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ABSTRACT

Statistics Korea has reported estimates of rice yield based on a sampling
method (9.15 estimates of rice yield). They collect the number of hills per
1-m2, the number of effective panicles per hill, the number of filled grains per
panicle, and any damages on rice plants from 3,359 sampling fields over
the country from Sept. 15 to 21, estimate rice yields in kg/10a. However, this
sampling method often failed to accurately estimate rice yields at harvesting
stages due to the lack of weather conditions during ripening periods. It is
widely known that weather conditions such as precipitation, sunshine hours,
and temperature during ripening periods are major factors to influence rice
yields especially after heading stages. The objectives of this present report
are to develop models estimating rice yields and to suggest their applications
for stake holders including policy implications using the APCC MME seasonal
forecast datasets.

MODIS (Moderate Resolution Imaging Spectroradiometer) Vegetation
Indices such as NDVI (Normalized Difference Vegetation Index) and LAl
(Leaf Area Index) were collected from Land Processes Distributed Active
Archive Center (LP DAAC) for this study. To calculate NDVI at rice paddy
fields in Korea, a mask map of rice paddy fields was developed using a
landuse map provided by EGIS (Environmental Geographic Information
System). There were two types of meteorological datasets which were
used for this study to reflect weather conditions during ripening periods:
observed meteorological datasets collected from ASOS (Automated Surface
Observing System) and APCC (APEC Climate Center) MME (Multi-Model
Ensemble) Hindcasts. The 61 sites of ASOS which have longer than 30
years of climate datasets were selected to collect the observed precipitation,
sunshine hours, and temperatures. Those datasets from 1983 to 2010 were
collected for this study considering the period of APCC MME haindcasts.
Even though the 16 GCMs (Global Circulation Models) were used generally
used for the APCC MME technique, 6 GCMs including APCC-CCSM3
(APCC, Korea), MSC_CANCM3 (MSC, Meterological Service of Canada,

AT i



Canada), MSC_CANCM4 (MSC), NASA (National Aeronautics and Space
Administration, USA), PNU (Pusan National University, Korea), and POAMA
(BOM, Bureau of Meteorology, Australia) were selected to collect the longest
hindcast period. Since MODIS Vs from the Aqua satellite were provided from
2002, we had to configure the model set so that we can have the longest
period after 2002. A simple composite method (SCM), a simple ensemble
method, was applied to these six GCMs. However, the resolution (2.5°x2.5°)
MME hindcasts might not be adequate for an agricultural application in this
study. A statistical downscaling method using EOFA (Empirical Orthogonal
Function Analysis) and SDVA (Singular Value Decomposition Analysis) was
applied to provide monthly precipitation, sunshine hours, and temperature
at a station scale. The statistical downscaling method estimates station-
scale meteorological predictands from large-scale atmospheric predictor
variables including SLP (Sea-Level Pressure), T2m (temperature at 2m),
T850 (850hPa temperature), u200 (200hPa zonal wind), u850 (850hPa
zonal wind), v200 (200hpa meridional wind), v850 (850hpa meridional
wind), z500 (500hpa geopotential height) in this study. These meteorological
variables in Aug, Sept, Oct, and an average of these three months were
used to cover ripening periods of mid-late maturing rice cultivars which are
major cultivars in Korea. Rice yields in each provincial level as well as in the
national level for the study period were also collected.

These collected datasets including MODIS Vls, landuse, rice yields,
observed and estimated meteorological variables were reclassified into agro-
climatic zones consisting of 9 climatic zones based on climatic conditions
and agricultural cultivation and were used to develop a rice yield estimation
model at national and agro-climatic zone levels. The agro-climatic zone
used for this study consists of 9 classifications including Apline (ACZ1),
Mountainous (ACZ2), Central Northern Inland (ACZ3), Central Northern
West Coastal (ACZ4), Central Southern Coastal (ACZ5), Gyeongbuk Inland
(ACZ6), Southern Inland (ACZ7), Southern Coastal (ACZ8), and Eastern
Coastal (ACZ9). It is widely known that this 9 classifications of agro-climatic



zone is more adequate agricultural applications than 19 classifications of
agro-climatic zone, since it does not require too much detailed agricultural
managements and meteorological variables. Furthermore, since any
provinces in this 9 classifications of agro-climatic zone are not divided, rice
yields in each agro-climatic zone can be easily aggregated from the those
at a provincial level. However, it should be noted that only one ASOS and
two ASOSs were located in ACZ1 and ACZ9, respectively. For the rice yield
estimation model at a national level, the meteorological datasets from the 61
ASOS, while 57 out of 61 ASOS were used for the yield estimation model
at an agro-climatic zone level. Since more than two independent variables
including MODIS VIs and meteorological variables were used for the rice
yield estimation model, a multiple linear regression approach was used.
For this study, we fixed one of MODIS VIs and select other independent
variables by the stepwise approach in the SAS software package so that the
predictability of the rice yield estimation model using both MODIS Vls and
meteorological variables were evaluated against estimates by a model using
only MODIS Vls and observed rice yields.

MODIS Vs at rice paddy fields were two resolutions and three
day-of-year (DOY): 250-m and 1-km resolutions and DOY 201, DOY 217, and
DOY 233. For the national level of MODIS VIs, the correlation coefficients
between both NDVI and LAl on DOY 201 and rice yields were about —0.2,
those between NDVI and LAl on DOY 217 and rice yields were about 0.3. That
between 1-km resolution NDVI on DOY 233 and rice yields was about 0.7 and
higher than 250-km resolution NDVI on DOY233 (about 0.6). However, those
between LAl on DOYs 217 and 233 and rice yields were approximately 0.3,
while that between NDVI on DOY 233 and rice yields was higher than that
between NDVI on DOY 217 and rice yields. For the agro-climatic zone level
of MODIS ViIs, similar patterns and ranges of correlation coefficients were
observed for the NDVI. However, higher correlation coefficients between
LAl on DOY 217 and rice yields were found in ACZ8 and ACZ9 than those
between LAI on DOY 233 and rice yields. These findings observed from the



both national and agro-climatic zone levels are in substantial agreement with
those of previous research. It should be noted that the rice paddy fields in the
rice paddy field mask map (30-m resolution) can be different rice cultivated
fields in each year and the mask map does not reflect any changes in landuse
over the study period. Therefore, it is suggested that more accurate rice
paddy field mask map should be developed for the further study to improve
the rice yield estimation model.

The PROC MEANS procedure of the SAS software package were used to
develop the rice yield estimation models, and the stepwise selection method
was used for the selection of the independent variables. The developed rice
yield estimation models were Yield=703.35NDVI, 155~34.82 (R*=0.3) and
Yield=582.99NDVI,, = ,,;-0.11P,+13.18T  ,-269.71 (adjusted R?=0.75) for
using NDVI only and using NDVI and the observed meteorological datasets,
respectively. (where, yield is the rice yield, NDVI,, ... is the 1-km resolution
NDVI on DOY 233, P, is the observed monthly mean precipitation in Sept,
andT__ ,isthe observed monthly mean maximum temperature in Sept.) With
the models, NDVI and monthly mean maximum temperature in Sept. have a
positive correlation with rice yields, while precipitation in Sept. has a negative
correlation with rice yields. MAPE (Mean Absolute Percentage Error) was
used to evaluate the developed models against the observed rice yields. The
largest MAPE was approximately 3.53% when the estimated meteorological
variables were used. The smallest MAPE (about 1.7%) was found in the rice
yield estimation model with both VI and observed meteorological datasets.
Interestingly, the errors of the estimated rice yields by the model using VI
were relatively high in 2007 to 2009 when the errors of the 9.15 estimates of
rice yield were high. The estimates of the rice yield estimation model using
the estimated meteorological variables were better than those with VI only
and the 9.15 estimates for the three years. Similar approaches were used
for the rice yield estimation model at an agro-climatic zone level. However,
very low adjusted R-squared value (only 0.1) was found from ACZ7 and
there was no consistency in the selection of independent variables over the



agro-climatic zones. A further study are suggested on the improvement of
the estimation of the rice yields for those agro-climatic zones.

A statistical downscaling method was used to provide the two selected
meteorological variables for the rice yield estimation model at a station-scale.
EOFA (Empirical Orthogonal Function Analysis) and SDVA (Singular Value
Decomposition Analysis) were applied for the meteorological variables.
These estimated meteorological variables (precipitation and temperature in
Sept. for this case) were used to assess applicability of the APCC MME
datasets. The largest MAPE was approximately 3.53% when the estimated
meteorological variables were used. The smallest MAPE (about 1.7%)
was found in the rice yield estimation model with both VI and observed
meteorological datasets. Interestingly, the errors of the estimated rice yields
by the model using VI were relatively high in 2007 to 2009 when the errors of
the 9.15 estimates of rice yield were high. For the three years, the estimates of
the rice yield estimation model using the estimated meteorological variables
(MAPE=2.23%) were better than those with VI only (MAPE=4.04%) and the
9.15 estimates (MAPE=4.80%).

Even though the rice yield estimation models should be improved to more
accurately estimate rice yields, the suggested rice yield estimation models
using MODIS VIs and APCC MME seasonal forecasts can be useful for the
followings:

1) Policymakers in South Korea can project the budget for the Direct Payment
Program by predicting rice prices at harvesting stages using accurate rice
yield estimates. The Direct Payment Program is a government program
that is utilized for farmers when rice prices fall below a targeted price.
For example, the budget for the Direct Payment Program will need to be
increased if rice prices fall significantly below the targeted price. If this
increased expenditure for Direct Payment Program is larger then budget
that poliymakers originally prepared, additional funding for the program
should be secured.
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2) If rice yields are accurately predicted, it will be possible to reduce market
variability through adjusting the timing and quantity of imported rice. A
scheme to adjust imports and the domestic availability of rice for the table
for shock absorbing in the domestic market is one of policy means that
can be considered. If increases in rice production lead to decreases in the
market price, it is necessary to delay the harvesting time and shipping time
of imported rice. On the other hand, if there is the possibility that prices will
rise due to decreases in rice production, it is necessary to advance the
shipment time and harvesting time of imported rice.

3) When rice production is expected to be greater than normal, there is a
need to prepare for the decline in the market price by isolating the amount
required for the market. Currently, there are a few means that can be
utilized for government: rice market quarantine, public stockpiling, the
adjustment of the distribution amounts using the RPC (Rice Processing
Complex), or foreign aid.

It is concluded that by providing additional information on climatic conditions
of the ripening stage of rice crops for decision-makers, the proposed rice
yield estimation model can be useful to improve the effectiveness of the
policies for managing and demand, and price stabilization for the Korean

government.
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Figure 3. Rice market quarantine and public sale amounts in 2009 and 2010
(source: Park et al., 2011b)
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Figure 4. Schematic of satellite-based crop yield prediction.
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Table 2. Two different classifications of Agro-Climatic Zones for cropping systems.

19 Categories of Ago-Climatic Zone 9 Categories of Agro-Climatic Zone
Taebaek Alpine Region Apline(ACZ1)
Taebaek Semi-Alpine Region
Mountainous(ACZ2)
Noryeong Sobaek Mountainous Region
Sobaek Mountainous Region
Northern Central Inland Region Central Northern Inland(ACZ3)
Central Inland Region
Western Central Plain Region Central Northern West Coastal(ACZ4)

Western Sobaek Inland Region

Central Southern Coastal(ACZ5)
Southern Charyeong Plain Region

Yeongnam Inland Mountainous Region

Gyeongbuk Inland(ACZ6)
Yeongnam Basin Region

Noryeong Estern&Western Inand Region

Honam Inland Region Southern Inland(ACZ7)

Yeongnam Inland Mountainous Region

South Western Coastal Region

Southern Coastal Region Southern Coastal(ACZS)

South Eastern Coastal Region

North Eastern Coastal Region

Eastern Coastal(ACZ9)
Northern Central Inland Region




Central Eastern Coastal
Central Inland Coastal
Honam Inland

North Eastern Coastal
Northern Central Inalnd
Noryeong Eastern&Western
Noryeong Sobaek Mountainous
Sobaek Mountainous

South Eastern Coastal
South Western Coastal
Southern Charyeong Plain
Southern Coastal

Taebaek Alpine

Taebaek Semi-Alpine
Western Central Plain

gt LI Western Sobaek Inland
. 0 2550 100 .
Yeongnam Basin

Yeongnam Inland Mountainous

EENRNECNENNNRRRENNR

Yeongnam Inland

(b)

[ acz
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Figure 5. Reclassification of the Agro-Climatic Zones in South Korea:
(a) Choi and Yoon, 1989 and (b) Na et al.,, 2012. ACZ:
agro-climatic zone.
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Table 3. Provinces belonging to each agro-climatic zone.
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2.1.1 A7
2.1.1.1 7531 (ASOS)
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Table 4. Weather station locations and numbers in each agro-climatic zones.

LONG'| ELEV*
© (m)

1 100 | uh¥s | 3768 | 12872 | 77257 156 | 4 3517 12689 | 72.38
21 QA | 3806 | 12817 | 200.16 192 | RAF 35.16 128,04 | 3021
212 | &x | 3768 | 12788 | 14092 256 | FoF 35.08 12724 | 7463

2 221 A 37.16 | 12819 | 2636t . 260 | A% 34.69 12692 | 4502
244 | QA 35.61 | 12729 | 24787 284 | AF 35,67 12791 | 22595
247 | W | 3540 | 12740 | 127.48 285 | gd 35,57 12817 | 3310
101 x| 3790 | 12774 | 77N 288 | ™ok 35,49 128,74 1,21
14 QF | 3734 | 12795 | 14864 289 | AA 35 41 127.88 | 13807
19 4 3727 | 12699 | 34,06 130 | &2 36.99 129,41 | 50,00
27 | EFF | 3697 | 12795 | 11512 138 | ¥ 36.03 129.38 228

s 135 | FFR | 3622 | 12799 | 24473 140 | A 36,01 126,76 | 2320
202 | 9k 3749 | 12749 | 4798 146 | AHF 3582 12715 | 5340
203 | o] | 3726 | 12748 | 7801 152 | &AL 3556 12932 | 3457
226 | HE | 3649 | 12773 | 174.99 159 | A 35.10 129.03 | 6956
108 | A& | 3757 12697 | 8580 62 | B9 34.85 12844 | 3267

4 12 QIF | 3748 | 12662 | 6815 165 | =X 34,82 126,38 | 38.00
201 A 3771 | 12645 | 47.01 5 168 | oF 34,74 12774 | 64.64
129 | AAF | 3678 | 12649 | 2891 170 | 9% 34,40 12670 | 3524
131 AF | 3664 | 12744 | 5716 236 | %o 36.27 12692 | 11.33
133 e | 3637 | 127.37 | 6894 243 | el 3573 12672 | 11.96

° 232 | ZHgF | 3678 | 12712 | 21.30 245 | AL 35,56 12687 | 4458
235 | ®Y 36.33 | 12656 | 15.49 261 | &g 34,55 12657 | 1301
238 | A4k 3611 | 127.48 | 170.35 262 | 1T 34.62 12728 | 5312
143 o7 | 3589 | 12862 | 64.08 277 | 94 36.53 129,41 4212

6 272 | 9F | 3687 | 12852 | 21079 294 | AA 34,89 128,60 | 4627
273 | 4 36.63 | 12815 | 170,61 205 | gl 34,82 127.93 | 44.95
278 | A 36.36 | 12869 | 8181 90 | £x 3825 12856 | 18,06

6 279 | M) 3613 | 12832 | 4888 9 | 105 | BE 37.75 12889 | 26.04
281 - | 3598 12895 | 9360

T Agro-climatic zone
¥ Station number

§ Latitude

q Longitude

# Elevation
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(b)
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Figure 6. Location map of the Automated Surface Observing System(ASOS) used for this
study: (a) provincial borders and (b) agro-climatic zones.



o471A, onm=spectral reflectance measurements acquired in near—infrared region
ored=spectral reflectance measurements acquired in red region
SR=simple ratio(NIR/red)

MODIS NDVIi= NIR H1=9} red WI=2] WIS Afalet gho= MODIS 418415
ARE 5 27t © AR Fo shuoltt(ustice et al., 1998; Huete et al.,, 2002).
MODIS NDVI A5+ 75 59 @& AAsk: 59 BA4ds 3l 84S 16
A FHsle] Ae)el P AlgEct MODIS NDVI= Hierarchical Data Format—Earth
Observing System(HDF—EOS) format® 2 #|Fo] =Hw, F&3t JAgE -200004]
10000Ate]9] Zho =z AlaEe] 0.00019] AAY HE (scale factor) & wallFo]ok
NDVIgks & 5 Stk

Table 9. MODIS technical specifications.

Properties ‘ Characteristics

705 km, 10:30 am descending node(Terra)

Orbit 1:30 pm ascending node(Aqua)
Sun-synchronous, near-polar, circular

Scan rate 20.3 rpm, cross track

Scan angle +/- 55 degrees

Swath dimension

2330 km(cross track) by 10 km(along track at nadir)

Telescope 17.78 cm diam. off-axis
Size 1.0%1.6x1.0m

Weight 228.7kg

Power 162.5W(single orbit average)
Data rate 6. Mbpstorbial average)
Orbit period 99 minutes

Quantization 12 bits

Design life 6 years

Spatial resolution

250 m(bands 1-2)
500 m(bands 3-7)
1000 m(bands 8-36)
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MODIS LAIE= F ¢aglsd & daglss 48s] ofHs 45 »x duglss
Agsto] Axbett) F gl v 4 (@) F(5) 2 o] A4 el 3xd HARA

o o] dEt Aog LAIE 781 ¥t(Myneni et al., 1992).
p. = flpppy LAL CC,L(0,¢)} (4)
LAI = f'(p,) (5)

9] 21S AgA] E A AMEE RExdue]ES 5 NDVIZYE LAIS
| 1t} MODIS LAI% 9JA] HDF—EOS ¥ o= A%
o] v, F&EI GRS W= 0014 10041012 Fhoz 0.1 FelFoloF G4 x]
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A zARET LP DAACOIA dlg] ¥ MODIS 2444 974> 371] granule
(h27v04, h27v05, h28v05) & o]Fo1# 3lo] ArcGIS AXEHo]9] R afo]H (Mosaic)
o ol8slo] ATBIGI olul] BAjola o & FAE o]83)o] Korea Transverse
Mercator (TM) 2.2 #H3ZERSHS s3It ogA e NDVIG dak= 7L Q=
EAlRE= 1= 0]9]9] EX|o]gX o NDVI ARE 7[XaL Qlorz B oy =3
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Figure 7. Monthly mean cumulative precipitation: (a) average of the three
months(Aug, Sept, and Oct), (b) Aug, (c) Sept, and (d) Oct.

AZELAIR}R |9t St o] b AARM oS 19



W%E (a)

alAl 0 2550 100

P igh: 2017

. Low: 165.9

hr month

(c)

0 2550 100

-
P bigh: 2033

. Low: 153.7

hr month-1

¢ .

LI km
0 2550 100

© T I igh: 2025

. Low . 1656.7

hr month-t

APLe

L km
0 25580 100

P gk zi1.4

. Low: 176.9

hr month-1

Figure 8. Monthly mean cumulative sunshine hour: (a) average of the three
months(Aug, Sept, and Oct), (b) Aug, (c) Sept, and (d) Oct.
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Figure 9. Monthly average mean temperature: (a) average of the three
months(Aug, Sept, and Oct), (b) Aug, (c) Sept, and (d) Oct.
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Figure 10. Monthly mean maximum temperature: (a) average of the three
months(Aug, Sept, and Oct), (b) Aug, (c) Sept, and (d) Oct.
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Figure 11. Monthly mean minimum temperature: (a) average of the three
months(Aug, Sept, and Oct), (b) Aug, (c) Sept, and (d) Oct.
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Figure 12. Monthly mean (a) cumulative precipitation in mm mon_l,

1

(b) cumulative sunshine in hr mon™°, and (c) average,

(d) maximum, and (e) minimum temperature in °C for Aug,

Sept, and Oct.
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21.1.3 H7)7A e #4571 8AE

b EQ71FA el o Sl FHVEHSAH B5AE(Table 4)= SAS &
A37]1A] (The SAS system for Windows, 9.2, SAS Institute Inc., Cary, NC,
USA) & ol&sto] sd7IFAERE AEFalleh 2 71540 8¢, 94, 10
2 987 A5 (mm month™), €87 FHUXAZE (hr month™), ¥F7)&
(O, g8 dH=( 0O, g8 A7 0) ATz Table 6 Lok A4
skoAck

FA7IFANE 899 Byt FAASTEL oF 254.2mm month™ (ACZ8) oA oF
386.3mm month ' (ACZ1) 9] M5 Rty L3+ 474532 4%, ACZ1 (Alpine,
ARE a1y A oA 8€o] 386.3+241.2mm month ' 2 7Y BE ARAFTHS B
%31, ACZ4(Central Northern West Coastal, =7 A% 3’k At 7} 332.8+214.4mm
month ' 2 7 TS 0|tk 1080l 7HE AL AR B SVIsAdE
37.5+30.9mm month™'& ¥l ACZ6(Gyeongbuk Inland, 3% W& At 2 el
o SISANE e FARTES A5 Fdi(Table 53 Hluwsigles ),
ACZ69} ACZ8o] tiAZ A= Fhvt 22 gh= HERASITE €72 dxr1ke] 73
T dxAte] giAFo® 71 10¥€S Awwd oF 185.8hr month 'elA 206.3hr
month 9] WIS Btk 254 dxAke] Haghe ACZ19A ¢k 127.7hr month™
o|ltk. o] A¥= 899 Ao dFFom UxAlRto] Hox7] Wl Ao BRIt
ACZ2eIME 89, 99, 10€9] 7 %4 dxARle] Z1Zb ©F 181.9hr month ',
175.4hr month™', 185.8hr month™'& 7 #:& €9 xjolg HIIth o]F ¥U/1F
AdpE E84 74 dxAIRR ACZ5(Central Southern Coastal, &E4- A5 3liQt
A o)) 2} ACZ8 (Southern Coastal, H7- 3liQt A|th) oAl A= Htgk(Table 5) K} =
Al VrERsT

ACZ1°14 84, 9€, 10€9] &gt7]o] Z12F 2F 19.3°C, 14.3°C, 8.5°C=Z 97H
FA7IFAY A HARLS ®elek v, Holgke 849, 99, 10¥2] ¥€5t7]o] 7
7} 25.7°C, 21.5°C, 15.9°C9] #& Hel ACZ8Oo® Uepdtl 93w dHree
ACZ7°M 82 30.5°CE Hugks B, HAZS ACZ1oM 10¥ 14.2°Cick €
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2 HIHE
= Aol

E}.

Table 6. Monthly mean cumulative precipitation and sunshine and average, maximum, and

minimum temperature in each agro-climatic zone.

ACZ | Month (Pmr::fiﬂiﬁlttil‘:f) (hf"::::t'lf o | TaveECO) | TmaxCC) | Tmin(C)
ASO  268.8+101.3  151.6+20.1  14.140.9 18.741.1 10.0+1.0
8 38632412 | 12774339 193414 | 23.1+18 16.3+1.4
: 9 208.14207.6 | 13834314 | 14.3+1.0 18.8+1.2 10.3+1.4
10 122141104 = 188.9427.9 = 8.5+1.2 14.241.4 34414
ASO | 17044732 | 17894365 = 18.4+0.8 25.240.8 13.441.1
8 299441624 18194438 | 242410 | 29.8+13 20.141.1
? 9 163.6£117.1 | 17544341 19.1£1.0 | 25.7+0.9 14.241.6
10 483438.8 | 18584372 12112 | 20.1<12 6.0+1.5
ASO | 16824713 | 18044272  19.1+0.7 | 25.120.8 14.4+1.0
8 201.0£164.1 | 1752+42.0 @ 24.8+1.0 | 29.8412 | 20.9+1.0
’ 9 165.14126.6 = 17644334 = 197409 | 25.6+0.9 15.0+1.3
10 4854421 | 191.8427.3 | 12.841.2 19.941.2 70415
ASO | 18444923  186.6£28.9 = 20.5%0.7 | 24.9+0.8 16.940.8
8 332.84214.4 | 172.08415 255410 | 294+12 | 22.51.0
* 9 167241453 | 183.6£40.0 = 212408 | 25.7+1.0 17.5+0.9
10 5324510 | 20444292 149412 19.8+1.2 10.7+1.4
SIZEIARIRT [t BT 0] ] AL o= 29



Table 6. (Continued).

Precipitation

Sunshine

(mm month™) | (hr month™) Tavg(°C) Tmax(*C)

ASO 167.2+74.5 193.4+£30.9 19.9+0.7 25.6£0.7 15.2+1.0

8 293.9+175.8 | 192.0+45.3 25.3£1.0 30.1£1.2 21.5+1.1

: 9 156.3£111.5 | 185.8+40.9 20.5+0.9 26.1+0.8 159+1.4
10 51.5+47.1 203.6+£26.4 13.8+1.1 20.6%+1.1 8.2+t1.4

ASO 141.7+£59.3 178.6+£33.5 19.5+0.8 25.7£0.9 14.6+1.0

8 242.6+126.3 | 178.0+43.6 25.0£1.3 30.2+1.7 20.9£1.2

° 9 145.1+£99.6 167.7£31.9 20.0+0.9 26.0+£0.9 15.2+1.4
10 37.5+£30.9 196.1+£36.9 13.6£1.1 20.9+1.2 7.5£1.4

ASO 171.6£83.1 177.7£28.0 20.2+0.8 26.4+0.8 15.5£1.0

8 299.2+158.6 | 175.4+34.9 25.4+1.1 30.5<1.4 21.6x1.1

! 9 171.0£126.0 | 164.1+£32.0 20.8+1.1 26.8+1.0 16.3£1.5
10 44.6+36.5 198.0+34.6 14.4+1.1 22.0+1.2 8.5+1.4

ASO 156.4+60.7 191.5+£26.8 21.0+0.7 25.8+0.7 17.1+£0.8

8 254.2+117.5 | 194.84¢41.3 25.7+1.1 29.8+1.4 22.4£1.0

; 9 160.1+£105.0 | 177.3£29.3 21.5+0.8 26.2+0.8 17.7£1.1
10 53.6+41.8 206.3+£28.6 15.9+0.9 21.5+1.0 11.2+1.1

ASO 213.8+67.5 164.1£21.0 19.8+0.7 23.9+0.8 16.3+0.8

8 296.2+156.0 | 148.0+£32.6 24.2+1.4 27.7+1.6 21.2+1.3

’ 9 241.2+160.7 | 157.7£33.8 20.1+0.8 24.1+0.8 16.6+0.9
10 104.0+84.2 186.6+26.0 15.2+1.1 19.8+1.1 11.0£1.2

Standard deviation of observed values are given after the ‘+” symbol.
ACZ stands for agro-climatic zones.



2.1.2 APCC MME Hindcast A}&

2 Arella] ARg-gE MODIS NDVISF LAIAFS S-S 200295 A58 #450]7] o
woll, 7Fset 7 31 7Rk ARE gRspiflel] Ao SEE ] sl AR
APCC MME AEASAR F-FA] 20029538 7hsst 7H 71 713ke] A58 B3kl
= BEES Aste] F5sisick oA A 2k APCC—CCSM3, MSC_CANCMS,
MSC_CANCM4, NASA, PNU, POAMASY] & 67) EH=z, 7 Rd 19834
20107k4]¢] 717kell hindcastA=E RHAskal Qlok 7 7 22e] 5442 Table 8
of Qofeto] AAEIE & Aol AREE i REE9 e Hd ST
Simple Composite Method (SCM; Peng et al. 2002; Kang et al. 2009; Lee et al.
2008, 2009, 2011, 2013a, b)7IM& ARSISIEE SCMZIH @A APCColM gL
2 AR T s F9) shE, 7P 998 Muti—Model Ensemble MME) 715 &
9] sfolth(Lee et al., 2009). ko & = AFroA] AREsk= MME+ SCM 7H< 9
)ik,

Table 7. Descriptions of the six dynamical seasonal prediction models used in this study.

Institutes Model name Resolution ° at Equator E;l::::;e
APCC APCC-CCSM3 T85L26 1.4 10
MSC MSC CANCM3 T63L35 1.875 10
MSC MSC_CANCM4 T63L35 1.875 10
NASA GSFC NASA 288x181L72 1.25%1 9
PNU PNU T421L.18 2.8125 10
BOM POAMA T47L17 2.5 30

A APCCollA A&dta = MME AddSaas e
2 59715 A =
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AFAAFH 7L, AHALHA|L ARE FHIIL o] g2 I A-ASAE
S5 TF8R=dl SlojA], APCCe dYd3} MODIS A4 FH57Fs A1 9 9.15

ANFAIRTAIR (92 21Y) & agse] 7€l didsk= 8¢, 9€, 1029 MME
=

B Aol ARES BAATFESA 71 Kim et al.(2004)°] 7adt whow
X2 (Singular Value Decomposition Analysis, SDVA) ¥} 34 A wsk &
- A

A

21 (Empirical Orthogonal Function Analysis, EOFA)S 7|Hto 2 =351 v}
¥} 2= 7ot

AVIM, Elxr, )=t xx&F ARE el 2] A|7] 5ol dish 743k
S)=34A71E ASAA ] tidt SVDE=S] ARAlS

Rc9)=AATF2E] | 5m59} AR clSmse] st SVDREY AR
Atole] FAL el

=R SVDEES] ARHAlR ] 2l

kA 2 ;9 ol 1o 7REE 7 REE] Addo] g Aves A
7] wjiEe] o] 7O Aol =rFalAAl Hik FtEe] dlESARte} Ao
Ho| sk EOFA W SVDAS] w48 Fall ¢ 2l(Deld Q3 RE e A

- Stk

ot

2 AFelA ARsE SAIATEEFAYS EOFAE 483ste] Zh5el 3
AAZE F, SVDAE Agsle] AR s FEo7 dok 753 4% REike] A=
FE T ARAIEeE AR EEAR] Y] ARAE kL, olE
BO] ASRIARFE AR ASHTFE ’&%ﬂ?ﬂ e ol A A<
AEehs Y2 Figure 1690 AABISIHE 2 Aol ARESE SAATTRESA 7
A7) & 712 (1997) oM Bt FAls] Z1sE o]



Station-scale Regional scale
X%t Yx o)

é . _
EOF analysis

e (x%), (V) e (x), t;(t)

—>  SVD analysis

AN /
S, T e

A 4

P Y@

Transfer function: (x*,t) = Y a; Y;()R;(x*)
a; = cor (T;, Y;)
R;(x*) = Projection of T; into X

Figure 16. Schematic of the extraction of the coupled mode between large
scale predictor and station scale predictand. (adopted from KMA,
2012).

2.1.3 ¥ 7% A7

T AAAEF Zhgel A= B Al S7FsAIEE Korean Statistical
Information Service (KOSIS, http://kosis.kr) of|A] 14134 dhol G319l olglA 5
3 o AR ARl =7 g AR (e AREsle] 975X gr
A SEYE S TSkt ARRE AT AEA ol ArcGIS AZESJOE o83t
SH7IFA e F3ldl= 7 o FAHO|ES | (exporting) $F ¥, SAS FA9)

7)1A](The SAS system for Windows, 9.2, SAS Institute Inc., Cary, NC, USA)E

Ly

HZEIRIRT |9 BIHE0] b At o5 33



o] gste] 7 Ak Aol AFSISIT) olEjg W o R FES F7| A &

= Table 9o 29okste] AAEISITE BAF A= ANECE Sk
HAAslslr] 918 201195 E dNES 97 7155(92.9%) oA 1285 7152(90.4%)
o7 WAk Table 8ol FWMES 92.9%% FUAdto] 243t 7S AASh
2000FE 201397k 4715 A Aol dasgd Avs vlwsn
ACZ57F A=t A2 w2 s Bola, ACZ9E diAl= d=g+fel nls|
W ATEgES Btk o015 2000 2013d7H4) 14359ke] B o nlwsln.
, H=gato] oF 492kg/10a0]3l ACZ57} oF 515kg/10a 2 A=33tHr} oF 23kg/10a
E3kom, ACZ90] oF 443kg/10a= =37t H]sliA] oF 49kg/10a W A5 HIrh.

2

Table 8. Rice yield in whole country and each agro-climatic zones.

ACZ2 | ACZ3 | ACZ4 | ACZ5 | ACZ6 | ACZT | ACZ8

2000 | 497 46712 | 49421 | 487+28 | 464+29 | 540+24 | 47623 | 472+30 | 486+35 | 454+5

2001 516 502429 | 501+24 | 510+£28 | 481+22 | 544420 | 500+£24 | 504+17 | 513+£31 |477+10

2002 | 471 472+21 474x16 | 470+£31 | 487438 | 505+24 | 463+29 | 443424 | 448+44 | 296440

2003 | 441 422417 | 408+33 | 435+25 | 428+31 | 467+25 | 405+£33 | 41524 | 432+37 | 410£10

2004 | 504 472+20 | 492438 | 484428 | 482430 | 524+26 | 494+20 | 491+£20 | 497+29 | 446+12

2005 | 490 48613 | 478+£26 | 478+19 | 475+29 | 509+22 | 486+26 | 47719 | 478+30 | 464+6

2006 | 491 459+15 | 461+41 | 474+29 | 465+31 | 515+20 | 488+18 | 47122 | 484+35 | 442+19

2007 | 466 449+15 | 453£33 | 456+22 | 452+15 | 487+22 | 469+19 | 445+26 | 454+30 | 436+10

2008 520 491+1 508436 | 504+25 | 505+23 | 538420 | 521426 | 512425 | 503+40 | 455+16

2009 | 534 502+3 525439 | 517+£28 | 483+16 | 553421 | 548428 | 513+£26 | 518+43 | 507+23

2010 | 483 46112 | 47640 | 444+36 | 429+10 | 496+31 | 496+16 | 473+£15 | 484+33 | 452+16

2011 496 481+3 48730 | 458439 | 42414 | 509+31 | 509+17 | 491£16 | 490+35 | 470+16

2012 | 473 491+3 480+29 | 473+26 | 462+13 | 502+27 | 497+14 | 467+31 | 451+£58 | 408+11

2013 508 46919 | 494+47 | 468+51 | 452423 | 526+31 | 517£19 | 502+£19 | 501+32 | 484+17

Standard deviation of observed values are given after the ‘+’ symbol.



Table 14. MAPE and Adjusted R-squared values for the regression models against observed

rice yields in agro-climatic zones.

VI and ASOS'
MAPE(%)
1 0.9 0.93
2 3.5 0.55
3 1.5 0.81
4 1.3 0.86
5 2.7 0.39
6 3.0 0.69
7 5.1 0.10
8 1.6 0.81
9 3.7 0.85

T VI and observed meteorological datasets were used for the model.
§ Adjusted coefficient of determination.

3.2 BAFASERAE

3.2.1 APCC MME Hindcast A&

Ag Aol dist E2)4 sixo] rhssithd olefdt WO R fRSAste] Y%
o AF 5w $- Ioka & 5 QoY) 2005). # A= EOFAS o] &3}
I 355 AAS §, SVDAE olgsto] F ik AFWEAES AR
om, Z1¥71(2005) 7t el 7]x3te] ARgSE A9 107) EOFRE9F 21(1) 9] SVDE

TR 10705 ARSIt

£ =
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o471A, onm=spectral reflectance measurements acquired in near—infrared region
ored=spectral reflectance measurements acquired in red region
SR=simple ratio(NIR/red)

MODIS NDVIi= NIR =9} red WH=9] H|E A fslst k2 MODIS 224

A5s T %53 @ A5 F9 shvfeltd(Justice et al,, 1998; Huete et al.,, 2002).

MODIS NDVI At&5+=

T 58 FFE Ak S8 BAARIE TE dEYd= 16

O =Hzlo] At ko AlFEty. MODIS NDVIE Hierarchical Data Format—FEarth
Observing System(HDF—EQS) format®.= A|3o] v, Fadt 9AzkS 2000014
10000AF0]9] groz AlFEo]l 0.00019 ~AY HE|(scale factor) S Fall5oiok

NDVIZhE T8 % Stk

Table 9. MODIS technical specifications.

Properties ‘ Characteristics

705 km, 10:30 am descending node(Terra)

Orbit 1:30 pm ascending node(Aqua)
Sun-synchronous, near-polar, circular

Scan rate 20.3 rpm, cross track

Scan angle +/- 55 degrees

Swath dimension

2330 km(cross track) by 10 km(along track at nadir)

Telescope 17.78 cm diam. off-axis
Size 1.0%1.6x1.0m

Weight 228.7kg

Power 162.5W(single orbit average)
Data rate 6. Mbpstorbial average)
Orbit period 99 minutes

Quantization 12 bits

Design life 6 years

Spatial resolution

250 m(bands 1-2)
500 m(bands 3-7)
1000 m(bands 8-36)

Source: modis.gsfc.nasa.gov



o

MODIS LAL= & €arese 5 daeles 488 ofels 44 B daelss
g3l Axkeit), F duE]ES e 2 (4)3(6) 9F 2ol A A3 3A BARH
g o] oAwgl 207 [LAIE e ¥t (Myneni et al., 1992).

Pe — f{Pza py LAL CC; L(97¢)} (4)

LA = [ (p.) (5)

o= IR (EY E sk A1)
CC=9 729 = (Closure—precent of Canopy)

LO, ©=elezh A41e] g917oltt 952t 5o 715t Au

<

T
9] As Agat] 18 A9 AT BaxdaeEe 55 NDVIEYE LAIS
Tohs AEAQ WHE A Btk MODIS LA 9] HDF-EOS XHlo® A%
o] su, FEZ Gkl W= 004 1004k019] #hez 0.18 FallFolof |

A A ZA LP DAACOIA Uiy wk2 MODIS 214845 99742 371¢] granule
(h27v04, h27v05, h28v05) 2 o]Fo1A 3o} ArcGIS 4LEg0]e] EAlo] = (Mosaic)
= olgslo] FAFEIGIT, olnl BAjola =9 ¥ A= ©]85}o] Korea Transverse
Mercator (TM) & & #3H g slivh o] gA AAE NDVIGdaks 7L Q= i
B g 1= 0] Exjo]gx| Ao NDVI ARE 7K1 Qlor=z B oy 53
A A SRS Jhdsh ]9l =AY MRE NDVIgks 58 dert Stk
o] alx] TwlAIW (paddy field mask map)S AT 30mFe EAYELE=AE
(Vector map) & 7|HFOR 3fo] 53130t & AtollA AL-S EX|uEEs S 4]
YA BAH| A (http://egis.me.go.kr) o4 Al F-8l= I|&H 24 Landsat 91439742 7|4t
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Figure 17& w=vkaadfis 5410 ARSE 712A5]1 WE s (Figure 17a) £}
30—m(Figure 17b), 250—m(Figure 17¢), 1-km(Figure 17d) == 53 2
AEIRFRS] E=rkAaafs BoFa 9tk JEtelA = wEixlEelA 13,921km”
=2 Ueba, ol YAERER W3RE A 30-miIldE HAEARdA e =
o7 BHE A F wHo] 13,921km™|%aL, 250-madE AR FAIME =
wHog B Azl F wWzo] 13,944km0]%oH, 1-kmalE e AE A=A

BHd Axe] & WAo] 13,818km* = LrERGtE WERFES} BAER}
H

[€)
Jus W 30—mal e SHAE ARl A ] wslEo]l

GEER Wasks BN o 0.16%9 WAZPE Bagon, 1-kmshw o
AEARR WBERs BelAE oF 0.74%2] o] Z7lssth we, & el
A Aemgabgels =uo] Ao WA e 30-mIYE AAEARE tevh

Ao A

HEIZLE Y B EA] =HAS A ME Apishs A9 B9 tha A
o]7} UeRstHTable 9). o]&3t zloli= EX|o]go] MAHAAY, EXo]& 1 doll=
FOF FREGCY WME Ak dar ohe AES AisA, 84 5] A o
el Zlow Helrk s wid EXo]ge] Wt wAuxeuistE Ridshs w=wks
aANe FEhedE AEs 5 59 AR dddor Evbsdsy] witdl, &
AgrellA olelst EARE SEa] fleiA =Agelx e AatE AT E FES
D3l ArcGIS AXEo]9] “Extract” £& ARESte] NDVI #i~EAtg5e} F=rp~w)
O RRE =299 NDVIgES: FE3 3 ‘Con” B2 AMESlo] 2]4AY0] BE 0.29]
73] NDVIgks 7HER Q@7d%ke] 2000 (ZakAbd, NDVIgEe] 0.2)od]l ahvhs: ARE-
ato] Bteh ghs ARESIITE SR Bt kel =ukagls 538E71918A 2000
dd) Exo] 2] ®ish} MAmA s JFs] wgste] =rkiafs 758k A7t
Ao Zlow wekdty, HDF-EOS sd¥Ho R Ao ¥ MODIS NDVIG3AtS
ZHE =299 NDVIats F=oh= A2 ArcGIS for DesktopollX #l&sk= &
Ae S ARgste] FEFeH, Figure 180 NDVIghS FEshs wALE E2351619

HlE=

AABFGIEE 2 a T (ModelBuilder) & ArcGIS AZEgojolA] #Algsh= WEQ S
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Table 2. Two different classifications of Agro-Climatic Zones for cropping systems.

19 Categories of Ago-Climatic Zone 9 Categories of Agro-Climatic Zone
Taebaek Alpine Region Apline(ACZ1)
Taebaek Semi-Alpine Region
Mountainous(ACZ2)
Noryeong Sobaek Mountainous Region
Sobaek Mountainous Region
Northern Central Inland Region Central Northern Inland(ACZ3)
Central Inland Region
Western Central Plain Region Central Northern West Coastal(ACZ4)

Western Sobaek Inland Region

Central Southern Coastal(ACZ5)
Southern Charyeong Plain Region

Yeongnam Inland Mountainous Region

Gyeongbuk Inland(ACZ6)
Yeongnam Basin Region

Noryeong Estern&Western Inand Region

Honam Inland Region Southern Inland(ACZ7)

Yeongnam Inland Mountainous Region

South Western Coastal Region

Southern Coastal Region Southern Coastal(ACZ8)

South Eastern Coastal Region

North Eastern Coastal Region

Eastern Coastal(ACZ9)

Northern Central Inland Region

HAAK R 7|HE BHEE=of H At of

Ly

= 39



Table 10. Correlation coefficients between vegetation indices and rice yield in Korea.

Julian date

Yield
Year =

(kg/10a)

LAI |[NDVI| NDVI | LAI |NDVI| NDVI | LAI
(1km) | (250m) | (1km) | (1km) | (250m) | (1km) | (1km) | (250m) | (1km)

2002 471 0.8 0.8 73 0.6 0.6 1.7 0.7 0.7 5.8

2003 441 0.7 0.8 4.8 0.8 0.8 7.1 0.7 0.7 5.8

2004 504 0.8 0.8 7.2 0.8 0.8 7.3 0.7 0.7 4.7

2005 490 0.8 0.8 7.1 0.8 0.8 6.9 0.8 0.8 6.3

2006 491 0.8 0.8 3.8 0.8 0.8 7.3 0.7 0.8 5.5

2007 466 0.7 0.8 6.1 0.7 0.8 4.5 0.8 0.8 7.0

2008 520 0.7 0.7 34 0.8 0.8 7.5 0.8 0.8 7.0

2009 534 0.7 0.7 54 0.8 0.8 5.6 0.8 0.8 73

2010 483 0.7 0.7 5.5 0.8 0.8 6.5 0.7 0.8 5.8

Cor. -0.2 -0.2 -0.2 0.3 0.3 0.3 0.7 0.6 0.3

w=A9ell4 MODIS NDVIgEH LATE &3 § 2 5715-At8 NDVIgE LAIZt
Hitiks AFEskelth Figure 199 o] WA, ArcGIS A2 Eg0]e] “Zonal Statistics
as Table” &5 AREsIe] 7} I7I5AHE AR5 ghe] Huix], A4, B, &
a2k 59 BAAE T3 v, 2 HolES DBF ¥9o =z U HU|(exporting) &
SH3it) ol 14 (The SAS system for Windows,
9.2, SAS Institute Inc., Cary, NC, USA)E o]&3a}o], sl}2] SAS table® ZAg3}to]
2002378 20109704 2} 54715 A8 NDVISF LAIgk= 78iltt olgA =3
7} 59713 At 200235E 2010@7k412] NDVIS} LAIZES Table 129 £2Fs

AABFAT.

byl

o

FA71EAEE AE NDVIS A% 0.6°04 0.8410]¢] 7S Bl whd A=
A7FAEE HAagke] A5 23391 Zke vlws] 23, ACZ99A] 3.9% 7P =
e BYla, ACZ7AA 772 7P 4k B, NDVI Buh gke] ®He7F i &

fo o

40 oq=EnN



Table 2. Two different classifications of Agro-Climatic Zones for cropping systems.

19 Categories of Ago-Climatic Zone 9 Categories of Agro-Climatic Zone
Taebaek Alpine Region Apline(ACZ1)
Taebaek Semi-Alpine Region
Mountainous(ACZ2)
Noryeong Sobaek Mountainous Region
Sobaek Mountainous Region
Northern Central Inland Region Central Northern Inland(ACZ3)
Central Inland Region
Western Central Plain Region Central Northern West Coastal(ACZ4)

Western Sobaek Inland Region

Central Southern Coastal(ACZ5)
Southern Charyeong Plain Region

Yeongnam Inland Mountainous Region

Gyeongbuk Inland(ACZ6)
Yeongnam Basin Region

Noryeong Estern&Western Inand Region

Honam Inland Region Southern Inland(ACZ7)

Yeongnam Inland Mountainous Region

South Western Coastal Region

Southern Coastal Region Southern Coastal(ACZ8)

South Eastern Coastal Region

North Eastern Coastal Region

Eastern Coastal(ACZ9)

Northern Central Inland Region

HAAK R 7|HE BHEE=of H At of
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Figure 17. Paddy fields: (a) vector map, (b) 30m resolution raster map,
(c)250m resolution raster map, (d) 1km resolution raster map.
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Figure 18. NDVI and LAl extraction using ModelBuilder of ArcGIS®
software by ESRI(ESRI, 2008).
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Table 11. Change in rice cultivation area in Korea.

year 2000 2001 2002 2003 2004 2005 2006

Rice
cultivation 10,550 10,558 10,386 10,015 9,836 9,668 9,454
area (km®)

year 2007 2008 2009 2010 2011 2012 2013

Rice
cultivation 9,422 9,280 9,180 8,865 8,508 8,469 8,314
area (km?)

ZAnal

Statistics as
Table

Figure 19. NDVI and LAl calculation at each agro-climatic zone using ModelBuilder
of ArcGIS® software by ESRI.



Table 2. Two different classifications of Agro-Climatic Zones for cropping systems.

19 Categories of Ago-Climatic Zone 9 Categories of Agro-Climatic Zone
Taebaek Alpine Region Apline(ACZ1)
Taebaek Semi-Alpine Region
Mountainous(ACZ2)
Noryeong Sobaek Mountainous Region
Sobaek Mountainous Region
Northern Central Inland Region Central Northern Inland(ACZ3)
Central Inland Region
Western Central Plain Region Central Northern West Coastal(ACZ4)

Western Sobaek Inland Region

Central Southern Coastal(ACZ5)
Southern Charyeong Plain Region

Yeongnam Inland Mountainous Region

Gyeongbuk Inland(ACZ6)
Yeongnam Basin Region

Noryeong Estern&Western Inand Region

Honam Inland Region Southern Inland(ACZ7)

Yeongnam Inland Mountainous Region

South Western Coastal Region

Southern Coastal Region Southern Coastal(ACZ8)

South Eastern Coastal Region

North Eastern Coastal Region

Eastern Coastal(ACZ9)

Northern Central Inland Region
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Table 12. (Continued).

Julian date

NDVI | NDVI | LAI |NDVI| NDVI | LAI |NDVI| NDVI
(1km) | (250m) | (1km) | (1km) | (250m) | (1km) | (1km) | (250m) | (1km)

2002 0.7 0.7 6.4 0.7 0.7 49 0.7 0.7 6.3
2003 0.7 0.7 5.0 0.7 0.8 7.0 0.6 0.7 5.6
2004 0.7 0.8 6.5 0.7 0.7 6.7 0.7 0.7 4.5
2005 0.7 0.7 6.8 0.7 0.7 5.4 0.7 0.7 7.0
2006 0.7 0.8 3.9 0.7 0.7 6.9 0.7 0.7 5.6
N 2007 0.6 0.7 4.8 0.7 0.7 35 0.7 0.7 6.9
2008 0.6 0.7 3.0 0.7 0.7 7.2 0.7 0.7 7.0
2009 0.7 0.7 59 0.7 0.7 6.0 0.7 0.7 6.3
2010 0.7 0.7 5.5 0.7 0.7 6.0 0.7 0.7 5.1
Cor. 0.0 0.2 0.0 -0.5 -0.4 0.1 0.2 0.3 0.4
2002 0.7 0.8 7.2 0.6 0.6 2.1 0.7 0.8 6.3
2003 0.7 0.7 5.4 0.8 0.8 6.9 0.6 0.6 4.5
2004 0.8 0.8 7.1 0.8 0.8 7.1 0.7 0.7 4.8
2005 0.7 0.8 6.9 0.8 0.8 6.9 0.7 0.8 6.5
2006 0.8 0.8 33 0.8 0.8 7.3 0.7 0.8 59
i 2007 0.7 0.8 5.5 0.7 0.8 55 0.8 0.8 7.0
2008 0.7 0.7 2.6 0.8 0.8 7.6 0.8 0.8 7.2
2009 0.7 0.8 5.6 0.8 0.8 6.5 0.8 0.8 6.8
2010 0.7 0.7 53 0.8 0.8 6.8 0.7 0.7 5.2
Cor. 0.2 0.2 -0.2 0.1 0.1 0.2 0.6 0.6 0.5
2002 0.8 0.8 7.5 0.7 0.7 0.3 0.7 0.7 5.6
2003 0.7 0.8 4.4 0.8 0.8 7.3 0.7 0.7 5.9
2004 0.8 0.8 7.3 0.8 0.8 7.5 0.8 0.8 3.1
2005 0.8 0.8 7.6 0.8 0.8 7.2 0.8 0.8 7.0
2006 0.8 0.8 33 0.8 0.8 7.6 0.8 0.8 6.2
6 2007 0.8 0.8 7.2 0.8 0.8 5.4 0.8 0.8 6.9
2008 0.7 0.8 3.6 0.8 0.8 7.7 0.8 0.8 6.2
2009 0.7 0.7 4.6 0.8 0.8 22 0.8 0.8 7.6
2010 0.7 0.8 6.0 0.8 0.8 6.7 0.7 0.8 6.0
Cor. -0.4 -0.3 -0.2 0.4 0.4 -0.1 0.8 0.7 0.2




Table 12. (Continued).

Julian date

LAI |NDVI| NDVI
(1km) | (1km) | (250m) | (1km) | (1km) | (250m)

2002 0.8 0.8 7.5 0.5 0.6 0.5 0.7 0.7 5.0
2003 0.8 0.8 4.7 0.8 0.8 7.2 0.8 0.8 7.4
2004 0.8 0.8 7.5 0.8 0.8 7.4 0.8 0.8 5.0
2005 0.8 0.8 7.4 0.8 0.8 6.6 0.8 0.8 6.2
2006 0.8 0.8 3.7 0.8 0.8 7.5 0.8 0.8 52
7 2007 0.8 0.8 6.7 0.8 0.8 3.8 0.8 0.8 7.2
2008 0.8 0.8 39 0.8 0.8 7.4 0.8 0.8 6.9
2009 0.7 0.8 5.4 0.8 0.8 5.6 0.8 0.8 7.7
2010 0.7 0.7 53 0.8 0.8 6.0 0.7 0.8 6.4
Cor. -0.2 -0.2 -0.1 0.4 0.4 0.4 0.4 0.2 0.0
2002 0.7 0.8 7.2 0.6 0.6 1.7 0.7 0.8 59
2003 0.7 0.8 4.7 0.8 0.8 6.9 0.7 0.7 5.8
2004 0.7 0.8 7.4 0.8 0.8 7.2 0.7 0.7 5.2
2005 0.8 0.8 7.0 0.8 0.8 7.0 0.7 0.7 59
2006 0.8 0.8 42 0.7 0.8 7.4 0.7 0.8 5.1
8 2007 0.8 0.8 6.3 0.8 0.8 43 0.8 0.8 7.2
2008 0.7 0.8 43 0.8 0.8 73 0.8 0.8 7.0
2009 0.7 0.8 55 0.8 0.8 6.2 0.8 0.8 7.6
2010 0.7 0.8 5.8 0.8 0.8 7.0 0.8 0.8 6.2
Cor. -0.5 -0.3 -0.1 0.4 0.4 0.5 0.5 0.4 0.3
2002 0.8 0.8 4.1 0.7 0.7 0.4 0.8 0.7 7.1
2003 0.7 0.7 4.0 0.8 0.7 7.2 0.7 0.7 39
2004 0.7 0.7 6.8 0.7 0.7 7.3 0.7 0.7 6.4
2005 0.8 0.7 7.6 0.8 0.8 7.2 0.8 0.8 7.2
2006 0.8 0.8 5.6 0.8 0.7 7.2 0.8 0.7 6.9
’ 2007 0.8 0.8 6.6 0.8 0.7 39 0.8 0.7 7.2
2008 0.7 0.7 1.6 0.8 0.8 7.8 0.8 0.8 6.6
2009 0.7 0.7 6.2 0.8 0.8 5.6 0.8 0.7 7.1
2010 0.7 0.7 6.8 0.8 0.8 6.4 0.8 0.8 6.6
Cor. -0.4 -0.5 0.3 0.9 0.6 0.7 0.2 0.6 0.1
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Figure 20. Schematic of a plan using APCC MME seasonal forecasts.
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Figure 21. Comparison between observed and simulated rice yields: (a) Simulated

rice yields vs. Observed rice yields and (b) Rice yield variations over
the study period. Obs. yield for observed rice yield, Sim. (VI) for simulated
rice yields with only NDVI, and Sim. (VI, ASOS) for simulated rice yields
with NDVI and observed meteorological datasets.



Table 2. Two different classifications of Agro-Climatic Zones for cropping systems.

19 Categories of Ago-Climatic Zone 9 Categories of Agro-Climatic Zone
Taebaek Alpine Region Apline(ACZ1)
Taebaek Semi-Alpine Region
Mountainous(ACZ2)
Noryeong Sobaek Mountainous Region
Sobaek Mountainous Region
Northern Central Inland Region Central Northern Inland(ACZ3)
Central Inland Region
Western Central Plain Region Central Northern West Coastal(ACZ4)

Western Sobaek Inland Region

Central Southern Coastal(ACZ5)
Southern Charyeong Plain Region

Yeongnam Inland Mountainous Region

Gyeongbuk Inland(ACZ6)
Yeongnam Basin Region

Noryeong Estern&Western Inand Region

Hanam TInland Reainn Qanthern Inland(AC'77)\

South western Coastal Kegion

Southern Coastal Region Southern Coastal(ACZS8)

South Eastern Coastal Region

North Eastern Coastal Region

Eastern Coastal(ACZ9)
Northern Central Inland Region

SIZ{EARIR 7|9 BIEHE O] b AL of

Ly

= 61



s WHE ARESIGITE SRAIRL W E A ARerle] SRR MYEs A9w W
A=), BS71A7EE B8o = ACAS, ACA7, ACZ97} ARG lo] =2
MGt 7F 2o SgRigel Angele] AAVHAIE AR, dXARES 9
TAZY R, S 5] AV sl vER oL, 719 A9 dvkd A
W HolA= Aotk

7b SQ7ISAYE R S BATE AR difate] w714 g AFd
233U2] AR} Ao] gl AT 0.50100] HlwA w2 ghs Hlon,
ACZ9oIA= A5 21799 1km 31%d=e] NDVIZE oF 0.929] djoj& AaAlTE K
of A ESkeh olEst At REINe] SR dEe] JIS X ACZ9M =
AFY 21799 1km =] NDVIZF Agg Zox sghech ACZ1oAE 170
ASOSS] ApmRte] ARgEle] ACZ1 Al 47154t A4S Ad= vhdstar 3lA|
L= Zlow skt wmdk ACZ13 ACZ2: ZhH2t ARta e e FajotA| )2 &
F7F Hololi AEA, difato] A A Goloja] we] A FE ATl At
ZA|olc), 2A8F2 A9 tud 25715 7€ Doi 8¢ 22 AFY 217doy dF

A 2014l o Atk o]k o]f=0] ACZ1¥ ACZ9oIA < tf whe dAFde] 4

K

2

7} 27| 3= ATl WET|HE 50173t Aok = E o] Ry}
AEE Table 17°] Qokslel AT R By ERE A7 FHAAT 3

AN eAME-ES ARSI A7 Aol A, Had eapg
o] F 0.9(ACZD) M 5.1%(ACZ7) ¢] M5 Rtk F+HAGAF2] A-tolx ti
0.70149] HlwA =& 7S HAoLy ACZ79 AS IS/ BEoA 0.1 o}F v
& e BolaTh webA, SQ7SA o A oﬂ% 2 2yl Aot 77k
Hs SYAY, 71PAE 352 g 5] 7R gRE e 239 2l g

Kaflof 3 Zlo® melrk

dZo] gs] B AT G Ao Wgke] 4% ngHow WAL 4
F, PHE BARY 2 PES ATR A Fol MES oE AR 5 Aok B
AR At e AmAoR BRow M 3,3507) BAE tpgow dolo] g

3.3
ol ¢l Fd & Ao e, g




Table 2. Two different classifications of Agro-Climatic Zones for cropping systems.

19 Categories of Ago-Climatic Zone 9 Categories of Agro-Climatic Zone
Taebaek Alpine Region Apline(ACZ1)
Taebaek Semi-Alpine Region
Mountainous(ACZ2)
Noryeong Sobaek Mountainous Region
Sobaek Mountainous Region
Northern Central Inland Region Central Northern Inland(ACZ3)
Central Inland Region
Western Central Plain Region Central Northern West Coastal(ACZ4)

Western Sobaek Inland Region

Central Southern Coastal(ACZ5)
Southern Charyeong Plain Region

Yeongnam Inland Mountainous Region

Gyeongbuk Inland(ACZ6)
Yeongnam Basin Region

Noryeong Estern&Western Inand Region

Honam Inland Region Southern Inland(ACZ7)

Yeongnam Inland Mountainous Region

South Western Coastal Region

Southern Coastal Region Southern Coastal(ACZ8)

South Eastern Coastal Region

North Eastern Coastal Region

Eastern Coastal(ACZ9)

Northern Central Inland Region
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Table 14. MAPE and Adjusted R-squared values for the regression models against observed

rice yields in agro-climatic zones.

VI and ASOS'
MAPE(%)
1 0.9 0.93
2 3.5 0.55
3 1.5 0.81
4 1.3 0.86
5 2.7 0.39
6 3.0 0.69
7 5.1 0.10
8 1.6 0.81
9 3.7 0.85

T VI and observed meteorological datasets were used for the model.
§ Adjusted coefficient of determination.
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Table 2. Two different classifications of Agro-Climatic Zones for cropping systems.

19 Categories of Ago-Climatic Zone 9 Categories of Agro-Climatic Zone
Taebaek Alpine Region Apline(ACZ1)
Taebaek Semi-Alpine Region
Mountainous(ACZ2)
Noryeong Soback Mountainous Region
Sobaek Mountainous Region
Northern Central Inland Region Central Northern Inland(ACZ3)
Central Inland Region
Western Central Plain Region Central Northern West Coastal(ACZ4)

Western Sobaek Inland Region

Central Southern Coastal(ACZ5)
Southern Charyeong Plain Region

Yeongnam Inland Mountainous Region

Gyeongbuk Inland(ACZ6)
Yeongnam Basin Region

Noryeong Estern&Western Inand Region

Honam Inland Region Southern Inland(ACZ7)

Yeongnam Inland Mountainous Region

South Western Coastal Region

Southern Coastal Region Southern Coastal(ACZS8)

South Eastern Coastal Region

North Eastern Coastal Region

Eastern Coastal(ACZ9)

Northern Central Inland Region
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Figure 24. The first coupled pattern between (a) T850 and (b) Monthly mean maximum
temperature in Sept. (c) Correlation coefficient(0.87) between the respective

amplitude time series of these patterns.
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25. Temporal correlation coefficients for (a) precipitation, (b) Tmax between
observation and seasonal prediction obtained from the statistical
downscaling method.
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Table 15. Selected predictors for each month and temporal correlation coefficients.

Predictand ‘ Predictor ‘ TCC'
Monthly mean precipitation u200 0.54
Monthl%/ mean maximum T850 046
emperature

T Temporal Correlation Coefficient
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Figure 26. Scatter diagram between observed and statistically
downscaled monthly mean precipitation in Sept.
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Figure 27. Scatter diagram between observed and statistically
downscaled monthly mean maximum temperature in
Sept.
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Table 16. Estimated monthly mean cumulative precipitation and maximum temperature in Korea
(from 1983 to 2010).

Precipitation (mm month™) Tmax (°C)

9 172.2+110.1 25.840.9
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Table 17. Mean Absolute Percentage Error(MAPE) values for the regression models against

observed rice yields at a national level.

Models Sim.(VI) | Sim.(VI, ASOS) | Sim.(VI, MME) | Est.(9.15)
2002 to 2010 2.76 1.68 3.53 2.10
MAPE
(%)
2007 to 2009 4.04 1.76 223 4.80
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Figure 28. Residuals in the years (a) 2007, (b) 2008 and (c) 2009.
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Figure 29. Rice yield measurement by a sampling method (adopted from Park

et al., 2011a).
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I Paddy rice
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Figure 30. Rice paddy fields in Dongbei, China (a) and California, USA (b) (adoted
from Shi et al, 2013 and from USDA)
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Figure 31. Paddy fields in North Korea
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Table 18. Counter-cyclical payments.
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Table 19. Total counter-cyclical payments with locality prices.
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stock of government.

Table 20. Table rice
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Table 22. Minimum Market Access(MMA) (Milled rice, unit: 1000ton)

2010 ‘ 2011 ‘ 2012 ‘ 2013 ‘ 2014
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Table 23. North Korea food aid(108 KRW).

‘ 2004 ‘ 2005 ‘ 2006 ‘ 2007 ‘ 2008 ‘ 2009 ‘ 2010 ‘ 2011 ‘ 2012 ‘

I

1,313 | 1,360 | 2273 | 1,983 | 438 294 204 65 23 135

L
OEO}‘L;
ﬁ‘g

3

(xskagy | 1359 1787 0 | 1505 O 0 0 0 0 0
w7k 1588 | 779 | 709 | 909 725 | 377 | 200 | 131 | 118 51
A | 4230 3926 2982 4397 1163 | 671 | 404 @ 196 | 141 | 186
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2 7Rz o] Bt 1.3% AdsetdA] AR (producers surplus) ©] ©F 7,000

o] A F7et Ao® yepsth shARE A28 (consumers surplus) <> AH|AF 7HA
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