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PREFACE

It is our pleasure to present this report on the APEC Climate Center (APCC)’s

research activities in 2013, which has been a very productive year for our Center.

APCC has expanded its research scope, in response to regional societal and
scientific needs. While building expertise in climate prediction remains a priority,
we are extending our reach to include policy-relevant climate applications and

value-added climate information products.

APCC has accelerated efforts to better our service to the region. As one of
the main services provided by APCC, the MME 3-month prediction information
has been productively applied by scientists in developing countries that are unable
to produce their own prediction information. Furthermore, in order to better
prepare for climaterelated hazards in a timely manner, APCC launched its 6-month
MME prediction service in September 2013. We also began to release forecasts
of the Boreal Summer Intraseasonal Oscillation (BSISO), starting from July 2013,
as the world’s first operational BSISO forecast service. Our researchers also achieved
great success in publishing their papers in noted academic journals. Dr. Ok-Yeon
Kim, for example, published a paper in Climate Dynamics and her research was
later selected as one of the Research Highlights by another distinguished journal,
Nature Climate Change. The following research report provides more information

about our research outcomes from 2013.

We will continue to promote the best use of our research outcomes in various
scientific and application areas. Our successes and achievements would not have
been possible without the support of our valued partners. In this regard, I extend

my thanks to you and I hope you enjoy this 2013 Research Report.

Chin-Seung Chung
Director, APEC Climate Center
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It is widely known that greenhouse gas (GHG) emissions contribute to global climate change.
Soil respiration is known to be one of the largest CO, fluxes to the atmosphere. In the Korean
Peninsula, rice is generally cultivated in rice paddy fields, whose flooding conditions create
anaerobic systems below the soil surface. Due to these conditions of rice paddy fields, these
fields are one of the major sources of methane (CH,) emissions to the atmosphere. However,
rice paddy ecosystems are not adequately represented in most Land Surface Models (LSMs).
Most LSMs are limited in predicting GHG effluxes from the soil surface. The objectives of this
study are to link an LSM with biogeochemistry models, and to estimate the land surface states
and fluxes including evapotranspiration, soil temperature, and CO; and CH; effluxes from various
types of landcover, including rice paddy fields, for the Korean Peninsula, by applying the tool
to the region.

Agroclimatic Zones (ACZs) were initially classified into 19 zones for rice cultivation. However,
it is difficult to collect all the required information for each of the 19 ACZs to estimate CO;
and CH; effluxes from the soil surface using biogeochemistry models. Therefore, for this study,
we designated 9 new agroclimatic zones which were classified ACZ1 to ACZ9. Estimation of soil
respiration for urban regions was not included in this study. Representative cells for each landuse
type, including paddy fields, upland, and forest, in each ACZ were selected based on landuse
and soil characteristics. This selection was performed using vector types of landuse and detailed
soil maps. Additionally, we checked if the landuse of selected representative cells at a 5-km
resolution on a raster type of landuse map were the same as on the vector type of landuse
map, since NOAH-LSM was simulated with a 5 km resolution. Because only 39 grid cells with
a 5 km resolution were identified and this number of upland cells was much less than the
2,985 forest cells and 503 paddy field cells, the upland cells were excluded for the GHGs estimation.
Even though we initially tried to use observed meteorological datasets from the Automated Surface
Observing System (ASOS), due to the relatively long distances between the representative cells
and the nearest ASOSs, Tropical Rainfall Measuring Mission (TRMM] 3B42 and NCEP Global
Data Assimilation System (GDAS) were used for this study instead.

NOAH-LSM has been developed by a number of groups, including the NCEP Environmental
Modeling Center (NCEP/EMC), Oregon State University (OSU), the NWS Hydrology Lab (HRL,
the Air Force Weather Agency (AFWA), and the Air Force Research Lab (AFRL). It is able to
simulate land surface states and fluxes, including soil moisture (both liquid and frozen), soil
temperature, skin temperature, snowpack depth, snowpack water equivalent, canopy water
content, evapotranspiration, and runoff and has been operationally used in NCEP models since
1996. For this study, NOAH-LSM (version 3.2), a 1-dimensional column model, was used to provide
evapotranspiration and soil temperatures at multiple depths below the soil surface for the SOILCO2.
The National Centers for Environmental Prediction Global Data Assimilation System (NCEP GDAS)
forcing dataset was used to drive the simulations. The precipitation field, taken from the Tropical
Rainfall Measuring Mission (TRMM) 3B42 dataset, was used for supplemental forcing sources.
The U.S. Geological Survey (USGS) landcover dataset, The United Nations' Food and Agriculture
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Organization (FAQ) soil data for sand-, clay-, and silt-fraction maps, and GTOPO30 were also
used for the NOAH-LSM simulation. NOAH-LSM was simulated with a 5-km resolution and 1-hr
time step size. We checked if the resolutions of the landcover, soil, and Digital Elevation Model
(DEM] were sufficiently high for the simulation at 5-km resolution. We found that the FAO soil
fractions were too coarse for the simulation. The FAO soil fractions were replaced with a detailed
soil map of Korea for the simulation domain (33-38.5° N and 125-130° EJ.

Numerical modeling approaches were used to estimate CO, and CH, effluxes from the soil
surface. The SOILCO2 model, a one-dimensional process-based model, is one of the components
of the HYDRUS-1D software package. HYDRUS-1D simulates water flow, heat, solute, and CO2
transport. The Denitrification-Decomposition (DNDC) model is a process-based model to simulate
carbon and nitrogen dynamics of agricultural fields, including rice paddy fields. Agricultural
management specifications, including fertilization and irrigation, are used as inputs for the DNDC
model, as well as meteorological datasets, such as daily precipitation and air temperature. The
SOILCO2 model has been used to estimate CO2 efflux from the soil surface and carbon production
in soils. The SOILCO2 and DNDC models were applied to estimate CO, effluxes from forests
and CH; effluxes from paddy fields. The DNDC model was used to estimate CH, effluxes from
paddy fields, since the DNDC model considers flooding conditions and various agricultural
management techniques. For the simulation of the SOILCO2 model, evaporation, transpiration,
and soil temperature were used. However, these datasets were not easy to observe. Furthermore,
evapotransipration is difficult to divide into two separate variables: evaporation and transpiration.
The daily evaporation and transpiration and soil temperature resulting from the NOAH-LSM
simulations were fed into the SOILCO2 model. We applied this linked model framework to the
representative cells in each ACZ and estimated the annual CO; and CH, emissions (kg C yr"1]
from paddy fields and forest at the “gun”-level by multiplying CO, and CH; effluxes (kg C ha™)
by area of paddy fields and forest, respectively. The observed data from the Gimje flux site
were used to evaluate these models’ performance.

The daily net radiation observed at the Gimje flux tower site was used to evaluate NOAH-LSM.
3-hour interval outputs from NOAH-LSM were aggregated to produce daily and monthly outputs
and daily net radiation (the difference between daily net longwave radiation and net shortwave
radiation), which was compared with the observed daily net radiation. The residual of the daily
net radiation in winter was somewhat higher than in summer. NOAH-LSM simulated daily net
radiation with 28.82 Wm-2 RMSE. Monthly mean evapotranspiration in July and August 2012
was higher than that in June and September 2012 over the country. Monthly mean soil temperature
at the first layer ranged from 259.5 to 304.9 K and at the fourth layer it ranged from 271.5
to 300.7 K. These values were used to simulate CO; effluxes from forests using the SOILCO2
model. The range of CO, effluxes from forests in ACZ2 was from 4.27 to 134.97 kg CO, ha
d”'. The estimated annual cumulative CO; emissions from forests at the “gun”-level ranged from
approximately 2.7 x 106 to 113.7 Ton CO; ha™'. The maximum annual cumulative CO, emissions
were estimated at Hongchun-gun in Ganwond-do and the minimum annual cumulative CO,
emissions were estimated at Dong-gu in Incheon. The DNDC model was used to estimate CH,
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effluxes from rice paddy fields. The model results were evaluated with the observed CH; effluxes
from the Gimje flux tower site. The RMSE for daily CH, effluxes from transplanting to harvesting
in 2012 was 1.4 kg C ha-1. The estimated annual cumulative CH; emissions from rice paddy
fields at the “gun”-level showed that Haenam-gun in Jeonnam-do was the largest CH, emitting
“gun” and Gurae-gun in Jeonnam-do was the smallest CH, emitting “gun”, not counting urban
regions.

The conclusions of this study are as follows:

1. Since agricultural management techniques, including fertilization and irrigation, are used
to estimate CH; emissions from rice paddy fields using the DNDC model, it is concluded
that the DNDC model can be used for effective adaptation plans for the reduction of CH,
emissions from rice paddy fields in Korea.

2. This result suggests that long-term monitoring of GHG emissions contributes to the
improvement and evaluation of biogeochemistry models, such as DNDC.

3. It is concluded that since soil respiration is one of the major factors for estimating Net
Ecosystem Exchange (NEE), this study can be useful for understanding whether the forest
ecosystem is a source or sink of carbon.

4. We hope that this study can be used to provide effective GHG reduction plans by revealing
the local characteristics of GHG emissions by providing GHG emissions at the “gun”-level.

1. ME

AR wiERO] ST 71Re] a3 ARl ® oAX|AL Qlrf, a3 2AES

= OJARSIERA (COy), WIEF (CH), OV\]@]-XV\ (N:0), $AE3EEA (hydrofluorocarbons,
HFC), 12384 (perfluorocarbons, PFC), S-2318}F (Supphur hexafluoride, SFe)2] 67}
A7} Q). o] & AaESIER (hydrofluorocarbons, HFC), ¥H23}EkA (perfluorocarbons,
PFC), S-E313} (Supphur hexafluoride, SFe)+= Q1710] Q124 0 & A5 ARI-2A]ofA]
k= 247120, R0 = Hghou opilekE A Fo] F= HiEo] HAL Qe
Aog Huwy gk A2 A /*11741011*1 9k ofuet feueolA e 7 Fadt AR
shfoltt, TTefuf, =2 Fast gk HiEo® o AR Qi =2 QlEAIQl e HiEe]
oF 1004 12 % AE ZA|ok= AR 1% Hf QItt (Prather et al., 2001; IPCC, 2007).

AR (SHeBuY 5)S Bt ojiieis BB FYSH ol A8
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7= st} o & 59, RothC (Coleman and Jenkinson, 2005), CANDY (Franko et
al., 1997), CENTURY (Parton et al,, 1994)¢} 22 EFR7]EEa2 (Soil Organic
Matter (SOM) decomposition)S Ti7l] FAFQQ] o7 Bkl EokpH Eok07y)
BUF 59 314 EEE nEA e BEEoITt (Bauer et al,, 2008), Hho], T2
A7 RS o2, 4, ojatshets 59 old5 RO 4 Sle B3P OE SOILCO2
(Simunek and Suarez, 1993) ®2&o| o]7|o]| < g} (Bauer et al., 2008), SOILCO2
HEL 12 TEAAT|HIEE 02 HYDRUS-1D AXE¢|o] 3j7]4] (Simunek et al,,
2005)2] f& FxdEo|tl, HYDRUS-1DE o|&sto] 4ho] 52 gro]i} o|Alsfeks
59] o2 moJ3t 4= 9t} SOILCO2 HEL EoFo 2 HE o|AlsletAs wj&Hyl BoF
W 7h '%“é (Carbon production)s2 F4sh=t] °]-&=|%lt} (Bauer et al., 2012;
Bauer et al,, 2008; Herbast et al,, 2008; Buchner et al., 2008)., Buchner et al,
(2008)& HYDRUS-ID 22 E o] 57| 2Jol|A] A1ZE= dojdolLt ojitahera 44 1

ol% 50| tjAMSES] 7| EZES ARREA] SOILCO2 RO R HE 2427} Al&X|9}
ZAeHA mofat 4 gk wngh vl g

ofe] ZAFEO| K 50| wollA g wiEds Fsk=t ol 8 dE =
6], DNDC (Li el al,, 1992), CASA (Potter et al., 1993), MERES (Matthew et al_,
2000), DAYCENT (Del Grosso et al_, =2 = 4= 9t} Matthews et al, (2000)-&
CERES-Rice 1SR} SOl et A4Sl B S Aot Bt
QASHe R oA ok HfEE ST uF ek, DNDC B2 o4 Pl
o =0 i (05} ke 091 /199 I 2 9% AAsefsiont, A
1 53] 59 ety 52 YEAFERE AR S} (User's guide for the DNDC Model

l

2012). Wb oA Wk HH% 9 712l ofe] 7k uPY = 2 Aulel 4l B3]
=9 23 5RHl s wjE 1 HRES AN S Sl w3k 0 75 9 7]
=7 s Qe Agalng s 20 el Aagt e vl 13 veke
AIX7} 7K Aol Babu et al, (005 Ql50] o] ek ¥lEEES DNDC 258
olgste] ZAa} glon] DNDC BHS Eale] 7| 5uste] ekt Lof ofgt ohg 42

o= AASk= Hl AREE 4= %% ﬁ 13} B3} v} @It} Pathak et al. (2005)2 DNDC
RS w0 =of A8 thfst Jeseol mE et 5 A7 viESRS 451
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o, DNDC BgS 8] Al Aglofd 2471 3248 dehe 28 o vkl Al
SIAT. =olM v viEE 71, BEY, GeEE 5ol 9%= deth dedes E
2ol whehb whefsiA| ol Fold la, wiet wiE FE| B3 71 B FedE of =l
ofgf] tpefstAl o] Fold 4= k. wheha] gk FullEsdol] obd B A7t Wofl theRt
71T SeBES 2ol A HE siESAAT F viEEe Ak Aol v
& A ol AAfoll RSl & o= ek, PR, AR A 247k wiEw AP
e e | SHE APdolle ol AR B A7t mehiEEdS Thefst

= Zlo] Adjr|ofo} shrt -2 HSFATY-2 GHG—CAPSS (Greenhouse gas Clean
Air Policy Support System) A|A8lS -85}0] Z|AAE 2A7FAE=F APy sHSlT
(US4 sH, 2010b), GHG-CAPSS AJAELE- 1996 IPCC A7k i &aF AP A3
= 7Hkog AAIE AIAF o= 2006 TPCC A-A O AMAI RS tiuld o Q=5 55
Tt (FHe ek, 1010a), 12Ut GHG-CAPSSA|ZEof| A AR |zt 5 vi&
T2 2O 4 s AN, U ST A Sole ATSHA . 58 A]
o= 27 vl AdRb A 2o Arteke 9 aLefsfiof shEL= AUl
U & B 5= ARIe R AR A, AeAEE ol Al RIS IS Ad
Qtol 28 Aol T8 & Utk ZRAIA7INE HETHE dH7 VAR W G

(5 o) =
TEPYL So] YHARE AGETR, AV AYN ] 2AEA BET Y A

:
e
re

9] B418- Land Surface Model (LSM)¥} 32| A 7|5} Biogeochemistry
1S AAsle] fejuEte] EXjol8 A eSS =451, olE Edte] o T
A WS AVHRHE ol 9lck




APCC

2. A7 A} U
2.1 Xz

2.1.1 57|15 x|ch

SABO) ALKl SELT 5 OS] SIIAL AR Bl Tt
e AL 7k 2 s 22X J LR AR A TLATHO R g 2
A vk maol Agsks 2 ulebEkA) otk (A4 2006). Alu] 9 2 9]
50] eBERR Eok SHAoIA B @ ouix] 42k mOSHeT] WAt RO,

e

2E % U LS ST 2] RS AL Y Bl A s

d 9] 5 *24&71‘%'}& TSIl 7| $EAGE wielsto] A
9] X*ZMO* = 312?1% 71 SR 7 AR T (B A7 s A4, 1986; 2=3F,
/33, 1989). E3l, BlEAY] A 019719 P*Eh} PR, ASHaE2EY] 3
719} 71 A&77E AREAE, 723t RS 5o st ‘?ﬂ% & B3t 19749
FA7ISA N E kI, 12y 19719 %‘éﬂﬁlﬂib 7V AE HEof 28517
oz ARt 4= QLo A E & ] 5o AR Rl ofds] R AlEst
Eo] Qlof ofego] Stk ol&gt ol wie] W (2012)01u A (2011) 0l A=
97le] A= AHAA FUANE AEFote] mPg7hdol 283t vp e}, webA] 2
AolA= 9782 ARAA sHANE AE-SEATE (Figure 1), 9702] ZH5A|A] —‘LO*XII‘H
of| A= ACZIZ AR, ACZ2+= ARMAIY, ACZ3+= SEFUEAIY, ACZ4= 55
FARSIAI, ACZ5E= SHRARUA, ACZ6E HEWEA, ACZTS HRUS
A, ACZ8E FHSIMAI, ACZ9-S SSlHAIE b,

L

e Fejo] EXol &=t AUEYES AHAA AW E R Uil 2 B0l

H ] EFE= okl 1 9IXE 5km SFES] HAE FE| EX|o]8-S &bt
2F sUAHY] Z BExol g i s ARSI AR Exol8d i A
Table 10] Q2Fsto] AA|SFIT)E o] AFoA= X FEEE (Land Surface Model, LSM) 2]
S (5km)E LA EXO[GEE Skm SYES] AXALRR LSt 5km
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Aol 5 39710) A7} o BRHLE, ke 0] % 50w, 47le] 49
o.g8574e) A0} slstel w9 48 WAOz, 8 el W] 498 Asleich
G2 Sof, WA EAA} Mg o ACZTO|ME} To| SkmAA} AR WA
Zg-oll= 27119] AofAut o= BR7) Hith ACZ1 ACZ99] EX|0]8EE Skm 4
AR HEHE 25 1=0] 212 079} IR BFEo], ol LA RAERA 240
L o] % 7o) AT ALBHA, Table 20 AT vl} o), 2t it MolA] 714
7Wke- A9 7| Aa=A] (Automated Surface Observing System, ASOS)¥}o]
A7k 2o oF 34km Fr=z Bl A YA A& ez Zh i Ao|
1 7]-29] 7|AAE = TRMM (Tropical Rainfall Measuring Mission) 3B42 (Huffman
et al., 2007)} NCEP Global Data Assimilation System (GDAS, Abreu et al., 2012;
Parrish & Derber, 1992)9] AxA}7E ARE-SHITH

Table 1 Selected representative cells in the Agroclimatic zone.
ACZ Landuse Soil Name Latitude (°) Longitude (°) Area (km?)
Paddy GANGSEO 37.3 128.3 9.8
ACZ1
Forest SAMGAG 37.3 128.2 298.9
Paddy SACHON 35.9 127.6 84.4
ACZ2
Forest SONGSAN 35.9 127.5 1020.7
Paddy SACHON 36.3 127.5 154.7
ACZ3
Forest SAMGAG 36.4 127.5 897.4
Paddy MANGYEONG 37.2 126.7 151.8
ACZ4
Forest SONGSAN 375 126.6 288.6
Paddy JISAN 36.6 126.4 282.4
ACZ5
Forest OSAN 36.6 126.8 4532
Paddy JISAN 35.9 128.2 124.3
ACZ6
Forest DAEGU 35.8 128.2 791.4
Paddy JISAN 348 127.0 208.7
ACZ7
Forest DAEGU 35.2 127.1 576.7
Paddy JISAN 34.9 126.1 349.5
ACZ8
Forest HAENGSAN 344 126.1 454.6
Paddy YECHEON 38.0 128.7 230
ACZ9
Forest SAMGAG 38.0 1285 373.2
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Figure 1 Reclassification of the Agroclimatic Zone in Korea.
Table 2 Distance from each representative cell to its nearest ASOS.
ACZ Landuse ASOS ID Distance (km)
ACZ1 Forest 238 251
Paddy 133 14.0
ACZ2
Forest 119 26.0
Paddy 129 202
ACZ3
Forest 279 26.7
Paddy 260 15.2
ACZ4
Forest 165 262
Paddy 221 16.7
ACZ5
Forest 238 22.4
Paddy 133 12.1
ACZ6
Forest 112 3.8
Paddy 129 343
ACZ7
Forest 285 21.9
Paddy 256 18.7
ACZ8
Forest 175 217
ACZ9 Forest 90 28.1
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2.1.2. UNZHAELQ

=7F B9 A 2A7IE A B AR A e BA o R A A
] L—jﬂx],J g/klﬂ.z\ umlak.— x}%gg é’ﬁ@ < 'Y

2 JEAAE wg A5t 25 A4 Aajshal - Ha] Ajej]ofA] olaksterael
wEke] MRS =501 QJth (Figure 2). 10m =o]2] EFYE o|AEJErA (COy) S A
T2 A AHS AR ol ] MG 4227] @ o]AlElekao] o) o %] mElERS 2o}
103]9] &E & T3} 2= Q)r} o] A|AES: 0|43} PRl H2MEo] AQ ) AALERS
2451 7| 2R R E 280 7Rssh, Uo7l Tl e A7} o] Alshekao] B2=9lolx|.
HRYRIRE Hrlels 2 st AFRolc) Hgk AEst 2 AAEL EA oA WA
L =3t AHE o] 8alo] WERS wot 19 83] WERs =S AEo 7 HAM3 42 gl
AedeR At ARk &

7

NOAH-LSM¥} DNDC:&-S

4_4
-

ml

A 4 9l ol ek o] BANAHY AL
Fohe ARE AGEU,

ZYAERYE 35.7° (9%, 126.8° (HX)of At e, g =2 2011-2012
of Eﬂ—ﬂ% o i A} ZAkxolet, He]o] A9 20119 10 270l wFS 5fo] o] F3l<l
20124 6 5Uof k2 BkGlaL, B9 9= 20124 6 10U HU7IE st 2
3} 109 170 kS I3 Sl =0] EE/dE Table 39]| A|X3E vje} o] HE5
O =t mAbY = (Silt Loam) ] B2 H3loH, pHE 582 oIS E¢o|t},

Flux Tower Gimje, Jeollabuk-do Methane Flux Chamber
Monitoring System

Figure 2 Location map of the flux tower in Gimje, Jeollabuk-do, Korea.
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Table 3 Soil characteristics of the Gimje flux site.
Soil Soil pH oM N P20s Ex. Cation (cmol’/kg)
Name Texture (1:5, H20) | (g kg") | (g kg™) | (mgkg”) K Ca Mg
JeonBuk Silt Loam 58 30.2 0.9 166.4 0.22 9.22 2.32

2.2 LSM-Biogeochemistry gHAI2S

o)A SOILCO2 &7} DNDC HgS ol§sto] Ex|ol4 %7} e
A}, SOILCO2 R 9] 79 AlE0] SAFG} EgollA] o] 8 Yz ARH
ot e SRS ARE TS0l §olshA] gok, AARE g7} o2l Rt of
Yz, SR FHgolu SAFFS] HdHIE HES] sk | olshA] 2t B
G20 A Bt Ao ISARS T} §olshA] At webA 2 ATtoA=
SOILCO2 ®Fo] FQ Qo] Zxlefm) ZAkF Eofzlold (#3204 1m 7HK]) B9
&5 NOAH-LSMEHS F-53to] 24s3en, o] 2iE 2-835fo] SOILCO2 2ES
T3}, =ollM= ©rAl CHy 7} =2 HiEo] B A3 =9 g5 18T 4= Sle
189] DNDC &8-S ARE-3lo] CHy ZHAS 243514t} SOILCO2 X33} DNDC X3
= 97N AFAA FSAAN (ACZL - ACZ9) 9| EA|o]-g that Alof| 2-8-5F3it}, LSM}
SOILCO2 %39 dAAMLS Figure 39| EA13} dto] AAISFGITE

ET :'7
Soil T

Rep. Cells —)[ H C02 Efflux ]
> CH, Efflux

Figure 3 Overall strategy for this study. “Rep. Cells” stands for “representative cells”.

Landuse Map
Soil Map

Yes
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2.2.1 NOAH LSM 2

Land Information System (LIS)2 ZWHALF EOFpE AL 93 (snow pack), X

9% Sof AN A TeAs Hots] molsl7] gJa) AAEYT} (Kumar et al,,
2006). LIS AIAE1S Fajo] LSM mele) 7|} 917 )ut Aael AAEaas sk
of A& w2 9 oA 712 5= e Kofd 4= itk (Figure 4). LIS system
LIS-LSM (LSM XE&), LIS-WRF (WRF Z&31} ¢14)), LIS-DA (Al=E3H7|H),
LIS-OPT (23} 5l &8t 2R of o] 714] shefr|~gl o2 4w o) Qlt), LIS Al
25 WESE ARG, FEZUE 78 AxEQo] Ze¢log AIEGon Earth
System Modeling Framework (ESMF) 1743} Assistance for Land Surface Modeling
Activities (ALMA)9] EFS w211 Qi) LIS AlAHIR ofF 7je] LSME A Y4fE
AFE de= Ao lkm Fsid=e}f 158 ARKIACR Ko o= it} (NASA
Goddard Space Flight, 2010).

NOAH-LSM-2 NCEP/EMC (National Centers for Environmental Prodeiction
Environmental Modeling Center), OSU (Oregeon State University), HRL (National
Weather Service Hydrology Laboratory), AFWA (Air Force Weather Agency), AFRL
(Air Force Research Laboratory)2] oJ&] 7|Zso] 9J8l 7= Slct Figure 59 AA|E
HlQ} Zho] NOAH-LSMO 2 EQFfH Bk u2:2 % (skin temperature), 2~r9]
W =7, =9 EY%F (Snowpack Water Equivalent), SRS, X HG= 52 2o
4> )t} (Koren et al., 1999). NOAH-LSM-2 1996 d5-E NCEPo|A] & Yol A}&3}ar
Q= mEls = hjo|ct (Betts et al., 1997; Ek et al., 2003).
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Figure 4 Schematic of land surface modeling in LIS (adapted from Kumar et al. 2006).

Meteorological

Boundary Water Balance:
Conditions Runoff, Drainage,
(Forcings) Baseflow

(Hourly-3 hourly)

Surface States:
Snow,
Skin Temperature,
LAI

Observed Surface
States (e.g. Snow,
Soil Moisture)

71&, B, YA, 55 5 7R 7V A= NCEP GDASE ARESIglon, 74
A== 25km AAAIRE AE TRMM 3B42 (Huffman et al,, 2007)2 ARESFSICE
NOAH-LSMo| F83%F Z7HEIA g 2= EX|o]& EA (soil texture), FAH= (slope)
5°] St} EXo]8E= U.S, Geological Survey (USGS) EX|TEEE ARSI S
USGS EATEES B, A4, AR 5 % s HEt Hofolth 4xmEny
(Digital Elevation Model, DEM)-2 GTOPO30 (Gesch et al., 1999)& AR8-5}%t}, USGS
EX|uE =9} GTOPO30: 5km 37FAIERZ NOAH-LSMS 5ok H2 18 o
AjF 02 TEAE] AlEat B 4 9lo}, HE ko] Kol FAO EORAFRS] sAlEL
Figure 694 AAE v}e} 7o) 5km ZA}T 7)o SE35t o] aifwe] ztaa} 3t 4=
glick, webA & Sl Als FACO EGALRE 5 o 7+9 (33-38.5° Nt 125-130° E) 2
EAARE HURFES ol§elo] DAL AR (2 Aol sk )R H
O WHoE EANRE PAAA NOAH-LSME TSI (Figure 6)



LSM-Biogeochemistry HAZ&S 0|&st EX[0|& & 247tA HiE &Y
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M| Soil Heat Flux ¢
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Figure 5  Schematic of NOAH-LSM (adapted from Research Applications Laboratory, NCAR, www.ral.ucar.edu).
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sand fraction sand fraction
(a) ‘ (d)=

35N — -
[ 35N
- —:
- A ¥
T
126E 126E
0 0.110.220.330.440.550.57 0 0.190.380.570.76 0.950.955

(b) silt fraction (e)sil‘l fraction

0 0.08 0.16 0.24 0.32 0.39 0 0.18 0.32 0.48 0.64 0.78

(C) clay fraction (f) clay fraction
I 1

35N g e

0 0.070.140.210.280.350.37 0 0.080.160.240.32 0.40.417
Figure 6  Difference of soil fractions between FAO soil maps and detailed soil maps of Korea. (a) Sand, (b)

Silt, and (c) Clay fractions in FAO soil maps and (d) Sand, (e] Silt, [f] Clay fractions in detailed soil maps of
Korea.

152




LSM-Biogeochemistry GiIAIZHE 0|5t EX[0|E & 24I7tA HIE =3

2.2.2 SOILCO2 =2

EOFo 2 YE| 00, ZYAL SOILCO2 RS o]8a}e] 24319t SOILCo2 =3

S 1A &, 4, ohlelekAad] 35S oY 4 Qe BYlR, vw w7 AT
(USDA Agricultural Research Service)ol|A] 7@t o]t} (Simunek & Suarez,
1993), EoF Yo A AR ZRE (carbon decomposition)S EOFL L} B ROl I
et WAZE Aok G Qlek webs] 429 ol st Holda As] RoJsh= o]
oStk 48 molsiadl FAsi T 4 sk B o) el olEe T
Richards %784 (1ol o A},

a0 a[ ah
at ot

k(h)(——n]— Q o)

o]714, his YESE [em], 6= EYGE [em’em ], ki= BEFESAS: [em d '],
t= AJ7F [d], z= Zo] [em], Q= source/sink [em® em™ d7'] &o|t}. A% (heat

transport)2 TS 4] (2) 02 Ast 4= Qic}

@)

oT o oT 8, T
o]
4 o0z

714, T= BT [°Cl, M= A X=H4> (thermal conductivity) [kg cm a?

€], C, Cw G92F (heat capacity) [kg d “em’ °C-1], Jw= $SEZZA (water
flux) [em d—1]o|c}, oitaleha: S50 AR 42 o] 7ok P Al v 4] (8)
o] EFELY,

at

w

= [t at St ] = QC,+ S 3)

A7V, Jia, Jaw, Jea, Jews WA (AR} wo 7)ot 71AVIH (A ad 7399
At (A 2 ol o] F (A c2] Aol vt 00, B2 [em d ], CTE &
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002 ¥% [ecm’em™], CWE A CO, & [em’em™], Q% Malo| o5t &

R

[em’em®d "], S source/sink [em’em °d 18} o]t}

B}t EXol G e AT 7 2FAA IR ] AF S i Ao

o

f

Sv
>.
ot
IN
)
ﬂ

dofl K] 20129 1HFE 1A7HA] A 7
=olgolu AFof Wt i ES B

= ARERleH, oligEka ol WRt WSS Y

_{
of
ol
it
of

i
Q
rog e
D
(@]
S
=
Q
O

Bunchner et al, (2008)-2 oAksletA <50 st /52 =

S5 A0
A=

A on !
. A, EY2EE NOAH-LSMO| s AA= 5 &3] SOILCO29] YHAL=
ARSI} Figure 72 AeHEE AN S ZE5HL Q= ACZ8Q] AFA| o] T
| ZARES U dezold),
U‘s oM Zﬂ/\lo}— %Ia

@ 18

1S 7o Hie BEgo] HAo| glo|E XZHOZHE CO, ZEHA (CO2 effluxes)—g—

2 wofghtharl Bargh ul gl i GAteflAli= SOILCO2 BP0 CO, EHAE 2001d%:
HRARS: 31T SOILCO2E o

Bl 201297H4] 1297 53 785, 2] ACZollA] 8

A Sk ol SRS Ol%okxl 2 9, olAlsheao] el it Aupa

Ae] ajg ez, Azt 27124 Soll Hebie BPol Wi g S rk

e g s S ACAA S8 S 20121 195 1A 8 O

0.6 B AR '|l '|1 T |vl “| T T I 0
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Figure 7 Precipitation, Evaporation, and Transpiration at the representative cell in ACZ8.
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2.2.3 DNDC =¥

Denitrification—Decomposition (DNDC) W8-S 57 X|of| 4] €FAQ} A 40] 7] Ao
ot =2 A Rk AFE AEY o] EEo|th (Institute for the Study of Earth,
Oceans and Space, 2012). DNDC 2&-& E9F 7|3 (soil climate), 2= 4AF Ha)9]
sliEue wEe AEEe) 48] WU, W] shrnds Eee dEdER 74
ol Holglth. A WA HEHE M= EFRE, EYTE, pH 5= 2o = 9le
T ¥ AZUEALE €Oy, CHy, NHs, NO, N:O, Ny & 58 moJdt 4= glct
(Figure 8), DNDC L oA= AL Lo} AAT4eF A SEAEH A (water
stress)of| o] Y-S Hof 4= glom, U M, T

B4 5 2Ysle] BAY BEARD e BYS MY 2 43 T 4 Uk

o)

A S92 ALO|E =olA] o] JA7], A7), =3, AMjae] 59 dsdss
DNDC 2% o] =2 AW52A Table 4] foFsto] A|ABFATE 24 2HFA|1 A 5 AA|
O] th3E Hofl A AlR] b 9 & W] 59 FEEE HEe AR ACZ20 M= =4
FTHE Afistar, WA FAA ol A= Seuehe] 235 SIS A
of whe} Aufgtetar 7Hgste] YARE TSI 2 AFelAE =9 HA o] A
o7 2o ACZ13} ACZ9-S A9 SF ACZ20|4 ACZ82] & 77l PR oA 2001 K€
2012QW7}A] & 12 7]7F E9F =10l CH, 2245 29519t Jagadeesh Babu
et al, (2005)0] AR&-3lo] DNDC 282 7§ =5 WS 2-8510] DNDCH &S B33
T}, Jagadeesh Babu et al, (2005)-2 tjFE9] WL} |4 5-& DNDC7} AA|6H= 7]
ZrS ARE-8}a microbial activity index®= DNDCE%-% AZ3}9 Tk microbial activity
index= 0f|A] 17}4)9] 7+ O 2 Jagadeesh Babu et al, (2005)2] d7Lof|A= 02702
2ZE AAERICE E Ao 0,302 ZAE|0] Jagadeesh Babu et al, (2005)} H|<=>
o g el wE Ante] AL Bolu AEHE SRA] Slshi ArIe

ARE Y AL HFste] A8S =Esor & Zae] A7) e
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effect of temy and mei on decomposition

E_!:_)_E[_l.i_fl‘iﬁcal'ili_:l_l_.l cenitniier Nitrification Fermentation

Figure 8 Sturcture of the DNDC model (adapted from User's guide for the DNDC model, 2012).

Table 4 Agricultural managements for rice at the Gimje site.

Agricultural management Date or period

Transplanting 2012/6/10

Basal fertilization (Nitrogen kg/hal 2012/6/16 (110)

Transplanting 2012/6/21.

Mid-summer drainage 2012/6/21 - 2012/8/15

Heading date 2012/8/18

Supplemental fertilization (Nitrogen kg/hal 2012/8/19 (35)

Flooding 2012/8/16 - 2012/9/14
Pre-harvest drainage 2012/9/15

Harvesting 2012/10/17
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M

3. gvZEu | ES

3.1 LSM-Biogeochemistry gAIZS

3.1.1 NOAH-LSM 2&

ZHPARES SOILCO2 P 0] FQ3t YRR 0] shha, ZHAES: APg517] 9]
=5A] (water budget) oLt °1]L11]—r11 (energy budget)¥H] 5= gz AR
ot EEARIUA] (Rn)= @Y, Y, EFEY olUAsA7IREe R S 2150 24
H7lsk= 40|t} (Lamaud et al., 2011; Wilson et al., 2002). <=EAfoHX]= that
of Auto] ofjt EAt A Ak2 e 4 glom, TR A3 o] B,

ol

)

e
=

R’n, = Rn.s' - R’n,l (4)

7|4, Re U BALIHA] (Wm™?), Ru THafo]| OJ3t B A A] (Wm™®), Ra
& Autol] 2f5t SEALUIA] (Wm *)o|T}, Figure 9 (a)2} (b)i= AAIZZ 2 eRg]o] A
5 AU A9 AAIEE 2 Al B9} 71 7P7ke: AR 9] NOAH-LSMe| 29| 2
¥} (chapel Aol ofgt mEAR RO 2fo]) & Hlugt g olot, YA A
ZA} (Residual)= AeA Rt oFAo] tha A Yepion], 4|4 52 NOAH-LSM
o] ThA T Holel= 218 oF 4= 9t} NOAH-LSME] 28 A7}+e] RMSE7} 28.82 Wm
2 ok A UEiT ol Aok 5 (2013)9] AvPdfoat Fujdfde e s
Community Land Model (CLM)S ©|-&3}o] &EAL|HA|E 43t 2] RMSE (duf
A594:267.17 Wm *, Ul 251,96 Wm ) Rk G 29kon] ke A= B

o3 gleka & 4 glet,

r

=
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Figure 9  Simulated and observed net radiation (a) and residual (b) at the Gimje Flux site. Sim. Rn: simulated

net radiation, Obs. Rn: observed net radiation.

NOAH-LSM®] 3 hr7td ZAptas o, Y A s Hakslglth NOAH-LSM &
Fg o] g3t wBAloluA 9] 20124 29, 39 7Y, 8Ye] YHF +EAHAE 5 km
A H& Yepitt (Figure 10 (a) to (). AHEE FRAYA 2077}
TR gkon] Eaok ARER| ol M Tha W7 Uepyith, 8ol Yt &EAlolY]
A7} A=A 02 2 AJolE KHolAl eigkeh (Figure 10 (d). SOILCO2 29| Yala
2 AR SR} ool NOAH-LSM WS o|gdlo] APyat 422 ALgs}
et T8 AS7IZI 6URE 997 YT TR, AR ES (0.1m)T YA
E2 (0.6 - 1.0m)0] EYLEE YEPHTT (Figures 11-13), SRS 0,0130]4] 189.0
kg m 2] WSS Hylov], Ao 7Y (Figure 11 (b)T 89 (Figure 11 (0))°] 64
(Figure 11 (a))Z} 99 (Figure 11 (d)) X} thd #=A] YETE EQF2E] 79 e
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1ZE Uioll YA] B3 (Figure 13)0] Tk 3R] B (Figure 12) 20 W7 LR, 53
P ARIA 7} 7 Bl B i WA YERdT: A B2 259,594 304.9K <]
HAE EoH, Yl A EFolA= 271500014 300.7K2] HI9HE HIA.

N

(@) 2/2012 (b) 3/2012
SWnet
275
236

186

136 35N

126E W/m2 126E W/m?2

(c) 7/2012 (d) 8/2012

35N —

. ; - T .
126E W/m?2 126E W/m?2

Figure 10 Monthly net radiation in: (a) February, (b) March, (c] July, and (d) August.
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Monthly soil temperature at the first layer in: (a] June, (b] July, (c] August, and (d) September.
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Figure 13 Monthly soil temperature at the fourth layer in: (a] June, (b) July, (c] August, and (d) September.
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3.1.2 SOILCO2 2

Figure 14+= 97| 2-FA1A FAAI oA ARAIH 2 £57 ¥ ACZ22] i AojA
SOILCO2 H&5 o]-8st] EYZEol ot U¥ CO; HiEwa 4% Leflszoltt. o4t
Spekao] A, kAo ® SR Al WA vEhual, A5 H A U=

| A2 olatal & (2012)2 AU (SR 9 EYegol
et At A EdTEH ’5‘}@71 of 7t ? A7 Aashe A AR 2ol

Kl
Ni
u)
(0]
E
o
r

B>
=
m{xv
rlo

i 20124 7‘3 25 (DOY 207)9] 0.687cm’ cm ™ d'& L}E}
Wtk o] 2 4,72 kg CO, ha ' d "9} 134,97 kg CO, ha ' d o] #dsl= $=x|o|c}

0.8

0.7 4

0.6

0.5 4

0.4 -

0.3 -
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0.1 A
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Figure 14 CO;, efflux from the representative cell of forest in ACZ2.

A7t (2012 19195 E T2 3f) 11 30471R) 97l AFAA 5 AR A A <
Eoro e 4o ojiishekh WSS 4T 4TS Table 50 20Fste] AL,
FHUSAT (ACZ3)olA 19,607 kg CO; ha ' 2 T2 ojAlsfeks wi&ago] 714
TRk, FIAI (ACZ9)9] AFAA| el 4] 13,182 ke CO; ha 2 714 27| ojalsleha:
£ &Stk AR eyt 2 dtollA= 2012 1299 AR SHHo offfo &
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210) 2427} A9 Eiger, Aee] BB EF] 42 UL TRk, 195
HY7A19] 3 oISk WS A7 1 o|aEke MfEOR B 4 9he A
2 Atg =) o] 7k AFoj|A] Dynamic Closed Chamber MethodS ARE8lo] EFS S

= MESEE BYaggo R Uirol 343 o4l 5 (2012)9] 19 ARl ndE
355 28,340 kg COz ha™ (—,—ﬂi-ga: 14,860 kg CO; ha )HE]' oA AA 24 =
holt}, EYTEZE —?—i njAEo] o3t mAE S lJr TEEOE U= 4= Qe
nAES S B g 2529 Eok’\b'oﬂ off= Wizt Ao=m dHA Stk

(Witkamp, 1969; McHale et al., 1998; Knapp et al,, 1998). o]#% 5 (2012)& & &
Ao 7k BA7IE ARESte] ¥ 23] 11:00-13:004] Atolofl 43t gh= o @99t @
o= gkt gho® o WekE aeshA] Estal Qlrk 2 dtolli Hel gt da
e ago] tigh A o] ofg o nAlEs ST Aol E Ak Al
B0l whe B g 2fol7 A =2 es] H 2 Ao
O W AT AW 4 98 A0 P, 44 5 2008)2) Aol F5Ar
Cefdm ZEIRES RGN EREEES FHE Mo AR 2
(IRGA, Infrared Gas Analyzer, Licor 6400 potable photosynthesis system)& ©]-&5}
o] ZAsle], R} AR ol|A] 22k dA7F 33,220 kg CO; ha '3 26,720 kg
00, ha ' Tgafo] WAYRICEaL 3l9irt. o] oAkl Whajake: Ma)s -ETE"P SERNSE ko
= PSS AR, & A Aot AR gholet & 4= Sl A o= AlrH,

Table 5 Cumulative CO; efflux from forest (1/1-11/30/2012).

Cumulative CO; efflux from forest

ACZ 5 % a1 -

cm’ cm kg CO; ha kg C ha
ACZ1 71.9 14,125 3,852
ACZ2 89.8 17,642 4,811
ACZ3 99.8 19,607 5,347
ACZ4 88.7 17,426 4,753
ACZ5 81.4 15,992 4,361
ACZ6 87.6 17,210 4,694
ACZ7 69.0 13,556 3,697
ACZ8 89.3 17,544 4,785
ACZ9 67.1 13,182 3,595
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97 ZHFAA| 5 GAH (AC7) 8 FHHAY ESTZT (Table 5)3F 2 o2 AFR
A& olgoto] AA-EGOIA Tk d3t oliteieta HiETe APkt AFEel
A olitetekas 7HE gol HilEshe w2 A= St (ACZ2) 2= °F 2.7 X 10° Ton
CO, HilEshe AR Uelidal, 7P 27 viEshe o ()2 AFGA 57 (ACZH=
113. 7 Ton COE WiEdhe A2 AU (Figure 15). U= -T2 AFglo] of
153,951.5 ha, QIHFHA] S1= 6.5 haflrt, webA A EYA T vlEd ol

WA olikseka MEapRct 2 2o AwAo] o a3 49 o 4 gk

0.1~0.2
0.2~0.4

0.4~0.6
0.6~0.8
0.8~1.0
1.0~1.2
1.2~1.4
1.4~1.6
1.6~1.8
1.8~2.0
2.0~2.2
2.2~2.4

2.4~2.6
2.6~2.8

IIRERECCONNENN

106 Ton CO, yrt

km
0 2 50 100 150 200

Figure 15 Annual cumulative CO, efflux from forest at “gun”-level (Jan.-Nov., 2012).

165




166

APCC RESEARCH REPORT

3.1.3 DNDC =&

mek vjEwkE DNDC 23S o83t F74513ltt, AA] S AAto|Eof Ax|gh gt
e}t 27 A AEH O B HE ﬂﬂﬂ &% S745te] DNDC 2¥S HEstelrt, ¥ A%
717k}t (20129 64 109 HE 10Y 209 $ZA7IA]) & oiet viE=F2 193.7 kg
C ha'9& ZAE|9)on DNDC 1&ogHE E7|7F Sof vet uﬂ%a;% 126.6 kg C
ha '02 2%}t (Figure 16). RMSE Zo] 1.4 kg C ha '& DNDC T3 o] =0 A]
weh B ESE vlad] & skl Qlokar & 4= Qlet, o FHdff Hie HHEO 2012
79 189 (DOY: 200) 7.45 kg C ha ' d 'o]9l.2H, 20124 10€ 15% (DOY: 289)¢] 0,22
kg Cha ' d '2 242 vehe vjEst 2102 yepgny $efubel B AuiolA A
2 Z7A A HiEEFS- 2,37 kg CHA ha ' d(HEAH S, 2010)2 EbA vjESFo 2 FHAF
31 1.78 kg C ha—1 d—1o]1:} ol =4 WF7E 1.59 kg C ha ' d "B} Tha =2 Zfo]

o, DNDC 28-S 083} Qu4f ujZ2F 1.04 kg C ha ' d & Thh ThA HO| 3= Aoz
LR Jagadeesh Babu et al, (2005)2 DNDCE.& 0| Bj=of|A] |5 TS B AY
2719t W7o FAT WEZYs A4S & molelx| el mEe] sAE Bt

HE Qleh, 3HA|RE, DNDC K35 o]-8-5to] oA wigh vi&s 4 A5 Soto] =39
284S Wkt W MajdtEo] QJtt (Zhang et al., 2009; Fumoto et al., 2007;
Pathak et al., 2005; Jagadeesh Babu et al., 2005),

g TT |||||| |.|| ‘II || — 0

7 2
bl ! 4
=6 4
] 5 g
5 5 1 O o g a Ll
0 ! &
;‘-\ 4 o ; MY 0 R
5 OO 1 0 E
2. / " ' A 12 &
-— h I \\ A E
E ) :O@ A mm Precipiation | 1 &
= oo O Cbs.
T < 1 [®)] ! - _
o ' ! ) : ----Sim. 15

'
1 ‘.r O II 12
,I
5/1 7/1 7/31 2/20 a/2a 10/29

Figure 16 CH, Efflux from the Gimje Flux site.
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97} ARAA AT 0] hE Aol 20015 20126 74K10) ¥Rk A vk
&S 245191Th (Table 6), Fv W7F 2] wgh uf&eke 2008\ 63.7 kg C ha
& 240] 2 WAL, 20019 124.6 ke C hat yr 0.2 Zdjo] gk mairk, v
HiZo] WE W Aol ghe Mol o] 4, EFeE EUHE 59| Holo
o8} 7]QIgt Ao F4Hrt

Table 6  Annual cumulative CH, efflux from representative paddy fields at agroclimatic zones from 1/1/2001
to 11/30/2012. ACZ represents agroclimatic zone.

CH4 efflux (kg C ha' yr')

ACz

2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 & 2009 | 2010 | 2011 | 2012
ACZ2 8837 | 59.78 | 53.88 | 71.66 | 6635 | 57.03 | 55.80 | 36.43 | 42.42 | 42.68 | 4852 | 61.25
ACZ3 1103 | 80.92 | 91.40 | 70.92 | 7354 | 7429 | 7128 | 49.46 | 53.07 | 48.00 | 51.37 | 61.48
ACZ4 1883 | 137.6 | 1031 | 1313 | 1020 | 1147 | 110.0 | 96.96 | 97.98 | 9239 | 89.08 | 84.75
ACZ5 1187 | 1188 | 107.3 | 102.0 | 73.97 | 75.66 | 7759 | 59.56 | 80.21 | 5859 | 62.89 | 63.54
ACZ6 1216 | 101.0 | 1105 | 68.95 | 76.86 | 8857 | 93.22 | 66.83 | 90.62 | 66.53 | 66.96 | 75.39
ACZ7 1220 | 87.74 | 9655 | 86.99 | 87.70 | 83.00 | 87.06 | 63.18 | 1043 | 71.21 | 69.38 | 58.08
ACZ8 1229 | 107.7 | 1143 | 92.14 | 89.84 | 8697 | 8887 | 73.42 | 89.80 | 67.81 | 65.45 | 79.61
Mean 1266 | 991 | 967 | 891 | 815 | 829 | 834 | 637 | 798 | 639 | 648 | 69.2

2012 % WXt v|et viESF (Table 6)1} ZF M =HAS o]-§dto] =04 ZHetg]
W7k et uiEske APgSl Itk Figure 17). ACZL (ARFI=Y2|o)) @} ACZ9 (F3lEAIH)
oA+ 5 km ARAFROA =07 FRE= Ao| 77} 07H9} 37HE UEhd, £ Aol
Wzt et ujEsF Ago] Al QlsIth. ACZITF ACZ99] L3R A/ FUE 7HEA],
A, S2A], U ‘34 AAE, BelA] HEE, gAdtolt), =ollA] HigkE 7t
wo| H|E&sh= A9 57t AP ® g, AAERE oFEA], AP E Aok, A
e Fobit AepEn uAT olglom ZFzF 964.8, 952.4, 857.3, 743.2, 729.4
yr 2] 2012W0] MiE3= A o2 et EAIX LS A|ejslar Wzt vek iz
& oty 57l w2 HeEPde e, AAEE I, AEPdE gekt, AAEE AT
I} sREEo R ZkzF112.6, 139.5, 149.3, 153.0, 155.2, 164.4 Ton C yr '] WEto] 2012
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regions. N/A stands for Not Applicable.
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Annual cumulative CH; efflux from paddy fields at “gun”-level. ACZ1 and ACZ9 are white shaded
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