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Characteristics of local climate at Mt. Hayachine on 15 June in 2016
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1. FLoic

2016 4F 6 H 15 HICERhlgINcE - 72 (EA, 2019a), 15 H-2 (3 — B — Rl pid: — mH
Yid bBNOF & HF L 722308 2 — 23 EW AR 0BT 1k TIFE R L C/NHBR — 28/ )5 — {51 H
RE L5 — il 11 (1917m) — /NHER — W8 — B Rl — 2 < I o HIG Y Blitd - 72,

T, BIUAOZE X PHOEH L wiEilo R R ENT - ER O HEEABEML T 5,
CZCIHAEAWL - Bl (1) oK RRHE % T - 50 L 7245 R A2 s 3 2, EMEH
FBCTORRMEES LT A X - BELART — 25 5 OE AR HEN A~ D 5 H %0 8 HE R
CERZHEEMRL TS, &b, MILIAREFHAR L OB OFRICEHEF(1986) 535 5,

HABEAIL GREAWNEE) L HAEGEIL (BB mIEEE) o Bl lnEm (B,
2019a) Tld. RIEE(LCREERIBBE D v . K& - AR OHEN SRR Th 5 L FEKL
T2, 2015 4F 7 A 13~14 HOKREE) 7 I —ZEAREHE coOREN (FA, 2019b), 2015 4£ 9 A
18 Ho Btz 1 co REM (BA., 2021a). 2017 4F 7 A 23~24 HoOR] 7 & — B EE <o ZAN
BXU2017 £ 8 H 25 HodbHCcoRELR EOFEH2EH 5, —77. [RINCFHERY 7 2015 4F 9
H 16 Ho/\FHHIIToRWEE (BEAR, 2021a), 2015 4 10 H 25~26 H =ZEILIkRcDO 4 F o
Uy 7Yy 7HER (FHE), B 022 5, FEEARL - ruplcofbk (BEA, 2021b)
© 2018 £ 8 A 18 Hodt 7 v 7' - B cOBEE OEFE (FA, 2021c) &L, BIREWH
e 2, b DMRNTHERITARBEGEESE. HL AL ICHEERERERIETE 2 Ll
5, ZZTCEEIMAGOY B TOENKHICE T 2 A0FHWEHOSEILIICE T 5 HHhEAR
Rtk DT R 2 WS 3 5.


Daitaro Ishikawa
テキストボックス
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1. Fblel o2

2. fARNTSTIE

REMLIIRAK (K2) CitiEs 2, AFRFMIELMEO 7 2 227 — 2 (AR - J8HE - 5
U BEKE) 41 A (HARE ER -85 - AP KB, BFE GIE - KR - Bl - 255 -
BT - AR - AR - B - A - R - XR - B I - R - SR - Kl - =BT - G -
Jb b« VO - 0 - AEE - RARIE. BRHEGR : ORAR - JEEE - EEfM - S - BTG - /U - BKH - B
R - R - AfE - Kl - BT - BIR - BN B X OCHHEE CldFER. /A, B, =
w. KRG, BKH. A&, LB O 8 sl T 2, i AR IR L HERED 7 XA X 27—
ZERWE L., MR L &b ik - [EBSEMBITT 2, 2 L CRFTOKE - ALIR - BE¥7 &
JE5 G (Ea - FUK - S0 - W) 7 -2 2RI 5, Ak, BEIZFEBIELOPEST 120km, AL
BEiZIb 75 400km, FEEFIZRG /T 400km (L& 5,

INHLORRT—2 X0, Lo - J8E - Sl - SR 2 HEE - HE L7z, Thbb, 7
Mg O Y EEORREHEE T 2 & & b B X % v 7z i e il D 25 {b % % % 58 L <A
- JOEH (B 2—7 4 — MEDEHRE) zZko (FHE. 1986 FA, 2019b). FEHTICHIAL 72,

B CIIEIIO AR T — 2 3o, L EFHOARD 5 DRR Tl - HEEIZH L »
2. T TIRRAREEREZFHT 2 & & bic, Fromilncs i 2 Jam - JE - SR - SR -
Wk B D HEE % H ISR L 72,

3. B L ER
3.1 K&

2016 46 A 14 H 9 Kot ERASX (X2 F) 206 KFrE R IC IR ISR S . ik
DARFEFEIC 992hPa DIRLE., ALHHEPE /51T 1004hPa DARSITE, s F#F & HAHEIC 1006hPa @
BRERD 0, 205 0P C, HALH/T1Z 1020hPa @ o — > 7 #E D & 5A)E O B SR D 2
TY AR EEMNA, =i RN, HHIZER, Bnaiddbdbti~dtEcb v | i c
FEARIFENR, Hoid2R, mmix, #iddbd o, Bz, RIdmmETH - 72,

15 H 9 RGOV LI R PE ICHENATAR 23 H 0 . BALH)7 1 1020hPa O A+ —Y 7 m5ED
B CHARRICIIBRTH o 7253, Bl FHNKZoMmER, B ZmeE —JLR—FERTdH
. KR IZEPIRNE 2 OB K, JAEIZFET Y Th o 72, NIt~ GR&FY) ov=
L JA AR ZEHTIZERNKTH V| 4 2000m ORI TEE TIIZES#H2 - 72208 EETIRER A
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WEHEIE N, Tab b KHOEESR Tld 500~1500m 12 80~92% D & i@ A3 5 % A3 2300
~4900m TIIIRE 10~40%TEZREHELTWE Z itk 3, £72. 850hPa DEERRKL
M (M2TF) 25 b FAKEORREESFHABN S,

IR OV~ 2 Ic X 25 - Zich 3Rt Ls X Uv < ic X 2{KHE O KRS
Lo THRMENTEREIC 6 AT T BOK I EREZ R T, KR H O K@l o KR ok
DLOSHIMT T ¥ B,

A % 1
14B8098%F 15H098%

]

B3 e S OBE. £ 5 ST < 7% 5 T

3.2 AUk & S o BE%

2016 6 H15 HO T A X A7 — 2D HEAK - Imkun(x @ °C) L fE(y - m) DBRIEN 4 ©
BYTH B,

y =-119.6x + 2011.4, R? =0.7722, r=-0.879


http://agora.ex.nii.ac.jp/cgi-bin/weather-chart/show.pl?type=au850&id=2016061500&lang=ja
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y = -38.536x + 1043.7, R?=0.3217, r=-0.567
RAKFIR DB L E W23, IS SR OB E < 13 v, B2 & o Bl LA Y & D K -
EERIROEEMIT 0.79°C, -22.66°C Tz L CH ) LEHTH 5,

LR 20164E6H 15H0.79°C RE iR, 20164E6H 15H-22.66°C
1000 1000
[ J [ J
800 "o, 800 :
E 600 e E 600
e = 7 y4—38&%x+1&87
gz 400 | y=-119.6x+ 20114 @ ge 400 —0.3217 g
200 > .77 3 200 *o
R® = 0.7722 o R
0 0 ‘\
0 5 10 15 20 0 10 20
i (°C) S (°C)

H4.mm&mﬁ15a@?ﬁ B e i, & A e o B iR

Z 2T, Rdnd b0k k*#%ﬁﬁf%ﬁttowﬁmmfﬁﬁ%%ﬁﬁﬂ9%ﬁ@%m
ﬁ\?ﬁﬁmfiﬁﬁbﬁwo;®ﬁmkbf T, Y~ EIC X - T, BEIOHEEICA
ICE N TR IC T3 L HE 3% <&Dmmitﬁt%?w—ﬁ)Wﬁfiﬂﬁ@@%é:§
HicoFEx L) 2AhH Y, Bk SR O O FICMRKE L anwkEDo, filx
TS 20m B Tl R m RS 18~28°CL KRE WARETH 5, kb, 6 H 15 HOF#KIZ, B
HclE—RHNED o7 X951, mLoRERmBHENICE S R2HALEH 072, ZD72dD
20°CHHE AT Tl EEmEIT L T2 Lo /N X WIER ZBERs R 6 5,

ST, HBMREUCTER L 300m AR o @B Ic BRE L Tl 7 — 2 ZHllFR 3 2 L AHB X <
37 2 SR D K 5720, T 2T TEHE X Y DR &L (gl 7z & 2000m 2
o) 25l d252ET, [REFICRE L CHHIi L 72, FrICREENTH 2 Rtk o &
mMIEFELFELEVEIICRET L LRD LS ICho 7,

6 H 15 HO KRR 15°CUL T, AT 20°0CUU T oM T CidKI5 Loy Th 5,

y = -169.35x + 2680.4, R*=0.7951, r=-0.892

y =-257.09x + 5116.7. R*=0.4731, r=-0.688

fEo T, FiblEIL(1917m) EE TORKAIRIZ 4.51°C, RE5dmiE 1245°CEiEE I N, &
B. RIKFIR D74 TIEEE 500m fHhE ClERIA RS ED L X H IR 25, ik, EE 1000m
L DO EETEBENEL Y BEEICHE > THXTIITIEE 2ME B2 L T Wb W 2 21T B
RICADL 720 LI NG, 72720, EXIRTIIHEYIES 2 ZHIETR L,

bID LIS, KSR 14°CLL T, mmAin 19°CRIC T2 M5 TOEY Th 5, KR
i 3.72°C, feEiAilh 15.06°CE #EE S vz, HEREI 11.34°Ce 7o 7e,

y = -152.41x + 2483.7. R?=0.8593, r=-0.927

y = -482.78x + 9185.4, R*=0.5887, r=-0.767

Y2 DHFEDHD BT CORELAE. BPLOFRICIIARY 2 hcoRERAILEERT
2L, mILEARHEAERKRE W2, ZOHORK - EmEmK[ims iazy &k h, Rl
IHDXURPE DY~ D& H 5 COMYRE, HEMTE 2 2 Lind o, kb, HLIE-
KH - S o EERR L DI Hil 5,
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KGR, 6 H15H, 15°CLAT4.51°C R, 6 H15H, 20°CAIi12.45°C
1000 . 1000
.. °
800 ) 800 ° y=-257.09x + 5116.7
E 600 Lo £ 600 . R?=0.4731
I 400 ®e I 400 o0 ®
gk y = -169.35x + 2680.4 @® Bk o .o
200 , S 200 . e ®
RZ =0.7951 ! ° °
0 ’ 0 ' o .
0 5 10 15 20 17 18 19 20 21
& (°C) & (°C)
RAKAGR, 6H15H, 14°CLAF3.72°C RiEmAdn. 6H15H, 19°CAii15.06°C
1000 - 1000
.. ® y - -482.78x + 9185.4
800 % 800 .
—~ APS —~ s R? = 0.5887
E 600 - ® E 600 .
g% 400 y =-152.41x + 2483.7 o i;% 400 I —
X = ® ..
200 RZ = 0.8593 3 200
e $
0 0
0 5 10 15 17 17.5 18 18.5 19
& (°C) & (°C)

o

B 5. 2016 42 6 H 15 HOSXURIC S % 11 72 556 D fAK - i i & e o BAfR
3.3 JBUH - 3 & 5 o B
OJiGE : 6 H 15 HD Hig KEGHE - H KB Ja0E & B o BfRIZE 6 0@ b Tdh 5,
y =-58.361x + 468.41, R*>=0.2176, r=-0.466
y = -28.185x + 437.65, R*=0.0924, r=-0.304
MEA IR w2t BEER L2 1o TRGED/N S & 2 #B(%, T abbaEdtHcoy
<~ SRR DOFHAH T CHEBRZE G, 22T, &% 50m, 100m DL EICEFZ AT 2 L AHE X
Hlo TEL RIS L L,

RAJRGE, 20164E6H15H IR EGE, 20164E6 H15H
1000 1000 .
® y--5836lx+468.41 o v = 28:185x+437.65
800 ° 8 800 ° R?*=0.0924
E 600 ° E 600 °
e iz
e 400 00. R . e 400 --....,,‘.. ¢ .
200 P SPTR | 200 & % ! e
0 $ L 4 o oo ® 0 M° 9
0 2 4 6 8 10 0 2 4 6 8 10 12 14
JEGHE (m/s) JEGHE (m/s)

6. FRAMGE - FROKIHR EGE & £ D BEfR
Of\r = 6 H 15 HOBRKREGE IR — W & FOR KR D BB E0E 38 — SR & R —
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P T, ADETHTY LMAT Y TH 5,

i 2 (M0~100m, 2101~300m, 3301~900m IZ[X4r3 % &, ABETCIIORBEH, BT
PR D . @R, MR LHEFY. ORILHOEHF Y TH 2, mRBHEEE TIzORIL
B, W - MCHREFY . @QH, M - FEEACHEG Y., QR TH D,

LLEo X ic, 6 H15 Hick W Tldv <~ DRHEITEAE Tldh v, 207 Y Icdbiy; oK
REMEEEL B L END,

3.4 Rk - AR & o BfR

6 H 15 HIZ%BUSCHMNAD D, HFERN 23 S D 7 A X 2D 20 HifiT 87%. JE 41 Hisk
T78%TH Y., /KE 05~45mm &V ~tICXIZNT, NS K=o d, EEL oERT
B 1K D o 72,

y=-27.671x + 246.31, R*=0.0265, r=-0.163

kb, MHOEBLRR T L CiERTH 528, %o X 5 i 500~1500m i 80~92% D (=1
JEHH D, 2300~4900m TlE 10~40% CTHZEE L. 6500~9000m {1112 1% 80~90% D =iw)fE 23 &

LD K E WERESN T, B TR ICEREH o 72,

6 H 15 H o Hig/MEHZE & S o BRI B &R - =i - KA - #KH - U7 - &7%)
23075 L R Y THEBIXE Y,

y=1.7702x - 71.701, R*=0.1284, r=0.358

—77. B T IHBEUNONETH Y. JRFHES RS L LT T 2 L. HB RS 7
272, 7k, BRE® 2000m FREL o ILTlRizEE A RS, 1000m fhEicey— 2725 %
hENMEZ R T (BRoMHOEEART — 2, X8 LX),

=1.1784x - 53.946, R*=0.6928. r = 0.832

it\%ﬁ%#ktmbkE%%MKfﬁﬁ%ﬁ<Lf%%%*b%&A® W Th3,

y = 1.6254x - 65.282, R*=0.1146, r=0.339

R %2 BRI 5 LB E o e (T),

y = 1.3086x - 59.535, R*=0.679, r=0.824

B/MHEMRE, 201646 H 15H s/ MVEXEE, 6 H15H, HimiFoHE
60 60
y = 1.1784x - 53.946 080 - 50 545 _
~ —~ =1. x - 59. .-
g 40 R? = 0.6928 o g 40 -7 &°
= e e R? = 0.679 o
£ 20 e 20
0 , ° 0 .." °
0 20 40 60 80 100 0 20 40 60 80 100
FERHEE (%) FHRHLE (%)

B 7. Hi/MHEHRE &SR o B fR
3.5 HEAR L EEOREG

HEE ARG O &BUIIH OREKN L T HPHORR L bEZ 545 2016 4 6 H 15 H 9 I
DR« AR - JUE - JAF OMES R EK 8 IR T, 7272 L. AL FAREFROBRIZ. x
Tl DR (x : m) Ik LTy illd & - 1R - JRGE - BT H B,

Sl D ERNE 53 AR T IR~ 10km 1ISITERRSF 2R T, I RFOKIRSMIERDEY TH 5,
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y =-161.03x + 3554.9, R*=0.9957, r=-0.998 CTHIBIREITIEF ICE\,

JEGE D ERTE A TR DM Y TH B,

y =412.5x - 224.14, R?=0.9141, r=0.956 TH V. fHDORRIMITEHKE »,

E2frokozmbe LCoRlg o5z 10.17°C, JE# I 5.19m/s L HE S D,

TR Y O EGE 2 R OSRE SR 2> S IR TRk 72 K, AR, mE, JE
13 10.29°C, 46.44%, 277.5° P4, 2.62m/s TH 3, 2 mEOKRD TN E , o, JEH
1 2033m T 2m/s & /N 723 2 HRHEEME 2N X v s, RO 2 5 DHEE 5.19m/s A3 &
WEHBTHS I,

KICHKHD 10km £ TORENA 2D 2 VI O W BN % 505 2 & D SRTE I3 D 5R

Gk, R, A, FUE) 12#nFh 10.17°C, 53.37%. 277.5° P, 2.62m/s LHEE I 7=,

mIIAS E LT, FKHD 10km F COMESFRAEE 72 IFEEDOLE R OKR L EE 2 mfEo
AR (10.29, 10.17°C ;5 46.44, 53.37% ; 277.5, 277.5° 55.19, 2.62m/s) OFiF, 2N Fh 6
A 15 H 9 [ 10.23°C, 49.91%. P4, 3.91m/s LH#EE SNz, 7272 L, MFHEEIC 2w T, FKH
v ~=2Eic LT T o 7 = — VRO FE - 28553 5 28, [iRIZEGEA 5§72 DR b
FELAVWELTOBERTHVEZBRICIIFEL W3 LHBINE =0, Kl S 0 Ritlig Lo
BEINBE S LS5, BEMIME, &L 6 H 15 HToFH - REM L[R2k
LTwseEZLNDS, mLoRRE LTCTIEOHE - ZEW. )= 3000~5000m D554 - §Z
BEOREDORH AR L T3 LiEllan 3,

MESEFE LS RS L, 156 H I KFOBE I3 ED 70% 2> 5 1000m T 92% D &I 7 % 23,
ZEL 723534 L€ 4000m T 9%, 2500~5000m @ 10~30% X4FEcH v, 2 nbl LoE
FE (LUE) THEJE L T 6500~9000m T 80~91%DEiE23% Y 10km Tl 60%TH 3, JHHE ZH:
A5 4600m F TliE 10m/s AT CTH Y, USRI L € 11km Tl 30m/s @588 o ff P
TH 5, FEIIH EOFEHEZE Y 225 1300m TR, 2000m THLFE D H 5 A% 10km F THEF Y Off
PHRTH 5,

6 H 15 H 21 FEDSRE i 1 X 8 D3 ) TH % . il & B DBIRIZ X D@ Y BRI TH Y .
Hithlgg ¢ 9.89°CTH 3,

y = -163.18x + 3530.1, R?=0.9967

3T 2 ROl X 0 sk 72 it L oo S, MRS, BUE, & iE 10.12°C, 70.21% (BH
¥¥ 94.1%). 6.65m/s, 233.8° FlETH %, XumlI2EOBFEROfHE L IZIEFLETH 5,

RICHEDFZFEL K B2 L, HE~10km O KB IZEMRBEGRTREINZEY TH 5, MR
BT R D 67%2 SR L T 155Im T 89%, 1879m T 69%7x & 70~85%TdH % 7% 2800~
6300m T 91~99% D% iRfE43% . 10km Tt 70~80%TH %, FHIIMHED 6.2m/s 7> & &1
L T 300~500m TRIE D 13~14m/s DEHEMN A58 & 72 v, 1000~2700m IZ 6~7m/s D5,
WAH 0., DEXE ML 5200m T 15m/s. 6600m T 20m/s. 9000m T 30m/s. 10km T
50m/s & 72D, 12km Tl 80m/s DY = v bRGE (9 KF & OJREGEZ 23 BEE ., ALIE - BERF Cl3/h &
VW) o Twd, EAEIZHE~1700m DR, 1000m TR, 1700m TEPE, 2000~5000m T
PERAPE~FEPE & 22k L. 5500m CTHEESPE. 8600m~12km CTHDOREATH %,

T T 15 HI9KDALIER - FKH - B o mE AR 2 T 2 & SUn oMk & 5l LA Y
(ZFLIR 18.2°C. 7.7°C., #KH % 22.4°C, 10.3°C, f§#f 17.4°C. 10.6°C T, fLigDAtH & L T DK,
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KHEDET D 7 = — Vi AE. BB OMNK COMIEA HZ D, HIHEE CIXALIE 63%. 51.7%.
FKH 70%. 46.4%. BEEF 95%. 92.6%C. ALME - FKEH D ¥~ o NEEE Tl < oizifticxf L <
BEET DR IC P LIV EM K ORI CTv 5, JEE TIEALIE 9.0m/s, 3.4m/s. FKH 3.6m/s,
2.6m/s, fE%F 1.9m/s, 6.7m/s T, fLIRD R OFREUC K L CIITETOF A & fFEF o Hh3R T D 55 R
g 2 INTEcomBUb 2 iz o, BIaOFLIRRI R, Ph, PR, P9, AEETILOR. PHrEPE
<, fLiR - KHO Y~ DA MiloFE, fEHOENK - Y~ Ot E~HILERAOHE L H 2
—77. 3 M & b BRI Tt L BE RGO S A Y C o CEBRER

KIT 9 B it 1 o EfE AR A & ETERE 14 B (RS SRR oRRE2HEHT 3 &, Sl
1Z 15°C (3 *F#5 9.5°C+ i 11.34°CoH Il 5.7°C). {REIL 93% (¥~ OFEHIEE
MR OB O, JH0EIX 4m/s (3°F), JAmMIZFEFF Y (3 FH) LiEMEIns,

nBEMESFT. LY EEE coRRoMiE B2 & SR ER T LR IZ 1R 18.2°C,
B 9.4km-40°C, FKHIFHEEE 22.4°C, 9.7km-40°C, fHEFIZHIFK 17.4°C, 9.9km-40°CTH 3,

FLIR D IR 13 T 80% LA T T, 4500~6000m (3 10%FLE Tzt LT\ %, FKHIZ FEigic
90% T2 DITEI A H . 3000~4500m |F 10~20%F2RE TRzt L T\ 3, AEEFIZHE E~3000m
12 90~100% TiiM-cdH v 4500~7000m |F 20~40% CTHZME L T 3, it o THRMIEILIAT T
TJ& 2000m Tl% 90%LA ¢, @ 3000~5000m Tl 209%FEEE TR L T B,

FLISE D JRE 13 5 T I8 IC 10m/s FREE o ek, 4500m F -C 3 55 U, FKH - B ET 13 ~4200m
% 2~8m/s DFFEIELH 5,

FLBE D JA R O T & XA EF » 1800m A HPEEF O . FKH O T IZFEHREF Y 1900m 2> HPEEF b . ff
HoTREIZHEEFY 1700m 255 ) TH 5,

Sdm - MBS, 6 H 15H9:008 g JEGE - JEmE/10. 63 15H9:00 5 bl
= 100 ® ° - 40
X “ o o® °%% = °
& 50 ' g * ¢ 20 —y
mg] o N ’ (]
z 0..& E W o
z 0 S E  eugeagettes®
0
. 0 2000 4000?@(&%.1000012000 /;
6 50 °® Q 0 2000 4000 6000 8000 1000012000
= 1 (m) £ 25 (m)
g )
Ix =
o XU @ HxREE @ JiliE e JEf/10
A AHAHEEE, 6 H15H21:00 5t JEGE - JEUE /10, 6 15H21:00 5 g
100 %® oo o o 60
< e =40 o‘.
50 - D)
=
3']3 0 \ ° o = . 1
. 0 2000 4000 60@) 0001000012000 :
—~ [} “» 0 2000 4000 6000 8000 1000012000
O -50 - %o = .
E]'é = (m) @ 25 (m)
i =
oK elnfE @ iE @) /10
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X 8. 201646 H 15 H 9K - 21 o fkH DO EERAR L s o B%

4, Lo

WAL T 2016 4 6 A 15 HO KL X 2000m LT O FfEiZ v~ @ <TH - &l /&
ER CHZME. 6500m~10km © L@ 13A74 ) OEIETH - 72,

TRAXAT — 2D HERAK - e i & BRI HB 12 5 2 3@l o [ARiEE 12 # L v, mIilok
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Abstract

Wet crop (e.g., paddy) is one of the primary food sources in the world. Located in the tropical-humid region, paddy is
the main agricultural production in Indonesia and is divided into the wet cropping season and the dry cropping season.
The crop productivity is relatively higher in the dry cropping period due to the availability of sunlight and less clouds
which support the crop growth. But there is a high risk of drought that could affect the crop production because the
water supply often relies on precipitation especially during the rainy season. Many methods have been developed for
drought assessment, one of them is the Standardized Precipitation Index (SPI) found by McKee et al., in 1993 which
only requires long term precipitation data for the input. The SPI analysis was conducted using GSMaP which has a high
spatial resolution. According to the correlation analysis between SPI index and drought affected areas on city-scale,
SPI-3 in August is the most suitable to assess the agricultural drought in Indonesia. Based on the correlation analysis
between SPI-3 and crop yield, the agricultural drought assessment is more suitable to be conducted on a grid-scale
because of many local characteristics on fragmented agricultural areas which contribute to the response of wet crops to
drought. For the spatial response, the lower crop yield loss is found in the area below the threshold value (r-value < 0.6)
or the region where drought is not the main driver of crop yield loss, even in the area that was hit by drought the hardest
because there is the existence of irrigation system. But still in the region which has a high correlation with drought
(r-value > 0.6), the existence of irrigation systems cannot withstand the drought event resulting in higher crop yield loss

when hit by more severe drought.

Keywords: Agricultural Drought; SPI; Wet Crop; Dry Cropping Season; Temporal Scale; Spatial Scale.

1. Introduction

Agricultural drought started from the lack of
precipitation (meteorological drought) that damaged
the agriculture area and affected the crop production.
Standardized Precipitation Index (SPI) was found by
McKee et al., in 1993 that it can be used for drought
assessment and only needs the long-term precipitation
data (minimum 20-30 years). By using the probability
density function and normalization, the SPI can assess
the wet and dry conditions over any regions (drought
occurred where SPI = -1). Another benefit of SPI is
the temporal versatility so it can be calculated for
various timescale according to user’s interest (WMO,
2012).

Many researchers have also used SPI for agricultural
drought assessment, but there is no general agreement
reached to determine the most appropriate timescale to
be utilized. For example, Ali (2001) and Ji and Peters
(2003) found that SPI-3 is suitable in Turkey and U.S.
Great Plains respectively. Meanwhile Iglesian and
Quiroga (2017) use SPI-12 as a climate indicator for
measuring the climatic risk to cereal production.
Moreover, there is still less discussion related to the
agricultural drought on wet crops (e.g., paddy).
Located in the tropical-humid region, paddy is the
main agricultural production in Indonesia. The crop
productivity is relatively higher in the dry cropping
period due to the availability of sunlight and less
clouds which support the crop growth. But there is a
high risk of drought that could affect the crop
production because the water supply often relies on
precipitation especially during the rainy season.
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In this research, the objectives are i) to determine the
most suitable SPI index to be utilized for agricultural
application in the tropical-humid region, ii) examine
the spatial response of wet crop to agricultural drought
on city-scale and grid-scale. The focus on this study is
the wet crop during the dry cropping period.

This research was conducted in West Java as one of
the provinces in Indonesia with the rainy season from
October - March and the dry season from April -
September. According to the World Bank in 2016,
31.46% of the land is agricultural land, dominated by
paddy fields, which is very vulnerable to drought
events. The results of this study will be helpful to get a
better understanding about agricultural drought impact
on wet crops.

2. Materials and methods

The precipitation data collected from Japan
Aecrospace Exploration Agency (JAXA) provides near
real-time rainfall data on their product called Global
Satellite Mapping of Precipitation (GSMaP). The daily
precipitation data are available from March 2000 -
present date and were retrieved across West Java with
0.1° x 0.1° resolution. The agricultural statistical
dataset in this study, drought-affected areas during the
dry season and the crop yield (annually and monthly),
were obtained from the Ministry of Agriculture and the
Agricultural Agency of West Java respectively.

SPI was calculated based on the GSMaP
precipitation dataset for various timescale (SPI-1,
SPI-3, SPI-6, SPI-9, and SPI-12) with different month
reference from January - December which is associated
with the dry cropping season. To determine the most
suitable SPI index, Pearson correlation analysis was
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assessed  between  various SPI  index and
drought-affected areas. For the grid-scale analysis, crop
yield estimation model was generated using stepwise
multilinear regression model from the vegetation
indices or the Normalized Difference Vegetation Index
(NDVI) obtained from MODIS/TERRA with 250-m
resolutions. Then, the correlation analysis was
conducted between SPI-3 and detrended crop yield.

3. Results and Discussion

Mean SPI| Correlation with Drought Affected Area (MPD Dataset)

SPI-12

SPI-9

SPI-6

SPI-3

SPI1

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

Fig. 1. Heatmap of Mean of Correlation Value
between SPI Index and Drought-Affected Areas
Figure 1 showed the heatmap of average correlation

value where vertical axis indicated the SPI aggregation
timescale and horizontal axis indicated the month
reference. The shaded area on the heatmap involved
only a wet season which is not a target period of this
study, so the result is not included. Based on the
heatmap, the correlation resulted in negative values,
indicated by the red color, meaning that the decrease of
SPI index, or a dry condition, is associated with the
increase of drought-affected areas in the agriculture
area. In addition, the highest correlation was produced
during the SPI-3 in August thus in this study SPI-3 was
selected as the most suitable index to be utilized.
Moreover, this also coincided with the peak of the dry
season which is very significant to the crop production
during the dry cropping period.

Spatial Distribution of r-value between
Detrended Crop Yield and SPI-3 (August)

W65 nio w5 B0 W85

Fig. 2. Spatial Distribution of r-Value between

Detrended Crop Yield and SPI-3 on City-Scale
After the most suitable SPI index was determined,
the correlation between crop yield and SPI-3 was
assessed on city scale. The result did not produce a
high significant correlation caused by the spatial scale
of the assessment and the uncertainty in the subround
dataset. But there is a different response in the northern
area (irrigated by dam) and southern area (irrigated by
river or wells) which indicates the importance of an
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advanced irrigation system. In the northern part, severe
drought events did not result in a high crop yield loss
because there is still water supply for agricultural
activity.

Correlation between SPI and Detrended Crop Yield [2019]

11
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Fig. 3. Correlation between Detrended Crop Yield
and SPI-3 in 2019 on Grid-Scale
For the grid-scale analysis, 2019 was selected to be
the focus period because this is the most extreme
drought year. On Figure 3 it can be seen that the
irrigation system was installed in the area which was
hit by drought the hardest (circle shaped marker). The
threshold value for r is set at 0.6 because the grid is
located in an area with a value of r > 0.6, almost all of
them experience crop yield loss with various SPI index
values indicating the drought event as the main driver
of crop yield loss. This was proven by the red circle
marker, the high crop yield loss occurred in the
irrigated area when hit by the hardest drought meaning
that there might be failure in delivering an adequate
amount of water. Meanwhile the region which is still
irrigated by local water resources (cross shaped
marker), even though it is not located in the extreme
dry region, the water availability is still very dependent
with precipitation that might be dangerous in the future
because of climate change impact.
4. Conclusions
This study was conducted to assess the spatial and
temporal response of the wet crop to the agriculture
drought during the dry cropping season. SPI-3 in
August is the most suitable index to be utilized and the
assessment is recommended to be conducted on
grid-scale because there are many local characteristics
in fragmented agriculture areas. Based on the
correlation between SPI-3 and crop yield, for the
region which has a high correlation (r-value > 0.6), the
existence of irrigation systems cannot withstand the
drought event resulting in higher crop yield loss when
hit by more severe drought. Meanwhile, for the area
with r-value < 0.6, the low crop yield loss was
observed both in irrigated and non-irrigated
agricultural areas.
Reference
World Meteorological Organization, 2012:
Standardized Precipitation Index User Guide (M.
Svoboda, M. Hayes and D. Wood). (WMO-No.
1090), Geneva.
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Performance assessment of Global Climate models (GCMs) is vital for the reliable estimation of important climate variables
for the Effective management and planning of water resource. In this study a statistical performance indicator called, Kling
Gupta efficiency (KGE) was considered to assess the performance of 19 different GCMs from Climate Model
Intercomparison Project Phase 6 (CMIP6) dataset at the common 1° spatial resolution for the period of 1990-2014 considering
Afghanistan as the study area. Rating Metric (RM) was used for final ranking the models based on their ability to replicate
historical monthly precipitation, maximum and minimum temperature. The performance of GCMs was assessed using
gridded climate data obtained from Climate Research Unit (CRU). The study revealed that MPI-ESM1-2-LR, ACCESS-
CM2 and FIO-ESM-2-0 are the best models for simulating the all three variables. Mean ensemble of selected GCMs revealed
an increase in maximum temperature, minimum temperature and average precipitation change under SSP1-2.6, SSP2-4.5

and SSP5-8.5 scenarios, during far future (2075-2099).

Keywords: Climate projections, global climate model, CMIP6, Afghanistan

1. Introduction

Global Climate Models (GCMs) can be used to
predict future climate information. The GCMs project
future climate based on different assumptions of future
changes of greenhouse gas (GHG) emissions, land use

and socio-economy (Taylor etal.,2011; Chen et al., 2014).

The change in global GHG releases and socioeconomic is
related to the political strategies at national, regional and
global levels.

The objective of the present study is to assess the
historical performance different global climate models in
local study and to project future climate of Afghanistan
under different scenarios. Nineteen GCMs based on their
availability for the study area are used for this purpose.
The capability of the models was assessed in simulating
the spatial and temporal variability of climate for annual
scale.

2. Study Area and Data

Afghanistan considered as a study area in this paper. It is
located between latitude 29° - 39°N and longitude 60° -
75°E with an area of around 512000 km?. Afghanistan
according to Koppen-Geiger climate classification has
divided to different climate zones (figure 1), from arid
desert in the southwest to polar tundra in the northeast of
the country. Pular tundra region receive high annual
rainfall (>1000 mm) and the arid desert has the least annual
rainfall of (100 to 150 mm).

CRU gridded dataset from the University of East Anglia
Climatic Research Unit, was used for assessing GCM's
performance in simulating monthly rainfall, Tmax, and
Tmin. with resolution of 1.0 x 1.0.
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Figure.2: Study area and different climate zones

Nineteen CMIP6 GCM's were used to assess the future
climate projection for three different future scenarios
over Afghanistan. The GCMs were selected based on
availability of projections of three main climate variables
rainfall, Tmax and Tmin, and their availability of future
projection for SSP 1-2.6, SSP 2-4.5 and SSP 5-8.5.

3. Methodology

In this study, the CMIP6 GCMs replicate the historical
annual rainfall, Tmax and Tmin over Afghanistan. CRU
gridded dataset was used as a reference to represent the
historical climate of the study area, all the GCM
simulations were gridded to a common resolution of
1.0°x1.0°. The methods used for the comparison of
GCMs are elaborated below.

The Kling-Gupta efficiency (KGE) (Kling et al., 2009)
metric was used to evaluate the association between
gridded dataset (CRU) and GCMs and to select an
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ensemble of GCMs based on their past performance. KGE
assesses bias, correlation, and variability together and
provides an integrated metric in a range of 1 to -0, where
1 indicating a perfect match and its equation is shown
below.

u 2 JGCM/M 2
KGE =1~ (r—1)2+<ﬂ—1> | —L 1
HTEf ref/#ref

where Ugey and Uyor are the mean, and ogcy and oy.f
are the standard deviation for GCM and CRU data,
respectively.

The rating metric (RM) used to find the final rank by the
combination the rank of all variables

n
1
MR =1 ——Zranki
nm

i=1

where i is the rank of GCM in the ith variables and n and
m are the number of variables and GCM respectively.

After the selection of high ranked GCMs, the ensemble of
CMIP6 GCM rainfall and temperature projections for SSP
scenarios, for three main periods (2020-2044), (2045-
2069) and (2075-2099) were compared to that of their
reference period (1990-2015) to assess the changes in
Afghanistan future climate. The maps were prepared to
show the difference in the spatial distribution of rainfall
and temperature projections by CMIP6 GCMs.

4. Results
4.1. GCM selections

The performances of CMIP6 GCMs in reproducing the
annual rainfall, Tmax and Tmin based on KGE metric.
The results revealed that FIO-ESM-2-0, ACCESS-CM2
and MPI-ESM1-2-HR has higher KGEs for models for all
three variables. The spatial distribution of bais in Tmax,
Tmin and Rainfall in high ranked models are less
specially in dry areas (south and southeast) compare to
other models

4.2. Projected change in future rainfall, Tmax and Tmin

A multi-model mean ensemble (MME) was formed from
the three models with highest KGE. Using the MME, the
change in rainfall and temperatures were calculated and
presented spatially for three futures (near future 2020-2044,
mid future 2045-2067 and far future 2075-2099).
compared to the base period (1990 - 2014) for the SSP1-
2.6, SSP2-4.5 and SSP5-8.5 emission scenarios.

Figure 2 shows the projected change in (a) Tmax and (b)
Precipitation change. The highest change in Tmax is
projected in SSP5-8.5, far future and northeast of
Afghanistan.
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On the other hand, the annual rainfall was projected to have
a positive in the range of (2 to 30 %) and the maximum
changes is projected to the southwest of Afghanistan.

(a)
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ird
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Figure.2: Spatial patterns of changes in (a) Tmax (°C)
and Precipitation (%) over Afghanistan using MME of

CMIP6 for three futures periods and three scenarios.

5. Conclusion

The statistical metric has been conducted in this study to
evaluate the performance of CMIP6 GCMs in simulating
historical climate. Besides, the MMEs were used to
project the future climate for different scenarios. The
study revealed a higher increase in rainfall and a
significantly large rise in temperature for SSP scenarios.

Reference:
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