o< sf

I

2~ 2~
T

2oz |

At

aflaj HAIAE Y, Oasis,

af, sloAels A4S Sol ek UAES 743

9 53 L A% 5
o

A 9 ARG L2 A AA9 F 40% ARSI, 5H-8< 5 AHuf-8<71 39%,
11%, A8 10% <°|thMohamed al mulla, 2011,).

Y&t Askrol &Skl JloH, dRA|Hg A=

FFoL Uk 72 5Y§5U
o] Zl14] o 209

3% T=olH,

UAECA 9] B7] &

oA

8,561k 957} WAE

Aol 4% 5
* Aruto] A7}

of E}E‘ﬂ 48l Hit

o A
]74{\__ %—F‘

>a7}

’9‘ Ok 6 400—1111
O|tHIE 2).

F43] 3715k 202540

AOE opgslo] S5He4 o

82 43 gEska 9o

A A%
we 24
4947

-

sl HretrldE ol8stod
oA o] 87 s

e wa

%

1. O

U A5Eetet S 59 3 J_?a 1 AREo] A 2 A0 & HRITHI 3).
H2| UAE 2 AT L 8428 SSH(H )
82 32T
= A EH
K|t off~E=at SlAxER AT
EUE=ES 1,754 1,687 67 - 1,754
Metilga 1,789 87 1,600 102 1,789
RISIAR 478 60 131 287 478
MR 456 456 - - 456
&t 74 4,477 2,290 1,798 389 4,477
B3| UAEQ +2ME 8 2% ZW Hat 2 2050H 4 MUK
7= 2002 2005 2010 2015 2020 2025 2050
Metga 830.7 1,045.5 1,571.9 2,363.2 3,274.6 4,923.2 6,646
Aolgs 332.9 381 4771 597.3 715.1 895.4 1,791
EUE=ES 2,340.6 2,753 3,637.8 4,865.5 6,207.1 8,561 8,561
= 3,504.2 41795 5,686.8 7,826 10,196.8 14,379.6 19,138
2)  ABI5E o] g5to] WSEE B2 SHHUE A5 2 A4
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[N B

&5 ARG Aske9le 20~50mel 223, sUol &Eet Al-ain, Al Dahid, Al
Hamaranyah Aol gt Aol ARG2.2 QI3 F243] A|oke¢)7F Aot= o] £A1HL
2 HET ot dA A5 5ol sl UAECIA ESE= Astedet 208 ol w2 4
AotrE ARSI 9101 1990 FHEZHA] A5k 91= 10883F 10m B2 WolAl= FAH 2L
U, o]% JIF57F 5 Al Wt 1087 70mA AfskE= AR AR 2 HalE Qi

Aot 8L A&t pHZF =oF A7 glo] ARG oEfZo] St SiHAIY F:
+ 50,000ppm ©]o & Holn EFi At Hit &4 Oasis sUAY & LHA
92 2,000ppm °Jate]™ I 0]¢] A|¥L 2,000~10,000ppm FFC|tHUAE State of
Environment Report. 2015). YRHH 0 & tRE F7lo|A= A 5keE Feoto] GAHE HH4
9] A& At pH 24 55 A8t A7 AlES AA|sto] ARgskaL JITH| 5).

i
1

T T
- e -t

.
| s = a SR
(LT LEGEND Ll
el Liscathon Mag / "?{E

i , i B o ooy
i, . B oo woem 'i
L1 . S _m-lm
I 000 - sccen
oo
— D Civien

i

J2 5| Kok RETRE

E7X https://www.uaeu.ac.ae/en/dvcrgs/research/centers/nwec/maps.shtml

3) - https://water.fanack.com/uae/#_ftn2

20 AAsgn=



3. UAEQ E%F

7t EZZAL

UAEQA 9] EFFAR= USDAY Soil Taxanomy= °]-&5F Abudhabi 41+ 2006~2007
o, 2R G 2010~20127H4] AAE 9 2H, Dubaix 200549 Y2 7A]9] 914 Hlolg
(IRS-P6 LISS IV)E AR&5to] Keys to Soil Taxonomy(USDA, 2003)°f w2} E-551%itt. o]
% UAE AA] gt =71 EF A== S35t fIs AP 2 RAM]7], 2ARER 7H0] 2}
o| 2 Qs T H H ALt EU £ AolE 7785 A}, UAES] EU2 UAEE 2719 E
= 6719] of&, 10719] tit, 74719 EQE o g BERr it Mahmoud Ali Abdelfattah
& Colin Pain2012).

Lt UAES| EY

UAEE 2719 EFE(Aridisols 2 Entisols), 67H9] o}=(Salids, Gypsids, Calcids,
Psamments, Orthents ¥ Cambids) ¥ 107§2] tht(Aquisalids, Calcigypsids,
Haplocalcids, Haplocambids, Haplogypsids, Haplosalids, Petrocalcids,
Petrogypsids, Torriorthents 2 Torripsamments)2. &2 ESEQloH did 5 AHIEY
< Torripsamments(75%)&, A@2] 2Fo](EF2<(5m, $ZF 5-10m Z =) 10m)ol =zt
Al 71A] A= @92 FAE ] 9t} o322+ Haplosalids(5.4%), Petrogypsdis(3.8%),

UNITED ARAR EMIRATES - SOIL GREAT GROUPS

T8 6 | UAE EY & (https://www.emiratessoilmuseum.org/uae—soil-map)
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Aquisalids(3%), Haplocalcids(1.7%), Haplogypsids(1%), Torriorthents(0.9%),
Haplocambids(0.3%), Calcigypsids(0.2%) & Petrocalcids(0.1%)s&=0.& H3Eskal Qlct.
HA] FE-2 AH4.8%), A =50.5%) 2 71BK3.3%)= T35 0] ITH1H 06).

7} 29 E42 Tfstel s A AT Aviua ohgt e,

Aquisalids® GEsT7t =2 EYO R, 3ot U &9 w47} &35t AL 7Hsabkha) A
Hof| T2 FRE5HL o] EY HHOA dEFAS BES 5 loH, A# FAH9 A& A
sl Qo] W HPol F& ottt Calcigypsidss EAJo| AFdolal, BEQF & A1l gb=F
o] &7]| ol I 5Ll HstA] &t Haplocalcidss HES] Aol ghibdEo] 54
Eo] o, B2 AH B GEOIU AN 02 o] 7hstt Ao= dA Q)
Haplocambids= cambicZY] FE9] & E= MARS 71 HEZA AEZS 7K1
o, AESHA gHibdEo|y 4117t F4E-6] F4E o] UA got Wl E Aol mi-- ARt A
o7 IHA o, 8 FYAYO = o]&H 1 It} Haplogysipdsi= 3= A1 ohgat W
< EFHERE s 7 wHoll gk Aol Aotk Haplosalidsi= AAH T At
B7} gojoll A 3arEn, QEIFo] i =2 IHE EYOE Wisgel FotstA] ¢
Petrocalcids= B & &2 Arof Q|35 ehikzhs Aukzo 2 Qg Irflsdof A o]—‘@‘]-x]
2o AA| Petrogypsids® H|w 2] L2 Ao x|t SAdw Auts 9 EoF f 2ot
I o E Qs WEA ’“@f"};‘] 2t} Torriorthents®] thF2-2 35% o442] A
O]‘%:'— Holu| ZA 4R eE AbA] o] QIR Bokel AKX AT Hiofl = F3EsHL }lon, EQF
T B A e g s Wisdel ﬂ?Jo}Z] &t Torripsamments B2 S22 =
o|FoiZ e AY} HPAZ e, A7 EQRZ Aol A9 = A gtk A=
olo] W} 35H((5m, 5-10m, »10m)2 & &= 0] F2 FAKR = Wisdol ZIdet Ao
2 75EI Sl

EQFEAS TES uf UAR EF 2 #hslof Aaket BEok thek 0.2% Hwol, A
2

o LY
Whsdo] 7FsT Ao g Ty = EGE Torripsamments®] 5m ©J5He] JAFA]
2.4%0]11, AFR}A] 52 IR YA EQRS &, A, kS 52 AlgIx;

550°] 0134-4 EO]CEE fagly ‘TH X}EXHHHOH ‘rrE] 3t Cambisol> 571"?— A ot &
FFEE BRI Ut} o] A& A|Qigt thF-22] 2|92 Arenosol®] ®-AlshH, USDA E%
FEFo14 9] Torripsamments?} -FARE BILE Hol= A0 2 RAF H T} Arenosolse &

22 AA s =



el EFo s FAZ ) fhgo] @il HE Jhgo] BAU A9 glom ESSS] W] A
9] Y= EFo|th. webA] Bt B4 3 B2 U2 QIsf wFF o= AREStH ATt
)7t B Q3 EQkolt}. 11 9]9] EQF A dFt Ha119] gFo] =2 Gypsisol, Calcisol,
Solonchak 5°] H#3x5}aL Qlo] AHb& 0 & UAES] EQF2 A=A o] uf-¢- E2]3 A4S 2+

[e]
o 2~
2% % 9t

M A

2 7 | WRB(World Reference Base) EX = (https://enviroportal.ead.ae/map/)

C}. X|ojs £ 513t

o

UAES] EGFRAF AR 20129 == Qlom o] A7E HIF O R Ut EYE/] wiet 4
28 5ol gk ot A7t o] FojA| = o, ZF ER=e] BAIA 58 Y Apol= 11
HAZE A9k #oltt. Abu Dhabis= UAECA 7HE #-7et EF=72=2 ADAFSA(Abu Dhabi
Agriculture and Food Safety Authority)E 53l 5d&o] tigt thaFst =44 9 A7} o]
FOlA| L Ql= WHA, ofef EF=0] ¢ okl gk Jdo] 24| g2 Ao E Hlth
wehA UAE =7H] 249 5dA| o B tigh mhefof ofgfgo] Qltt. ddo= &3kl
Abu DhabiollAl EF=9] F25AX 9] “Soil Salinity Management Plan(2019)'S &
S sAA e EG E -Gl et A7 A=E HED 5= 3lo] 1 &= 475HH, Abu
Dhabi®] 7% UAE AA|HA 9] 86.7%F AHAIStAL Qlo] HEAZS Z=til & 5= & A0|
t}. Abu Dhabio]€]9] Ao A = mot 755k # 9] ol A A7istaiAt giet.
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1) Abu Dhab?] 59A%H EY
UAE®] Abu Dhabi 4% (Environment Agency - Abu Dabi, ©]5} EAD)oA= #71E 11
23k Abu Dhabi A 99| EH} E7 23] 5oh-2 9o R4l d77HFAO)IA &
v 0 2 ARRE = EX AP 5 A2 B0l "EX] B7HE 91t 2| A= (Framework
for Land Evaluation, 1976)'S 3] EX 234 S3(S1~S3, N1~N2)V& E=5}o] AL85
T 3lon, 38 WhsdAY 1671 A|9o] dsf EGHE HAEE Hoto] EFHEE
AATSEaL QItHEnvironment Agency-ABU DHABI. 2019). oJof] w2 Abu Dhabl-J A
SUA A A F FAOS] BEA| A S1"g W=ole A= ¢ 0111 TfEE “S27 8379
otz AoE HuE Qo ARkE]l E4Z BH O-_Q'-E’“O] i, —°—‘:}—4 EYTRE
Z-aglo] EGTZo] Wdo] giAY mleksitt. #EL] A RAY BE9] 79 A& 9 4
19FS Ho|n, Uit o g7 o EQRAY 59 579% HRlth A g4 B0 2= EYY]
Ho] 5m olstz W2 Ao 7 A QUtH1H 8).

12 8| Au Dhabi X|9 EQ27H XEH X|E=(https://enviroportal.ead.ae/map/)

4) - S1 Highly suitable, S2 moderate suitability, S3 marginal suitability, N1 currently unsuitable, N2

permantly unsuitable

24 AA sd=



WhsdAS 1671AH(E 9)°l Hsl EFF=B=ALS v ez HEd EF E4=
B7IelE A ot ZTHE 4).

Abu Dhabi B/ EsdA g EFQ] B2 AR~ FEAES] AFAEGCH, 47 HE
Mgl Z<50] JA5S TED 5 loH, AFH o2 = st E JHolth &
EAS 4FAGE AQdstale tiFE Im o] B4 Holil o EYHEe 47
< A 9sk11 {2 ECe 4,000-8,000 1S/cmE BE HEo] YEg HojZxy glo] 59
A FGRES AET 4= Y& A= Kt} A|olr9] 49 Bt
7N S WRER O] o] Qe AJslpSo] e S, AR 1ol A Aok EelE
A e AGE Atk ESHIS e W2 f7]E 99, AREGY W2 B4 Hilg Fo= <
3l ARbA o2 W2 Bl &g Holil Qi Edulae AR A5 Fulsl o8 A=
St 2] A B0 AREA B o' o~ sttt B T A drret A

o= pehdct

2,

OFO
s

S 4o ol
£ o2

i
)
)
o,
o
o
Md
i

|
A =g : 5
1 {l__
1 ;
o R el S,
Qapt
14 J
Ly
111
i '-I:.}
»
1. Bgsat Paldon T, B Argasd, Rba Fomyyad A Dhaa 13, Baaian
2. Al Knaten & Mahsl A Hayer, Al Emwads, A Faga 1. A Dabah fw' Liwi]
3 A Mahda, M Shashs Soulf T M ARarna i L ko
4 A Aahba, Shathaea 10 A Ealanas, A S 1. Lawa Souih L aal]
5 MR Uhen, A et 11, A WaRGaa, A Dul's B wm Ey
& Aan Faat 12 Rmmah —
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H 4| Abu Dhabi 27lset2] 1671X% ELEH(QFHR])

EYEHN
No N2
Ey| sy | gasy | SAUNIY 1 ggs | wee | owe | £y
= (ECe_uS/cm) o
. . Limited by
Calcic/gypsic - . By leakage
1 | Ajban Palace LS | layers, lithic Limited 2,000-4,000 or over- Moderate hlarldpan/ Moderate
o 50~100cm | low~ moderate | . .~ "". lithic
conditions irrigation L
ayers
2 | Al Khatim S Calcic, gypsic <150 cm 16,000—40,000 None Low to Well Good tq
layers strongly saline moderate excessive
. . By leakage
Al Nahda, Al Calcic, gypsic 2,000-8,000 N Low to Good to
3 Shamka South S layers >150cm low to moderate| 2" 2Ver moderate Well excessive
irrigation
. : Limited by
Calcic/gypsic - By leakage
4 Al Rahba, LS | layers, lithic 50~100cm 20.0 4,000 . orover- Moderate hlarldpan/ Moderate
Shahama et slightly saline | . ." " lithic
conditions irrigation L
ayers
Al Ain Urban, AL Calcic/gypsic 2000-4000 | BY'€3K3G8) \ioderate | Moderate
5 ’ LS | layers, wadi >150 cm ' ' or over- Good
Jawf low to moderate| ..~ to good to good
gravels irrigation
Petrogypsic, 8,000-40,000 By leakage .
6 | Ajban East LS | petrocalcic 80~120 cm| medium to orover- Moderate | Limited by Moderate
L T to good hardpan
ayers strong irrigation
Al Araad, Abu Levelled 8,000-40,000
7 | Krayyah, Al S d >150cm | medium to Absent Low Excessive | Very good
unes
Dhahra strong
Al Hayer, Nahel
8 | town, Al Shwaib, | S Levelled >150 cm 2‘000_4‘00. Absent Low Excessive | Very good
dunes slightly saline
Al Faga
. . 4,000-8,000 By leakage
9 | AlKhazna S Calcic, gypsic >150cm | Moderate orover- Low to Well Good to
layers P P moderate very good
salinity irrigation
. . 4,000-8,000 By leakage
10 Al Salamat, Al LS Calcic, gypsic >150cm | moderate or over- Moderate | Well Good
Saad layers o S
salinity irrigation
Calcic, gypsic Absent/by
Al Wagan, Al layers, 8,000-16,000 leakage Low to Excessive/ | Good to
1 } S >150 cm X -
Qua'a Levelled medium saline | or over- moderate | well very good
dunes irrigation
12 | Remah S Levelled >150 cm 2,000-8,000 Absent Low Excessive | Very good
dunes low to moderate
Petrogypsic, 8,000-40,000 By leakage Limited b
13 | Sweihan S | petrocalcic 80-120 cm | medium to or over- Moderate Y | Moderate
i A hardpan
ayers strong irrigation
Al Dhafra
(without Liwa):
Silah, Al Marfa, Calcic, gypsic 4,000-40,000 By leakage Low to
14 X S >150cm | moderate to or over- Well Good
Madinat Zayed, layers v.hiah irrioation moderate
Ghayathi, Al g 9
Fadhiya
15 | Liwa North S Levelled >150 cm 4,000-8,000 Absent Low Excessive | Very good
dunes moderate
Levelled 8,000-40,000 By leakage
16 | Liwa South S d >150cm | medium to or over- Low Excessive | Very good
unes . L EVE
v.high irrigation
26 AA Ed =



2) 555 A9

UAES] 555X H 9] EQF2 tf 7= Hefiut &
2= o]FolX FHEGORE EFLA = %ﬂ
e, A ek A9 i EH=E ¢ F
A3 Al 7HA] HFE Us 4 U ‘3‘1501
Hajar AF 9] oofet QA2 RE Jd=
Efo] FESIA Ut B AfA| 92 vt
UZ FUACE Sl= APA|FoH Ak
SA7F 21l A4 o] 'gshA] oo A2 ¢
(9 100mn oJW)olle Bl &5l gt
E0F Ha]eko] Wol oloj Moz FEZS A
gt A9 QojA= ZEAE7t o A=

Aehel]l 2etstA] 1.5‘1—(_): Zog WETh E3 J2 10| S5 XY sYRE
5 Tl e e QA X]‘Z—-_]-'—V—} Zol wo & (https://enviroportal.ead.ae/map/)
o] %

ko g AT}, QH 0197 2L E5)| A EZS FA5t1 FHE-S Aufst=
A8 2 & gio, rﬂf—r afRglov], A2 EFEAE AN ofigon,
i 24, Al 59 718< ol-8ste] BARE Al A2 & HRIt Ras Al Khaimah
H X Hof =072 FAE Cambids’} AR EESH Qo] Q8 sPXJo 2 &L8E 11
ATHZH 10).

3) Dubai area

Dubai A|¥9] EY2 Uuta o g mefel M3jdo] ow, JjHo s f7|Eo] #E53 EY

o= u/pdR 7} wo] Easta Sk, St A|thel AR o] B HErt 2o, AFEFA|

A 2 E¢ A5 Holul r AP thiio] Aol s, A, 44 & sfiet Hok 9]

9] mfdY FO=E o]FolA Al"%. U9tH 0 & Fufolo] HE EQR2 M3]Holn, Az A
o &517] hizoll EFio] HZIE AJEolt). wka] FHto] Ao ESFe] F8 A2
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- A2 A, AT 25 Wl 733 vigdat e 3o —451’ 7;‘:1/—‘4 AHEA EG W2 E
PHEE, =2 ES A5, ot A4 A4, Aot 2] deter #4 9 HZ4 114 5o
QITHB. R. M. Rao. et al. 2019).

50K SRS LEC BON BEREEE  LCC

- IR Mi-r WEE E TAMRTAAL Vies
3 Wil
- 2 - AR DG~
- ERE AL M e
TR |
AL RRHAM, L - T Ve
e JEEELALI-1 Wies
AT
[ ALLSAL I T
E HATTA -4 e
AL RWFI Y Wim
- A AR Wes m HATIA S Vim
I WARGHAN e - TR Wis
. EATES TR Vied B HATIAS i
W ALAEBAR T W E OHATTAD VW
— EMTATES RO e
- HATTAT Ve
L1 2 W
M-t " mm owmaa Ve

AT AR e
TR MSWA S T

) f
- F . TANTHEA S VA
‘ . ﬁl ,
.
o ] [T wememen

LT, L capabshity class

3311 | Dubai EYE 2 EX|0|EXNEE

B. R. M. Rao. et al.2019) FH}o] X|99] EFQ] EXAA 5FS “All India Soil Survey
and land use Survey(1970)"9] X*}Uﬂ-ﬁ- < o]&sto] 73 A3}, FHbo] A9 FEE
AZSE AHdo g EXAFY EFE 45 ~8EHEO0 R s & Jth EXZA 4522 &
< EA 02 BEilgo] Aok 12‘% At RS gH & H I 7hsot
0~858 EFZ &2 EAl At EYRIA], 7 HAL 528 P50l EFs AR B
Skl QITHIE 11).

4) EFIE

7F5(P)et A A SLAKPET)Q] B8Rl AFA5(P/PET)E 0|83t EX| FPEREE ok
(0.5-0.65), 8FA=(0.2 - 0.5), A3(0.05 - 0.2) ¥ WA =({0.057F o2 EF=l=d #<-
Az A 9L AAF bk 2 7t Mahmoud A. et al. 2014). AZA 92 739 50@5
7} ot ZEAYAto] A5t F 4= ek o] et 29| /A5 8912 thgste] A B
o7 QIR FWAS] £, AR TR Askro] A E Sl et AR HA, Aot Hl
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18 fe Ho
2
ol rlr
L

sl 09 502 FEsl S A0 HolL XIS Agje WEA ) A4S
=4 F2(none~very slightly salinty) 222 A= Qlt}. o]2gh

L7 7)o] S8t A0 RSB ISt S ETHE W 7
ol wo Flo B 4 otk BE AR EoF] A9 A

o 3T =
Aol F5 &0l AFS & 5 JonE JR A5 5ol et w7t
=

)

(e}
2
S
%ﬁ

o N

o

STRIe)
)
2,

thMahmoud A. Abdelfattah and Shabbir A. Shahid. 2014., Mahmoud A. Abdelfattah
& Anil T. Kumar.2014). Z}=0] w2 ¥ w2 Z-EAul7} g0l A0 g Hol= iz
221 0~8dS/m Y9 Eo| oF 80%C|A; 2RIl Q&= AL & LERGT

Lagind “
Sod Salinity map for Abu Dhabi
S EmbrEbe BpORYInG USOA SIA0AMS -

Mo sallne (3,504,525 ha or GLIPRY— o
‘Wwery slightly salina (184.746 ha or 3.23%)
Slightty saline (343,294 ha o 16.58%)
Moderately saling (217,514 haor 381%)
Strongly salino (283,927 ha or 4.96%) SR SIS L . \
Very of saling (583,170 ha or 10.90%) W e = * X,

L] trongly - i ; \

212 | Abu Dhabi EY T2 E(0~50cm)

5) https://enviroportal.ead.ae/map/ °l|A] B 3}o] $=
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a3 13|

BEEX|Y EQY AT (0~50cm)

H5| UAE EZ 0~50cn Hel L B2 22HA

Rating Non saline Very s.lightly Slightly saline Moderately Stro.ngly Very sFrongly Total area
category saline saline saline saline (ha)
ECe Oto<2 | 2to<h | 4to<8 | B8to<l6 | 16to<40 240
(dS/m)
- Yields of very ) Only a few
Yield Salinity sensitive Yield of Only tolerant very tolerant Halophytes
- effects mostly many crops | crops yield . are the only
restriction negligible | €7OP= May be restricted | satisfacto crops yield option
949 restricted i satisfactory P
Tmﬁ: aa]rea 3,839,171 225,158 968,709 218,005 287,827 683,409 | 6,222,279
% 61.7 3.6 15.6 35 4.6 11.0 -
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ct. OFFCH| B XHEHX| HE

B AEA] e HsiA s H Aol didt 127t B asitt dnbdos AEieg IRk
&G AR, 7%, A, BT 5ol nHEn SRRt =egAY B4 AuE
H eluthe 26 l-ﬁ% Aoz Yehdis A9ez, o5 97t B, diAlz Fex
U A0 £2H| et WA =2 v RHET e EFOIH, IR =2 g
7t £t

ABE FEuetet Bl gtk Al Az 71$ 2 QI HisAle] Wl 23t Ao & 4
311:}_ EFO AS APA EFOR HI&ETL Wil 4HERFo] AA B4 = *
h. Eﬂ%ol -2 AeFoR < oH Hﬂi*}oﬂ ﬂ# 49 %%’6& 9

N o
>‘ —{O{l
HTJ

AN

T
[,

A

Al Z:iﬂroﬂ 1L =T FY JJr7H9~r7} S 7Hse 9 A H]% &3

24 5 EFETH 72 55 53 B Al 7R I 4 A viEE A 3
EJTE /AL ait 2 71489 BA|R sjdo] 753 AR KHolug UAESA B Aul
£ Q3 H oA 2T A= SR FY 5HES R ZolTh

UAE Abu Dhabi EZ=)| 49 ZFEAui A R] A7} s A1 2T Amal Aldababseh. et
al. 208)°l4] AA| EA9] 7%uto] ZEA o] 7} ATHS1)8HT 20%= Ads] A3HS2)sHH
16%= ThA F&3K(S3)51H, oJel 2|9l AL v, 715, EY 53 E $A1Y0] Algt 502
FARIRE 202 HSk QIeHIE 6, 11 14). & AtollA 2ol oM EY A, B
EA SFEAl AHAL _Qﬁ__J_:L_oJ A 9 =@ =0] kS = qgojxla ¥l 9o
|, 0% U850 FFE 7MY ST AR HESL ek wEhA Bg wol AgIH: F
= 53] ¥ °‘°WL %M 7F84do] B F a3 AR TEEE AL & 4 Qlk

H 6| UAE Abu Dhabi 5= D2t 7HSK| Bx

EXNES @ER) S1 S2 S3 N1 N2
Bi%l/Ha 406,374 1,162,680 914,341 2,223,767 1,015,934
% 7 20 16 39 18

= Aol 4 Z=A] 24 50| 13 22 AEH A|2o] S42 1efa v o] o)A b
Al 914 7Hs3 A0 1t o] Ao EAL AER Bell: 2t EFIE}
6dS/m olel H A EFAE 71591 4dS/mE 2T BT HEo} A Yot B
BB} ol 0] W A9 Wel7} 15T Aolct,
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Highly Suitable (S1]
Moderately Suitable (S2)
Marginally Suitsble {S3)

Currently unsuitable (N1) 0 50 100
Permanently unsuitable (N2)

J%™ 14 | UAE Abu Dhabi EZ= Sl 7HsXS {IX|=

Abu Dhabi9] 79 815:H2140] 5484 ALE Aol et shpxels TRL 73

T glow, olefst AL FEAMHSA R AN E TH4E dgEoR st ek webA o
ARk 0] 75T 355 Aol BA 5843 FoN F2} gl slow wek
o). chet gvlae] £o] A i FFL gy ARE4E TFAE ADSE AH8S
Asich AR 802 FHo] 5T Aol GHE B o olo] 84 480 e
w7t Basit

Abu Dhabig A|2J3t Aol A= F=Auet HRE 87, A 5ol Ut ALz FE5o] of
250 S ¢ AonE W AR E HED f 2442 R-r o A4S sl A
A5t & gl ol st AES slo] A4shd Ta|7} gl 2 o2 whhEch

4. A=T
UAE ™ Ao} Bielo] 2 474€ 9Ia) AAIR UAE Bl tiet A= 5 AEs Fake
ohs 3t 2k

S 891 S £l AT $OID PPUGE o, A e 421 28] B2
B Afelenol WJ1 ARke IR BAE 28] T BASE BH] A4 Basieh, ol
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Y BAFS AT AL BAFRAL Mol PR, FRO| FT FrEY, B A
25 2

sto] 2, B4 ol 20) oA, L=, A3 5] B4/, 1Ay
o =

A, AN = D ST Al B 94 53 EAISEAL i F.G. 9 &
7ol w2 W Aol oA e F50 EY, =02 Ao oEA] A8 93 Tt
AL st oH, ATt 27 dE Y] AR, HEE EYe] AH EYEY B2 e I
T AAHAL HA5RAL QU of= B AjulA] B2 APt HuE, By, 2480 4RF 52
Fzo] adithe A HolF= Adfeltt. T2y UAR: HiF-2 AHA EQelH, d=igol
722 ARA|F 02 Hof o] & ARGl B2 2ha2] Aol =t 24 2L

UAE= A9 A RE7F AHEA EY LR o|FoA glo] EAJS 1Efsto] A EE AH™
k= A2 AY E7Fs ottt webA B Al iR 24 o EJHE o= AlRRIAY] 3

oA AEE|ofof gttt UAE EXC 8 EFARIRIAIZ = 489 g, Aolgt A&, A3
ATAAE Az JF20] 98 =9 AES} 2 ojt}. o]l AX|RAL T#ste] 2P
o] BAL E= 715, 5339 8014 5= HESIooF gt} o]k I of| A UAECIA ¥ A
RS AT wiof] FAOOA] Aotslal Q1= EXAASHH(Land sutibility class)(FAO, 1976)
= 30 4 & Aoltt W Al AlRRIA} A2 &old 52 1T o I 5
A 55 S1~829] 552 A= AolA ¥ Aujrt 7FsE Aolth, 18y S19] 24 5
Fots AG2 7|E sUYA G L& o-&5 1L glom =5] A|ghe Ao ARt LERtar Qlof A
Al grEof ojgZo] ol idETt. S3 A|99] Hfoll= v A w2 REL] AEFFoE B AH|
of AghrE 4= 9lom, EOW]EO] Al5kal, BAPE H| WA ot AR 24 skt BIAAIAd
= St} whebA | ZufR|e] -9 52 X Ho] AjHE 4= 3l Aol o|=et X9 ¢ Abu
Dhabi @ H0A Y5kl = EAD EnviroPotal Viewer(https://enviroportal.ead.ae/

map/)°lA BHelo] 7Rstch,

UAETA H Ajef2)5 AEjsh off 94502 FAO 24 53 ERlshe 59 st A=S

831 3 0|9l @A) A} RSt 71E ARE0] BEY Be 99 BE F 9 ¥
o] e O HIHT 9o}, VAT the Axstnz Bue] 7S, 1
A 2 el et choret 5ol ofe @Afo] MAIR 4 ol AATA) A9 4 A
o H§F A9 YRNSOE BEFY GRYHo] LU 5 UL Holth. wehd 2u

7102 Aol T 5 AT Ao 7Fse 5] FEHEI e G2 4
SK Aol Washe], A4 B B, EX A1H 502 EF GRS 54, AASK: et

o Mg Aol

AZABA GO A9 # Al BHe FRT Hloln, FE 84T o] ofeie 49 FB
2R 7V S4125l0] ol AEslo} & Qttolek. B4xA glol WA S Wit

rl
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> FAto| HhASE 2= it} whaba] ZE535F o7} 7
s A9 Bz 1A Aol 7hset XHHHE A2 AEstoiop & Aot o]9fof| i Theet
EFEA, Whs FEA, /1% 5 Tt 87} QA ol8e EY-T) 134 B7HE AAls

S I Q71 itk TR W2 B H
Szt dokgl BoF B4 sl STk 9718 AT BP0 AHeS HF AED

ol

% 0] Y= SEXIZHO| 17| KO 23 TUAE ARIBIZOIN Xi% 7H53t bl Kb Z2714
HHEL(BRIAE:PI016256), THHIS) LEO|H O[O ZEALEBILICH,

e Mohamed al mulla, 2011, UAE State of Water Report. Second Arab Water Forum, Cairo,
20-23 November 2011.

e UAE State of Environment Report. 2015. Ministry of Environment and Water, 2015.

e Mahmoud Ali Abdelfattah & Colin Pain. 2012. Unifying regional soil maps at different
scales to generate a national soil map for the United Arab Emirates applying digital soil
mapping techniques. Journal of Maps. vol4

e Environment Agency-ABU DHABI. 2019. Soil salinity Management Plan.

e FAO. 1976. Framework for Land Evaluation, FAO Soils bulletin 32

e B.R. M. Rao, M.A.Fyzee, G. Sujatha & Milind Wadodkar. 2019. Soil resource appraisal
of Emirate of Dubai for optimun landuse planning.

e Mahmoud A. Abdelfattah and Shabbir A. Shahid. 2014. Spatial Distribution of Soil
Salinity and Management Aspects in the Northern United Arab Emirate. Sabkha
Ecosystems: Volume IV: Cash Halophyte and Biodiversity Conservation.

e Mahmoud A. Abdelfattah & Anil T. Kumar.2014. A web-based GIS enabled soil
information system for the United Arab Emirates and its applicability in agricultural
land use planning. Arab J Geosci

e Amal Aldababseh, MarCrop ouane Temim, Praveen Maghelal, Oliver Branch and Volker
Wulfmeyer. 2018. Multi-Criteria Evaluation of Irrigated Agriculture Suitability to Achieve
Security in an Arid Environment, Sustainability

e Fugen Dou ,Junel Soriano,Rodante E. Tabien,Kun Chen. 2016. Soil Texture and Cultivar
Effects on Rice (Oryza sativa, L.) Grain Yield, Yield Components and Water Productivity
in Three Water Regimes, PLoS ONE

34 AA YT =



Design of Agricultural Environmental Conservation Program Impact
Assessment Platform Based on Soil-Water-Energy-Food-Carbon Nexus

LI2} _Merhatin X% -H0| QA A IS} (narad180@naver.com)
LA} Mdtfshn X|%-HI0| QA ABZS!IL 24 (yoosh15@jnu.ac.kr)
O|AY =205ty X|7AM B8} Z 04 (sanghyun@chungbuk.ac.kr)
NSO MEIZ A XHAARIZSIE W4 (lamchoi@snu.ac.kr)
ATE S22 ZHATY SERAHTE H2LA (sung@krei.re.kr)
ObH| 2.1} Y1712+ (soilssohur@korea.kr)

E
s fshe EQH| 21 HLA (son094@korea.kr)

7t SYBHSBHI2 TAT} A

Feluet A2 v A Eo R I3 WAYsks BN 2AIE iAlste = Aol
T gl 24 o 210 o] grow, o]z QIste] s dAthEA o] DAl tet /14 F
Z3h A ARG 2R 9] A5# )1 W SAAE ZFA] FBIAL ATHEI YHEARA, 2021).
ERH A A R TR Fwor @Ol 'St 27 7S E AL /le, o
off Hiet =21 2 °J‘*°} uhglo] ] &3t Ad=gelt

> ok

T, SRS EROAL 59 QATF o sEA\ o] FHHe FPe FE BAAL
5] 919 20189 R e vReTRl) SARFRALEIY AL AY Fo ArksAE
APAER, 2020). AYATE PO 59 F HAuE, A, SEHB L 5UKA £
oF 5 7% VAR BFL WA, 442 kst et viaae] Bak S 2 59
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SRz 90 584 Al1el el el vt W ast Aol

i

SYLFEA =T IR He UL EL S50 AT F23 7N Aol 2

AR HEO 2 Wirold] MY 4 Ut ARARA PEL 1 AT SR YehtA
B S AT G VIRt 91, 2020). T, UALE A Tho] At
(Trade-off)ot 45 EMk(Synergy)& £A3t] 245 aelo] F-AF-fuix|o] /1A FF2
BUHOR Wt o5 oAkaHel oISk AR L3 9, 2019) FARERARE
29 AR 250 ool wreh B, &, A% 9 ouiX] 5 Fa g wsleh 2t (ke 4

5 L FUWOHR YAAR BT 4 k. webd SYARARL IR At
9I) EF-B-oluA-AlF-ha WALE HEATHA AL B $ABA AL AN

Indirect §
drivers

Human Well-
Being &
Emvironmental
Sustainability

of
change

drivers
of
change

Current Opinion in Environmental Sustainability

J8 1| sUSEEXMTZ2 0| tATIHE st EY-S-0|HX|-AlE YWMA = 2 AAEN
(Claudia et al., 2013)

P Resource Fimal Energy
Aerailatibiny Imports,/Exparts Corviersion
and
Exrenon Energy Carrier Energy
Transformations Services
Material Matarials
Transformations Services
Agricultural Food and
Production Water Services
PROMIES FOR CYCLIC SYSTEMS (incl. Water and Emissions Tracking) I
J% 2 | CLEW 2 A|AE!(Manuel Weirich, 2013)
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A Study on the Utilization of Agricultural Water in North Korea
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T LSHHAAH(IDC) Mt SHE 2|5t
PDM %} 3 SEAXME A 71

- HIEE 2f710| SESEHEAIY H 0|2t

2 PIHSHAIALR -

Introduction of the PDM (Project Design Matrix) design to evaluate the
IDC (International Development Cooperation) project in the rural area
- Vietnam Lao Cai KOICA project -

UMS _ FrsENL thE, ®)SEs0EDA UMY &ATHE (shkim_world@naver.com)

1. A&

27 & LA = FAIFKUN)RZ AAA 19371 3]e=o] 7FI= 1AL, 20308 71A] =4 A
3]9] A F5E#2l X&7Fs7E EH(SDGs, Sustainable Development Goals)& A%t
H} SlTt SDGs FollA A HA H3= ¥l EX(No Poverty), 7 M Hit= 710} sfjae} 4]
ote G 4 A&7 s 5 A (Zero HungenZ Askal B2yt HAF o|E A 1}
A= A7gstar ot

A, A IEE AL Ay F7to] & oulE Fofsks 29171 FZolloF 2457
AIRFAL, B T 7RAARL S AERt B2 AA oAl o s dE|al SESkE o
o= tlEE Aol ARdoltt, [ 5o FA/RFEH(IDC, International Development
Cooperation) AFYZEYE OECD 71zl oA A &sHA B7istal Ll A HAF SHist

AL Qe 2 FAoIth
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A, IDC AFFolA 7tof] ARESH Q= T #E2AQ] #E] E(Tool)Z PDM(Project Design
Matrix) & & 5 Ut € GA 9 A 2AAS AX A" PDMY] AMHEO& ZI2AEQ] 9
QH-AA- 57 H IS Bl TRAES A3 JA 3 -Hajof] AREotal Q= Alo] AR
oJtt.

e
o
5=
=
%
2
10
r>~l

& daoMe A SAIEEEANR] 5 520 1 Zofoll A AR
PDM 2/d< #1et LRHHRI 2 EAE 2edsto] w=el-2ot et PDM EA(CDE A4 P
olojA PDM &-8-9] APAIH = HEY 55 2herto| Ao A ddE KOICA ArdolA
4TB7HE 9l &-85t3d PDM AAI9F 52 A A7sk At

2. TZAEFPAY PDM FHA] Aol 1A

7}. IDC At PDMO| LA

PDM= IDC AFY P (formulation)?] vA|E Ao A A== A E(sheet)?l B, IDCAFA
A IS 7HEFS| AlskarR} ghct,

U sE/NIECR] IDC ALt A1 A%, @A (resources)?] &8, A9 AHek
dY 5 WA 7HEAES H gt E-8oto] AFGS AlE, AAskaL AdYefjof sh]of @%9] &
23 AR WA AAISHA Hrt of# Z*FE— Higto g T2 AEY DC AMo] e th B
A =t offf 27 12 IDC A FAA-EAE HolFa 9t} &, 199 @ =82 (Logical
framework)¥} PDM-2 o]&{$t AFY *é ALo] tpR| ek THA| 9] ZQlo]atkal B},

o)

o
£:)

o Ohﬂ a8 @ ~® 9 L AABA APpgogA WA, IDC T AgA G 7
S 235k AHRAIE AIZo g2 A H 9] o] HARKFET], AFTHEY 5)°F E=T
S AdYolA Hrt, o]2f3t EX2AL A2 FA|E2|(Problem Tree) 20| 71
= TAIEY FEARl Al AE s v AP ZFe

Y o
N
LI
ol
i o

_Or‘,
£
M
>,
[
o,

T Ao g I IDC AFFOZ A5 4= Q= AFAE5(Project Activity) 52 AFA717H}
AFRE ZARboko] Aotal, AFF e =823} PDM QK2 THEA ot ot Z162 PDM

A @70 A o]Fof A of oh= THAH 2UYE Kol ok HH & HaloA=
Y A @HAR] =22y 4 PDM” SAIE o= AUl

84 AA A=



@ HZAL A O[GHARL 24 @ ZHE2R|(Problem Tree) 2 @ ODA At =0t @ =2|2% % PDM

2
&ixto| H|
_ - 2R . o pin
. SR ) ZHEA ODAMSE SHAIDH Sz =2
(R0l A2 Z0t EHoES olst Afei| =l =
ECER = 5 2 TR AEE ==
RCER S o5t AIHEHE -
=i [ (Core_ Problem)0il WP T|?_ Ah:.%_? L4 7% U POV
AST3, LYk §dol ol (Project Activity
xol ) Argdn =8 4%)
=S Z1t o} )

I 1 | SN FEERR PDM

Lt =22 A

oA PDM< /dsk=tl APHZAG L 24 AIFUES =214 F2E EHSt= Z2AEQ] =
22 (logframe)S AHE7|Z SHHIH 2). ZRAEI] =] “AdLE(activity) 22 At
AAREE(output)°] A=A 1 AFEEo] THA] AFY 9] ATHoutcome)?} & (objective S

AHY S E(impact)
TEOE S 2E 7Y

*

At A 3Houtcome)

S7HE s&0tg 7t 28

.

AHY 4482 (output)

sEc2 21 SLE SLUHE Ao

2%
= 7HaAlE 22 EaE g A
2 ssidE 23z STy gF

<
AM EHE (activity)

YARSS AT OS2 AY(orEed IHE M T2ZE S
Al= 8 HARSE ST FXHETEE

SHUY HUE A A UE gX(HM BRI, ¥sEL B
ALY HHFINE, Y, 2Ed J)

211 Si4tE divd gai 2E| S5 FrAE )
Al 221 2.1.2 2 EEUE O & HE(EDLE, &% &)

{component 1) 221 SLAE o[ & 55, & F)

222 SHAEE 2B =X =4

SHM4E YAUHEE | 231 Y4E TOIERE U HHE A

232 FEE LE SH FEU0 BE

A 28
([component 1)

I

1.
1.
12
A AZg 22 | 1.

a8 2| =22 €0 - SEXGHLA
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3
o
)
Q
3
of,
ool
fllo
=
o
£
)
F[F

At S-S YERH =214 291 7H(logical assumption)2]
AA L U = Qlct, o] == TRAETL A3 ARdEs=0] THEold ARAEES T
SoJH1L o] & HIF O 2 AMFAZTE B35t 2 A&} o] FofXItk= 78S vl A

S, 5Y5E JHREoFE ARESo] ol T1Rlat o] ARl=E| g2 ARskaitt. AlElE 4
g5kl Q= AR 7]2‘:}74](1)&510 leveDQl AFFR-E T AR} 157, “II. AR B4t
Z570 &3 AFFEES FES] SEITH 247 ARIEE9] Ao E ARIAEE(L.1 A
Ae 5252 2.1 %bq'El AR BAY 5= A HAL, A= T2l THEAS T 0
e AR TE 7P 4 ke 7P ARl =771 2 Aot

Ct. PDM A|E Ofof]

PDMo]|g} &2 A AP xH(Project implementer)7} ot= & &5, AE=, AT
IF 52 AFY FAER FribA g o A8 AS5HH(Means of verification)d} A|#
(Indicator) 5ol #sto] AFAZFA}F 7ke] APHRE-S Aol li= A/EZF PDMol2tal &
= Qit}. ot 18 39] PDM FAlo|A W H=A(AYH)Q] “Narrative Summary(8.2F) o=
Impact(F&)-Outcome(’dT)-OutputRFEE)-Activity(E-5)0] A&eHct = Fs19Y &5
(Activities)°] AdP=H A=E(Output)°] TH=0lA|H, o]9] A¥=Z A3¥HOutcome)”} UEF
y AFAA|Hofl 382 FHImpact)S 7HA 2oh= =2ZQ] 30| §AA Ut o]= o] %
o A ARG Q] =2y o] 2otk FUsirt,

StH S7HFEBY Y)Y Objectively verifiable indicator(A#24 HZS X #)2} Means of
verification(54 )< 5G| 2Rt AFGE59] Hel=2 olugt A5 A H(indicator)
2 oj@A ZH(verification)@ ARI7IHE AYstA Hot. E3 W $SA(CHYol=
“Assumption/Risk(Z87H4/Y3)"' 1} “Pre-condition(AYZ7A)" & ZHdsH EH=d|, AL
O] A AgYat Il of| A A arglo] Zokg = Q= HAAH 5 AFF Y] el 4E A
T oHA Hot E3F AP0 B F= FRSARIZIIALS] o FARKAAE AHES 5)

< A,

86 AA s =



Objectively Verifiable Means of

Narrative Summary Assumptions/ Risk

Indicators Verification -
i (ps zsNE) | (@sem) | SVR/HR)
pacts ( &8k)

Outcomes (( A41t) (

e
==

Activities ( &%) Inputs (EQI= ) —-conditions

: !Ao X7 !

2}, 2HM5HPDM(O)

SJollx] A PDMe] Tt ol 240l We-S uiho s Al @ 2ARE AXW of I 13}
22 PDMo] $H3E 4= 9t PDME AR} Aol2 371 ohel AHIes 9 of 58 HUg
oka Helshs o] A, A B50] ujel s AEAES BEle] ANFH: BAA
ol AHA|F 7ol = F-851A 20]= A E(Sheet)°|th. PDM A E&= AFF-S $hH=o] mhetar 4= Q1
TR ARAQl o] ik, TRt Al olAler Aok S AR ZIzL, et @e 71,
AT, o AEE, AT 5 A AR 8 AEo] EeElolgls] dolch. A
Ao mA A e BBt ZHOIHE PDME B3] A19) S A% 4 ot o2
So], 5 AV FHBONT 2 SHE 37140 ASHAA 2710] MY BEALLe
HlE Fo ATE BAT G ohE ke TS 715 Sl o]tk Eak, AR
Y . WIHASHZA JAL AR02 A% B I POME e
e Bk POMCTE T AL S BAROM, A ALTFE $Fol) 91t o)
o1 o) 2B Sub-actvi S ESND e AL ek, S Aok o] 2 4 2
£2 A48 PDMol: 4717 AH9) RE F5-2 9710l At ek

1o
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H 1| PDM ZE(0f) - SENLA

Narrative Summary ObJeCtIV?IV Heritalole Mggns ° i Assumptions/Risk
(@2 Indicators Verification =0 71x /9|5
2 (s 25 @5ee G/
Impacts (F&)
Aol Al (food OO0 = AjgiotS 1. A= E7t - O0= HX|H Xy
Securltyl HITS FA} 2. Z2M ZA} - ZOIE RO KA} 5
2.SDG 1. glZEA 3. ¥ DB
Outcomes (A1f)
1. 57t 253 1. s7tAS S (15%) 1. 528 ZA - A 2HE 2 2dst
2. Al ETLM - N GAHHA A
Outputs (AIEE)
11 HYE S8R 1.1 AgE sEE2 20| 1. 5=y - N GHRY| AHEN 2|
1.2 AGE SR AIE 1.2 AGE ;AL £ AIAETIA - FUMCR Y T EES
1.3 HX|el sSMAEE 1.3 dX|E sSEMAEE & i
1.4 MNE =12t 14 TNNE FH2HE 74 5 AVJESSEIN; - 2MFE A AR YA
=%
2.1 SHE ShhE At 2.1 SAE WAES7H30%) 3. B ZA
2.2 FHE FAE 2.2 S SME S
2.3 Y3tE ST & 23 7EE AIY 5
Activities (E3) Inputs (F=) Pre—conditions (M3ZxZ)
114 gsE stole=2 | KOICA o AIQIEHOIR} EHY
o (AQI01AH) 00 Hhors P ERRAISE
124+ A=t ass (A@1717H 2022-2025 s AEERA SR
S EIEON P < NA9ER &
1.3 ié*fo* I**% ’Sil Pty « XtAXHoH sl

(2EXH) 00 2=

2] Zoe %t OAl ME
R, (KIHLHE) 22 AIARIO], AFRA, F2T}
AR, B HO| S
212 AS3UE(E0E 5)
KHAXHEH
2.2.1 Z2MAR(L, HX| S)
N
2.2.2 ZANZE @Ist =X
KM
2o
2.3.1 sitE BHE
2.3.2 Rz 4
88 MA sun=



3. PDM9| d3&38 AH

7t HIEE 2t27710] AL

2 A HﬂE‘* gtertold 41 Rlatgd, A33sh LA, ehertolgHe] ox a&4
A ApRIE A g A5 AR EH 0 & HEY B 2hertold AaelolA Aet 13
]| o—i‘—oéﬁﬂ‘%ﬂ}‘?jﬂt‘r AFAA 71 7H2014~2018) 302 ZAIYH] 149HHE —?}ifé)
FA=A T, F 67 ARIFEOE A E 0] Q= 5 FRERI A Aol &
4= Utk AR 470 o 287 AR (EHRY] Foll sid)ol Aol g A o FeiFa et
o A% T} FAFFA thito] FLH o g AFGAYol| FHolstgrt. AAFE AFAEET ALY
52 ol 3 2004 skt

H2 | 2Q710] #=ma 2 AL

AloiEs i AliEt= AIHEE e ARES
[HEE X7 |2t 1ads feE N BEs
. 3 2874 IS WA D2 T
ore 45 5
lerz | =22 « ZER|ERE L=366km o o5 B
SELERE:ER TN
A5y | ARITEREOMAENE | B/ | B2 | . R0 s
T L R P e Ol | oiNel | . MOISRSAE0LS
AU =
- E7 BRYUNK(295Y
C.2 2o ng(2953) . SR TS 360
_ - 12 22 Yotg2d
Mot/ o ¢ T b
NRD} W=(1,216F) - == = % 5
NRD - S « 230 23]
. OIS0 12(718F) 5
Kool 571
o WS D22 FH|

SALQ] Q] Tejigt ofuel, Agat AIE BHrlslr] sl dAFolAe 4
JJ~—X*°ﬂ qu_ Agstqict. ot T2AEO k&Y A= 7|24 R AHBaseline
survey)2t =4 RAHEndline survey) 5 A Al71EE D33 A PDM= &850 ALY
94 Hﬂi}ﬂrﬂi =X5}a1 431 atA Hrt. $H, Al x| ol 7|1 2ARALE B ARIE s &

T 30| A 5SS st T AGAZE(GTE TR o1F) AHGY A, 4TE
5 =75t PDM< 9}*3 oH U7HA| ETHER 3).

0 ﬂl
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B3| AYAIZIE PDM 204 LHE

A A7 AZ 2EH(Means of verification) A7t TA|
fel x7| 7|Z=M ZAHBaseline Survey) ARiEs 2l X8 MY S

At =7t Z7tM4 ZAHMiddleline Survey) AMEZ(Output)
AEZ(0utput)

AN =2 Z2M ZAHEndline Survey) Ef P
A7t=(0utcome) L2

_ _ ) A1=(0utcome)

PN =1 AE L7 EAHPost-evaluation Survey) OJE

AsHImpact)

Lt ZALES ?lot SEHEAER

HEY ODA AFE2 6719 AF R0l thefel st s = dAE 4% =530
ARG Q1 Ho] AMY L] AA| SRS i E St At FEAE-E FE3 = Tl
T2} AAFHEEE R A H(district) 32 HHE(commune) 5°] Ao]5HA] AFYE50]
Zrofat Abalo] Eotth ol E 4= 7|RARARE 91T ARIE-EE BT FHE5H ;ﬁﬂﬁ}
AL o]ojR|= off 1 4= AdSeiAtet i FENT 2295 Hojal

rr
o e o
i M o
r°"

AEE BLS* L& (population)
1. 27244 T1 = L2AHo Gj8E FE 28 IR JH7
AE A= U 7|Et B (012 Z=010] F|OH0| M2} CH2)0] HElS w2
2 SIHAIHOIS THt 2 = 2 7|5t (OF2 F=019] X(oto)| wet CHE) o siEtg w3
8 SU Ot22 7t
SU 239 sileig 2 871eisun 715, Or2 29,
3. ol es 3 | SEis =2 8 742 &2l 7+, ot
NE X225 R
4.WS T4 Of2| ME4E Al Sl of St WA}

OrS 271 SAKH 2 ZAAL IR HA 29, XY 927, ZE 8 7H°|
5. 271 T5 Saemaeul Undon (SU) Ot22] 014 918}, 5= =2 519 74 Q4
=]

E2I 25749 i 3 7|EF 8 71 X|7H S 2tL7Nt0] Al;

6. XLy Té 2t #M & X7 MO HR S2H

=

90 AA 5=



(T2) Hholds in 8 5U villages

(T3) Hholds, village staff,

commune staff in 8 SU villag

and 25 communes
for 5U training (T4) Students, teachers

in 3 schools selected

(T6) Managers of
district divisions and
line departments’ divisions

fural
8 districts

road mmmul‘ll‘.‘.s,
& Lao Caj City

T SR HE(366km, 2870 BF), 72 874 AYOEME, T3 MOLER S, TSRS+ UHAY U 7SS,
TS SRHAHATHMHEZFE E), Te X2HEHE - HEY 0DaAM Y 67EAM S E(6 program companent)

Source: IRC based on the latest Program Action Plan

SU; Saemaeul Undong; Hholds (Household)

I 4| 7IENENS ISt AL MOl DY

ot EEZA2E(O)

Atdz71o] AAlE ]ifﬁilx}ﬂ 5t FEZAL A4 = ol X 5= T2 AM(TDT 870 A9
RS 7EH(T2)2] FAFAIE 93t REZEAIEE HojFq Q). £3], ARISSIA7} oF 19183
7M7Y AFSleke E2 A9 A9 R EEFZH(Cluster Sampling Approach)S ARS8,
BA ST ARFSERHCF 48077 A2 AR 2] 39 FAIFE(Random Sampling
Approach) B0 2 ZARE AAEIAT) 7124 ZAR)] AolA ZHValue)S 33 A1 EHso]
FaAIFA o]FolA= FRH7FE 9l W2 AR F T Aol ¢S A =

H5| SEHSMHEEEY) 482

T1: E2HHRE BEZO - oF 1018M7720] Pot= ZETHO thet 90%2| A2[=2t SIELX 5% E 7HK=
HEHEEXCR2 3770|C 2 EEFEH(Cluster Sampling Approach)S 2-&510] =2 A CHAF 3074

[=]
OISIES 4 HHGHD DISY PX9I2 13712 5718 AT 15 39070 ZAIGHKinformant)E A1Z3!.

T2: A\|HOISEE TEXIC - ot 2AQIZEH(Random Sampling Approach)S E&0610{ A0S <f
4605710l et 95% AIZ|T17E 5% LAMHRAE 7IX|= HEEE 37|= 210F0|Ct. 87HA|H0IS EE 2674
S/t TSI EE 21071 ZAHARE MFE

=2 L-O
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Ot Al Al7|2 PDM €&

et 7lolguEa Gojt AUBES TS AABRE uikoR 201519 Zulof wEet
Q7toIAIIe] AlgzT] Bl 7| 2AEALE AX A

)
L Ru)
off
N
B
:
I
5
Rl
rlr
>
=
:LJJN
o

M4 % AU AYFR] o] FolX F2Ble] 9HA 2016950 LG MIS
BAZE)E F712 AAst] AZ7]H] WakE ZHSlelk. B MIS 29 7} b
I HIAE AT DY PV1H0E FERAS Fo) 44 B2 FRo=

ju:
HE

| L é
Hoke FHIZ AP olF ARiF=T|ole T2 RARE Aot ARiz7] A7t
AR} 7|2/ FHAE L HES F ARGIE ARME o= HUre 4= I3l oF £ 6

~{
i
L rlo v Ay ouE o K

]
el
ox.

ARAAE, A9, F= DA TI(E244) 2 T2@7HARS)2 AEEE &

52 APIE SHZIE HoiFal Q.

H6/| PDM ZEAL - HIEH 2t70[ =AY

AfSd A7 E=rSUNE:S JIE/ | 7IZMZEAL | 2016 oY | Z2M XA} A S=7|
= (objectively Verifiable Indicators) | SHX| | 2015H% M19S) e S =S
. _ 51.0%%
of AHSEAZSO| SRAE|OICI T
e |1 gEeE0l ggstinn 30.0% | (589571 (58.2%-SU, | 51.0% | 100%
SH/Yy | SgetsuRie 1790 Mo 5]
OFZS0 M BH7IK| AQA|ZH
1 ORAMEIRIABAZ T 1005 | (5895571 25.4% 25.4% | 100%
[=E=)
Al 2431 0% 14.7% 25.1%
[Ou'tdcoome] 317178 AS B7t8 10.0% | (59.942t5% | (68.7440ts/ | (68.7440t5/ %1/ | 25.1% | 100%
24/ 741 &/ 71 7t
0% 32.0% 46.0%
HAIOS S A=A 0, 0 0
327178 A EA(24) 100% | | coaom | 1osoray ol | 2190y o | 460% | 100%
1.1 7448 522 20| 366.0km 155.8km 366.0km | 366.0km | 100 %
*[*;utﬁt]? 321 5B IIEEE 23RS | 24003 15532 48148 | 48143 | 100%
33.1 A%ZG AP 4 150747 167717 216717 2167 | 100%

- MIS(Management Information System); PMCAIZI T kx| 7| GIO|H XtZ24-F ZAFEIHED | £2 ¢ T2 H0|E =38
-( ) 580 st
- AMNEEE2 ZEM ZMOI| FH3 indicatord, ; - SUs7t, Non-SUs7t4

-1 USD=22,450 VND (Vietnam Dong, Dec 31, 2015, Online Currency Converter)

1) 24E = F3A/EHA) x 100
2)  51.0%= (58.2%"*208+47.2%*390)/ 598; Z+ =X 2] FE(SU=208, Non-SU=390)& ¥g5+ B4ttt
3)  59.9¥0ME = 2 668US$/Year/Household
4) SUs7E 870 nhS/HEAl AR-EO 2 ARIE-G] Foldt 871 SUMUHS) ok QJuld,
Non-SUs7t =2 7-Holg Fo e 287) 1 57+ 9Julgt

92 AA s =



HE, 0|22 ETHAL E7IAR

oA WA} B Folat ol Areks F WhSRAY D @57141Y 24 A4 =

- X
(2014~2018, 224025 9] PDM TGANE AASIA Fek. 5 AGL BAAH 25 h
U F5AY FoE B AG T SYPE T A5 Sl 71IFL FHoz 9 e

ATt.

T2 AFRUWE 2= AT i 3 S8 3938 AdsAY 2 V&
SAHA H2A T 5 Al 1Y AFIEE(Project component)® A 0] Atk

1 A9 972 919 WAl E S olg 2AHEY, UE, AR, @S =
£5] B 589 o, J7149) BA, B AU ALY £-84, 5985 7H8A,
SYPAY B} ol v aFge) HololR W §.84, A22 ol oiF, Algole] of
i 7o) 5l o7 Wi o], ANl S 58 $UHOR 2SI WIEL AT
IDCAY B71E §18) £83H OECD7IR(H 84, B84, Tk, 447154 52 48
stoict.

ofFrs JHA F FEAFY BARAE HEst] HsiMe diE ARG vkt

Az o FoHEA, Fu71e, A A2 )9 AdEsol AgE A ojof o2 &
At offf E 72 o] AFAY] Al | AFAE-E(project component)FOlA ‘AT LS TH
2] AP} of St AR S8 ARE HofFal ot

HOI'
i,
>
b
12
ol

¢}

27| MES(outputs) SHZN - "W SE 2 S22 AL APERE
712 & 48 B
CHH| 23t | X BES+
MTErA] M7 IT *
sRE | SEOW) | [ mmy | sau| sam | G | 0OV
(Baseline/A) (Targets) (Midline) (Endline/B)
AEZ(output) 1. | 1.1 LL;HXIM 8.3km L‘éﬂxw 9 4k OIA0IA|IA
TS BISRA| | HEICHH] ZIRAIA - xex2600m, | T | M2z2000m, | 2O SIRZAL
AHE| = =] T 4 ’ e 4, i =
=8 TE o 2K K| 4.5km 2K K| 12km SRHIA

* objectively verifiable indicator
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H7| t=S(outputs) ZYZEL - ‘TS S Gl S| AR MERE

712 EHA o £
il 23 | BASE
(Baseline/A) (Targets) (Midline) (Endline/B)
1.1 =88

Mo 22 SEA

Fresrperuill It I | L | ooy
ol iz ahat | o ChH] 10% 27| iyfiags EfRIE 218ha | =© | BEEAS
A+ HesS A | S OH[10% &7t 218ha

5)

4. &

A FANTHAI AT, 4TS, B o] BEET PDMY| YAEA 24
U 2Py, e PEYAE] O3 PDM AHES ASHoR usisich. PDM B4 =
HlE S5 20 7to0] ol AWE KOICAAIOIAIS] PDM ARlleh AH 41718 4K/ 2
H,F2M ) A% AR susit. B, ofHe BANS A7 S hE FNH
PDM 713t 7| 25| ehe] e H7bast SolH Bl B o Bk el Ak
20) P A% A,

HE T ARQ) ARS] A% Thi FA SEFWALAR 42 02A) A4 Bk FFat]
FAE 7|2 EA, F2A 2 WG 5 PDMS BE5to] BUSHY 20E Hold 4 9lo
v, oS 2 AR Al 524

o] 718eA A -G AAFR 5 A RSH 52 FTHEIE & 5 Al

5) 92 7124 24201654 AU, SFL 37 vh)9] & £ 50%S7 E AER A4S
stgout Bot S4L Assht AUHOR Aol AL of2le. B, 7124 24 BIA] o5t

37 oS 2 EX /3R] WAL 175ha, BNHAS 160haz ZASHYEEE A4 75N ARQIA] o 27t &
BEg 53] AR 2| ‘I AAEE o]§T 5 Tl G4 BE FEo] GIHO R o] AHAE EE
g 4= 9 A2 ofyrhEkal Agstal Qledl, IVFsHA Y Hojel 7| a8 1 AR I B et ¢
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