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Abstract

This study is to evaluate the RHESSys (Regional Hydro-Ecological Simulation System) simulated
streamflow (Q), evapotranspiration (ET), soil moisture (SM), gross primary productivity (GPP) and phot-
osynthetic productivity (PSNnet) with the measured data. The RHESSys is a hydro-ecological model
designed to simulate integrated water, carbon, and nutrient cycling and transport over spatially variable
terrain. A 85 km” Seolma-cheon catchment located in the northwest of South Korea was adopted. The
catchment covers 90.0% forest and the dominant soil is sandy loam. The model was calibrated with 2 years
(2007-2008) daily Q at the watershed outlet and MODIS (Moderate Resolution Imaging Spectroradiometer)
GPP, PSNnet and 3 year (2007 ~2009) daily ET data measured at flux tower using the eddy-covariance
technique. The coefficient of determination (R?) and the Nash-Sutcliffe model efficiency (ME) for Q were
0.74 and 0.63, and the average R for ET and GPP were 0.54 and 0.93 respectively. The model was validated
with 1 year (2009) Q and GPP. The R® and the ME for Q were 0.92 and 0.84, the R* for GPP were 0.93.
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A F9 S g2 A2 g o] &sto] 79 RHESSys(Regional Hydro-Ecological Simulation Systerm)
o] AejgE-& F7tslr] sl i ATl A= Fig. 13 2 = A, 07 EYY FE 2ol st & g 2 o3
Meteorological data H GIS data H Basin data H Satellite data H Flux data

Past data (1977-2009) o DEM — 30 m (slope, aspect) = Basin « MODIS - GPP = Evapotranspiration
» Two weather station o Wetness o Hillslope + MODIS - PSNnet (ET)
o Six rainfall station o Soil map o Zone o MODIS - LAI o Soil water contents
= One water level station < \fegetation map = Patch Sday (2000-2009) = LAl
(20:02-2009) o Land use map o Strata
o K (hydraulic conductivity)
[ [ [ I ]
¥
RHESSys MODEL SETUP | ASSesSmet of
Forest Hydro-ecology
¥ ]

Calibration and Validation

+ Streamflow — Observed data for water level station
* ET - Flux tower data P.M.ET

+ GPP-MODIS GPP

o PSNnet— MODIS PSN net

+ Soil water contents — TDR data

Forest Hydrology
[RH ESSYS Hydro-ecology model)

ForestEcology
[RH ESSYS Hydro-ecology model)

Fig. 1. Flow Chart of this Study
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Fig. 2. Map of the Seolmacheon Watershed and the List of Hydrological Observation
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Fig. 3. GIS Data of the Study Watershed

Table 1. Data Sets for RHESSys Model Parameterization

Data type Source Scale/Period Data Description / Properties
Korea National .
Topography Geography Institute 1/5,000 Elevation
Soil classifications and physical properties such as
. K 1 Devel . . o . .
Soil orea Rur.a. ev§ opment 1/25,000 |bulk density, texture, porosity, wilting point, field
Administration . . C.
capacity and saturated hydraulic conductivity
Landsat TM satellite Land cover classifications such as water, forest,
Land cover . 30m
image urban, grassland, bare ground, paddy and upland crop|
.Vegetatl.on Ministry of Environment 30m Forest classification (3 classes)
information
Korea Meteorological Daily precipitation, mean, max., min., temperature
h . . 1977~2 . N 7 ’ . ’
Weather Administration I7T=2009 wind speed, relative humidity and sunshine hour
Insti .
Streamflow Korea. nstitute of 2007 ~2009 Daily observed streamflow
Construction Technology
Korea Institute of
Evapotranspiration | Construction Technology | 2007~2009 |Daily evapotranspiration data at mixed forest area
/ Yonsei Univ.
. K Institute of . .
Soil water content orea. nstiate o 2007 ~2009 Daily soil water content
Construction Technology
Photosynthesis Terra M.ODIS satellite 2000~2008 Photosynt.hetic ProductiYity (8days)
image Gross Primary Production (8days)
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MODIS+ A7 A& &l st A55 Algsh= 73
T$FH(NASA) Terra EOS (Earth Observation System) $]
o] FAME Y, 4 o7 Eofel]l AE-o] 7hsd
4 Alaolth, MODISE &4 3671 Wi=Z o]-&3}
of thekst g7, A3, s vt ARES At
SJtHShin et al., 2010). NASA®] EOS Data Gateway+=
MODIS 94Fe H)&ste] EOS Z2a3s F38) A143k
tgst 49935 E di7), Wk, SA, dY, A5RA
Hopd® #4338kl § ﬂ-(Park et al,, 2006). Y<2le] A1)
el 2= 9l Z=o)EArE
Itk MODI17-- O]X]"‘g*]'}‘ R
TA S 75@% O =24 W 2| F-e] BAEl

< 913l Terra $1/3<] MODIS A& 0136}&]
21 280)] 3k 1 km a7 el et 8 ¥4 A = LA A
AFH(Gross Primary Production; GPP, gC/m?/8days )3}
=345 FH(Photosynthetic Productivity; PSNnet, ¢C/)
m?/8days ArEES A-E38taL It Running et al., 2000)

AxppA R &S WA 5 E(Maintenance Respiration; MR)
3} 4758 Growth Respiration; GR)-2 mi<2] MODIS LAI
245 Biomasss 7oto] AE249] o d Etke] A
37 BAE ol &gtk olye A 4 BAE

rlo
i
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<H

flo

Table 2. Hydraulic Conductivity (Clapp and Hornberger,
1978)

Soil Texture Kus (cms ™)
Sand 176 %107
Loamy sand 156 %107
Sandy loam 347 %107
Silt loam 720 %107
Loam 6.95x10"
Sandy clay loam 630x10"
Silty clay loam 170 x10™
Clay loam 2.45%10"
Sandy clay 217x101
Silty clay 1.03x 10
Clay 1.28x10"
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T o2 HE dojxlom S3H theket ME] Biome-
BGC =dlol] A&t 2] dxpLg ) st
MODISE Monteith (1977)7F #|qket W o]-8-8 &(Light
Use Efficiency, LUE)E 3 |83} GPP<} NPP A&
Al F3tHLee et al., 2011). Monteith (1972)2] ¥-2)j2]

ksl 3 g 40 ofdkEof ¢sle] g S0
th= FHo HAfelu#] Mg g o]Eolt}h x7]d
= At e] g o] A& FF A8 oA
shte] FEE AR TP E AR $ofl AE9] Tl
kA Ho g&o] Fagk ol Helvkal Witk vk
AL & 80 ATRIAE sl WAldle 7 darg
Zrlt} 2fo] S Kolw MODIS IAAgAM] dare]E2 A
AT PR 8-S Ao 97| 2%
2}o](Vapor Pressure Deficit; VPD)S A3kt 2 112 &}
= wesh S #5190t APARE NPPETE GPPel o
g IAZF A 7L AR Uk GPPE A= 9] 384
HIE AASH] Ao B 485 &3 A T Ak
ojt}y. AE = FFEA 11‘3_{ A} =E(Photosynthetically
Active Radiation; PAR)2] &H|&3} 2l&3xH g
YAt = EFEARNIUA] FRAREo] =2 AV qloH
ol gt Al gt o5 o] 22 ATH UK Sellers et al,,
1992).

MODIS GPP %742 8dwh$1e] Al F3draEAt
B])&(Fraction of Photosynthetically Active Radiation;
FPAR) # o ©9le] 713teE o83t o ¢l
GPPE ARt & o]& 8Y wh9le] 74 GPP= WEkst glo]
o} dag]gel] tigk A4 270 MODIS GPP ¢HarelE
s @t vl=r el Eke] Numerical Terradymic
Simulation Group (NTSG) &2l Al &3F= MODI17
GPP/NPP User's Guide®l] ¢} 21tHHeinsch et al., 2003).
Fig. 4= MODIS GPP2} PSNnet9] ¢a#]5S YeRATH
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GPP=[e] X [FPAR + IPAR) @

€ =€, X 1,

min

X VPD 2)
IPAR=0.45X R, 3)

oA71A, e A& BARREE SO, €, & HEAL
AMEEE, T,,< 43A47], VPDE _\ij}, RSE Zdid
dulAd Lol FPAR: é}%
A 00llA 19 ks Zheth =, 1 e AT E
AL BeaE, AE9 H/\V\F‘lﬁg ] 3 5

=

3L =4
2SS STV €, T A W Aol e 3k
7} th(Field., 1995; Prince and Goward, 1985; Turner et
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al,, 2003). T, ¥ vPDel 98 d¥cia 7P 3eHEq.
2). 3L IPAR(H AT AALES] 45%0)= dEACZ R

w

o] 5%l sldekctal 7P el Eq. (). &9, 7, 2 VPD
of wheba| 7|82 AMA7F A el sheks 7 A E
WRSAS ARRRT O RA, TR whel BAARE RS
HN ey )0 074A] WISkshR= s BAKHE Eg. (2)
O enax & Thin, VPD 59 713708 AAsk= -5t
Sk AL 52 BPLUT (Biome Property Look-Up Table)
o] Ao whe} A 5aks 483k (Heinsch et
al., 2003).

PSNnet-2 S1#} 259 27t 5o =2 o F7]= 7
AHET i 7] MRS Alklshr] $18iA= BPLUT® 5
7HA wj A HEEoe] Eastth o] uirl HMEE-S upon leaf
EE fine root mass, % 20°Ce] MR 7181 o 7|
2o o3& 93 w=th PSNnet& GPPeF MRE A4¢
HHEq. ().

PSNnet = GPP— Leaf MR— FrootMR )

Leaf MR: 9] FASEH, FrootMR: ¥e]o] FA5
Z#HkgC/kgC) PSNneti= GPPS} 7o) o w9]9] PSNnet
8 Aliket $ o] & 8 99| 4 PSNnet= ¥8Hst 7k
o]tHHeinsch et al., 2003).

25 Z¥e| H-EHY sy

E AgrellA= 2o BAS 918 200735-E 20089
7Ae] 2d7ke] A {EY ARE o] &3] By BAy
< A8tk RHESSysE B5 7 AR o) 2 &
Fr AF K, dolo & T4 Ao 7389 m
|83k X A43SCHTable 3). 2t w74 E2] wslo
& WelE Auud fF T vjrpasd

e gl FHEEE FREY] S,

O

=
=
%5

3
’

BE 2713 AAs] ojele ¥A= RHESSys
= AEA] garo] 5ol Mk = Aol 2

716 AFsH= spin—up HAS

[ Land cover ]—-l Emax I I € N
IPAR | APAR
\Photosynthesis _#
e Fine root @ R
LAl mass l -
SLA (allometry | (@10, T, .} | MR
T
Leaf | C*)
\Maintenance Respiration mass = J
MOD-17 Leaf MR Daily
Daily GPP & PSNnet [ mass Index PSNnet
s Daily Outputs —)

Fig. 4. MOD17 Algorithm (Heinsch et al., 2003)

Table 3. The Calibrated RHESSys Model Stramflow Parameters (Lee et al., 2009)

Parameter Description Units Default it M
value value
Ksat_0 Saturated hydraulic conductivity at surface Metres/day 1 0.02 5
Decay of saturated hydraulic conductivity with | 1/(metre of
m . - 1 0.01 10
saturation deficit water)
porosity_0 Porosity at soil surface Range(0-1) 0.435 0.395 05
porosity_decay Porosity scaling parameter with depth - 1/meter 4000 1 1000
porosity decays
454 129 20124 121 1299



|3l m3o] 27|stE Fstlar, st 28 V)
o 0otk =7)3kEl RHESSysS 200243 ol A
2000374 FEe &, A5 2E 9} v WSk

22 237l JeFS w|R|= v AA] AE AVE,
AE A WA X 9=(Specific Leaf Area; SLA, m*kg/ C)
9} o] erAR|(CN ratio), AW Rubisco2] & A-ghaka}
Aol sb=e EuiAle o miweE A4S
(Table 4). A A& AP4E(Whole Plant Mortality;
WPM, lyr !, WA U ANEE, 7127, 718 55 &
h2 alfwith Ssar AnjE o)X= AEA BA A7l
9] ofgto] o dolnt e A8k 4kgle] £10.005)
2 QU8 AL S o3l A a K& TRl UiafE
Al AL l o, thEe] 7| 9F U APE

Aol g Al HlE

mg/gl.2 Z3E CN2 &3] 4T &5 FAxr9] &
T, 58l Tgel ik e 248 et ¢le] Ahof )
gt B2 H=(CNear, kgClkgN) 37HA] 83 Q0ES
A3}, Al F2RAQ LAL A ZA oA o
g & Qe dae ¥ ayu 4o 5SS a3t}
g AglolA o] 7k mgke S 71e
o] Ax® TEla d&3He Ao AAFe] Arwe}
~ ]

oHde o> o m} Bl L oo g poh

lo fe
Y

(Leaf Water Potential;, LWP)¥} 571¢}F S4E5& 31893
ofgir}.,

Pritchard et al. (1999) 807 o]42] ASH
H Axg Qoksta, COvt 3 e 93
24%62] 2 Aol tjste] o WA o] P o7 Frlel=
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Table 4. The Calibrated RHESSys Model Eco—physiological Parameters (White et al., 2000)

Parameter Description Units DBF ENF
epc.gl_smax Maximum stomatal conductance meters/s 0.006 0.006
epc.proj_epc.proj_sla Specific leaf area metersz/kgC 32.0 8.2
epc.leaf_cn Carbon'nitrogen ratio of leaves kgC/kgN 25.0 42.0
epc.froot _turnover Annual fine root turnover fraction range(0-1) 1.00 0.26
(percent carbon per year)
epc.livewood_turnover Annual livewood turnover fraction range(0-1) 0.70 0.70
(percent carbon per year)
epc.mortality Vegetation loss through mortality range(0-1) 0.01 0.005
epc.froot_cn Carbon:nitrogen ratio for fine roots kgC/kgN 48.0 58.0
epc.alloc_frootc_leafc Ratio of new fine root carbon to new dimensionless 1.2 14
leaf carbon allocation

DBEF: Deciduous Broadleaf Forest, ENF: Evergreen Needle leaf Forest.
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TAR ] ARE o]&ste] AAIHATE oY 7k G @9 SHkE RHESSys 239 o SAlka) vjas] 2
& BF daidrled e Ak el o A3 Av A5 Ha FAEE S AQlsta fos 4
Table 5. Information on Calibration and Verification Periods for Streamflow

Period Observation Simulation Statistical summalr;y Note

P (mm) Q (mm) QR (%) Q (mm) QR (%) E R

2007 12622 761.0 0.60 736.4 0.58 0.59 0.59 C

2008 14983 H16 0.63 11032 0.74 0.67 0.89 C

2009 13517 1001.4 0.74 831.8 0.62 0.84 0.92 Vv

P: Precipitation, Q: Streamflow, QR: Runoff Ratio, E: Nash-Sutcliffe Model Efficiency, RMSE: Root Mean Square Error,
R* Coefficient of Determination, C: Calibration, and V: Verification

Table 6. Information on Calibration and Verification Periods for Soil Moisture and Evapotranspiration

_ SM (%) ET (mm) R’
Period | P (mm) : : - : Note
Period Obs. Sim. Pedriod Obs. Sim. SM ET
2007 1262.2 Jun.-Dec. 26.0 25.6 Sep.—Dec. 109.0 1135 0.37 0.53 C
2008 1498.3 Jan.—Dec. 229 25.0 Jan.—Dec. 471.7 473.8 0.52 0.54 C
2009 1351.7 Jan.-Dec 23.6 215 Jan.-Dec. 408.6 471.0 0.18 0.49 A%

P: Precipitation, SM: Soil Moisture, ET: Evapotranspiration, R% Coefficient of Determination, C: Calibration, and V: Verification.

$454% H125% 20129 12J]

1301



Streamflow P —Sim. = Obs.
10000 —rv—-r-vn—r-plr‘]-‘m -‘l T T ”rll | T T |'“|||II T 1|| 0
1000 ‘ o
E ; 200 =
i £
£ E
5 5
2 5
£ 3
@ b
B £
b
0.01 800
FMAMIJ J]ASOND) FMAMIJ J ASOND j FMAMIJ JASOND
2007 2008 2009
(a) streamflow
Evapotranspiration Emp.  —Sim. © Obs.
7
—~ b
E
= - 5
0 £
= 4 5
= ®
B
g 3 2
c 5]
5 g
g &
2
8 1
[V¥] 0 1!
FMAMIJ J]ASONDIJ FMAMIJ JASONDIJFMAMI J ASOND
2007 2008 2009
(b) evapotranspiration
Soil Water Content mmp. - Obs.  —Sim.
- 0
B - 100
&
o s - 200 &
[ r £
2 - 300 =
| =]
£ 35 [ e
S &
o =
(=%
@ 25 o
:
; o
= 15
g
A
5 800
FMAMIJ JASOND /| FMAMIJ JASOND J FMAMIJ J ASOND
2007 2008 ‘ 2008

(c) soil moisture

Fig. 5. Comparison of Observed Versus Simulated for (a), (b) and (c)

o UpElT) 2, 7k, Aol Zh2E 17.7%, 2029, 81.7%
2 R} FAHAAL I FAHE B -62% HA}
£ Btk

o] FAke wfdo] 4 WAAIZEY VPDe| uf)
ARkl A3 B A Ao A o] Fdat qletel o] gk Abehe
w0 FEbg H A Ao FAFES X webA A%
g 2 Aol A o] Eo] o] sd WS Ade] AE BEY F

1302

P Fawe Jge 2 vt
27 Mefolxt d-2% 2t

Terra 9174 2] MODIS AA& o]-&3te] A Aol digh 1
km IS ES} 8d w4 A T dAk AN Gross
Primary Production; GPP, ¢C/m?/8days)¥} =334
(Photosynthetic Productivity; PSNnet, ¢C/m?/8days)

5_

BEKERBEMNE



AMEEY wge] wel Ane vimaigth #AATES ol molA7t AABARYE $38 MODIS Air}
ARAG AT 7247 247t 056, 0.38= MODIS 3% vre 3hs 2t AS ER1E  qdh
sHd&Fo] RHESSys Bd 9] dESXHu} x| & Rolal
slek. FUAYAe] 49 RHESSys Hge] |27} 3.4 =
o) FAE D QAT 9 me] AL vET B
Zh= s g Jom BAN A 72 AAAS £ ATl A= RHESSys ARl EE S o83l 4t
0%, 09302 vhehdeh, AT thgrelel By wol Ank @ fojel AUERAA ABS Bk sk vt
= Table 7, Figs. 6, 77 2t} 33 & S L4484 A FAQ5kmM)S Fos A= fE5 Tl B
FE WU} o] YoM F57E Ag A FABF 53 Terra MODIS $G4S o143 M58 =3
2 o Folx]A] gl wolHleh, webA Fig 6ash 2ol 4 At FURYAE ARE vgow nge] 484 Bt
7 F5E o5H 793} 8ol =33gAl Fo] 5o H] £ 9ste] A&atsion 1 AdE aokehd o 2tk
3 WA BoEE AS 91 4 glom wekA] Table 7 D A& O7], EGe] dazgol o3l AejAe] &
Table 7. Information on Calibration and Verification Periods for PSNnet and GPP
PSNnet GPP R
Period P (mm)
MODIS Sim. MODIS Sim. PSNnet GPP
2007 1262.2 780.8 524.6 1192.9 1395.8 0.55 0.93
2008 1498.3 807.7 500.0 1206.5 1373.0 0.38 0.93
Net Photosynthesis mmpP.  ——Obs. —Sim.
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