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Soil Related Parameters Assessment Comparing Runoff Analysis using Harmonized World Soil
Database (HWSD) and Detailed Soil Map

=l * =**,T % *
M HEE™T - UFE - UEY

Choi, Yun Seok - Jung, Young Hun - Kim, Joo Hun - Kim, Kyung-Tak

Abstract

Harmonized World Soil Database (HWSD) including the global soil information has been implemented to the runoff analysis in many watersheds of the
world. However, its accuracy can be a critical issue in the modeling because of the limitation the low resolution reflecting the physical properties of soil
in a watershed. Accordingly, this study attempted to assess the effect of HWSD in modeling by comparing parameters of the rainfall-runoff model using
HWSD with the detailed soil map. For this, Grid based Rainfall-runoff Model (GRM) was employed in the Hyangseok watershed. The results showed
that both of two soil maps in the rainfall-runoff model are able to well capture the observed runoff. However, compared with the detailed soil map, HWSD
produced more uncertainty in the GRM parameters related to soil depth and hydraulic conductivity during the calibrations than the detailed soil map.
Therefore, the uncertainty from the limited information on soil texture in HWSD should be considered for better calibration of a rainfall-runoff model.
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BHEYGEE ol8dlioF & AAstL it (Jung et al.,
1995; Kim, 2003; Kim and Choi, 2004; Choi, 2010).
HWSD+= Food and Agriculture Organization of the United
Nations (UN FAO)2} International Soil Reference and
Information Centre (ISRIC), Institute of Soil Science-Chinese
Academy of Science (ISSCAS), Joint Research Centre of the
European Commission (JRC) 50 2 K E] A F &= | EoF
tloelHo| A5 2364 TS| Atk (FAO et al,, 2009).
HWSD+= ¢F | km (30 arc-second) 2] sfA =S 714, EoFE
T3 A =] A 54 ERIAL Qlek 599 A9 AT
A i e of| A AR} A A= FoF 7} (Christian et
al., 2016) 2 E2FEA B4 (Todd-Brown et al., 2013; Kochy at
el., 2015), FE3t EFA=7L =5 o] A B2 A9 =
3|41 HWSD7} &-&%] 17 (Abdelhamid et al., 2011; Elena et
al., 2013; Xianwu et al., 2013; Yassine et al., 2016) 3] 21,
ol A= oF2] o]of| gt A8 W F717F FE53 A olTt.
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Rawls et al. (1983)2] G ATE o] L3} 9ict. o] E%k
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Table 1 GRM model input data and sources

H Lo A= @ Z 4 GIS? MapWindow (MW) 2] &
21010 2 Al8El= GRM2l MW-GRM (KICT, 2016)2
o[ 88191t MW-GRME Alaal7] Slaf A= £, 584
o, A, sHE, BAL BRI, BA, B dl&
E] glo]of7} P a sttt i Atof A= Table 132} Fig. 2014
o} Zro] DEM, 847 it EX 9 R, st ]=d
AUEYE, HWSDE o] &84 34 ool gt YAtz
£ 500 m 37t S e 58Tk

TN 20081320121 Alofol B34 2 Frke el
4712) APAREE- Table 20§49} 7o) X451t Event1~Event3-&
4] §r000] 719 US ol TS 79 kS E B2 o}
A o Bt o2 ALl oH, Eventdi= HISAE 25
ool TEE HXF59PA) (specific differential phase,
KDP)5E] 37451 7192 (RKDPYS: A 5 79758 o)

Source data

Data property

Remark

Watershed

Watershed area

Flow direction

Calculated by D—8 method

DEM Flow accumulation
Stream
Slope Gradient slope of rise/run
7 attributes (Urban/dry, Crop, Forest, Grass, Wet land, Bare, Water)
Land cover map Land cover . )
land cover map from Ministry of Environment, Korea,
) ) Soil texture
Detailed soil map
Soil depth
Soil texture
HWSD -
Soil depth

5 ULk

Land cover ()

Soil texture (DS) (@) Soil depth(DS)  (h) Soil texture and

Soil depth (HWSD)

Fig. 2 GRM model input Geographic data (DS : detailed soil map)
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Table 2 Storm events

Events Event Periods Rainfall Peak3 flow | Time |r\terval Remark
(mm) (m*/s) (min)
2008.07.24, 20:00 -
Eventt 20080727 07:00 128 1,619 60
2009.07.12. 03:00 - o ) )
Event2 200,07 14. 09:00 85 847 60 Mean areal precipitation using Thiessen method
2009.07.14. 14:00 -
Event3 2009.07 16, 23:00 86 1,310 60
2012.09.16. 16:00 - - Calibrated RKDP from rainfall radar
Eventd 20120920, 12:00 89 e 10 - Spatially distributed
- Model calibration using detailed
) soil map e
Basic - Estimate ISSR, MSCB, CRC, CSHC,
parameters || and CSD
estimation !
- Set MSCB and CRC values (@)
+ Model calibration using detailed PEST
soil map |
) - Estimate ISSR , CSCH, and CSD (®)
Soil - @ are applied to MSCB and CRC
parameters |
estimation
- Model calibration using HWSD
- Estimate ISSR , CSCH, and CSD (©)
- @ are applied to MSCB and CRC
Soil
parameters ||- Compare ® and ©
assessment

Fig. 3 Soil parameters assessment procedure

S g AR oLSBIAT vl P elolele] B AT
% 9 2750 ofsh= MLTMA (2011)8 et 42 Sick
3. 24 ury

QoA GRM 23 2] 1S 91314 1§ 225} 2
Q1 PEST (model-independent parameter estimation) (Doherty,

2009; Noh et al., 2013)2 0|85t} YHEAQl F-=3] 4 o A
= RS 7] ol Y, $ A W 2o

NHSE At e 2 B S AT GRM X & of| A H A o]
7Hs gt 30 s SHE HaAY, S8} 2 A
o uls, BESE, NEY 2T, SHE 2EAS0}
e A sl Ablol) Wk o, S2) AR, Eok S}

e morpel v s, T2l 1 Eoye) 27)28her) 9l
2 Aol A 0] % WZEI ]I 2 Ao ejxl 27]
Z3}E (ISSR), 3HE Z4ZAF (MSCB), sHE ZEAZ
(CRO), B9} 42| A BAAS: (CSHO), B4 247
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I (CSD)E o]-&3[| A &S HA5F T} (Choi et al., 2012;

Nohetal., 2014). 2| A == HAA L} B4 HAA L=

FHAEES} B gl waliAls A2 A, 0 o] 2
< #8384 9lt} (KICT, 2011).

AP o} HWSDS o] §3to] f &AL ok, 212
of £ B oA ASS HNok7] 913 AL Fig. 33} 2

t}. PESTE o] 83| A AUEFES 483t GRM 2] =
7123he, e AL BHe 2EAS, B SEHEE
HAA S, B BAASE 77451, she a7 Ak} f
T ZEAS 7| B (@) A3 EYE (AHUEYE
9L HWSD)2] 4o w2 2 oF T ujj 7 =0] HEA S 3
7¥el7] fIs A, ot 2| AN} 2 AlE LAFH e R
Shal, Rl e HAA 0L B HAASE vHRA o
234 (®, ©)stet. 27| 23t= = S 7AM th EoFEA
of weba] 7 A o &7 A Eofof 5= i 7] o]tk
EQE A8 e =T AL 419 ﬁ7}L Nash-
Sutcliffe &84 (Nash-Sutcliffe efficiency; NSE), ¥+



Al E-L2A} (normalized root mean square error; nRMSE), A}
A4 (correlation coefficient; CC)E Z-8351%. 2.1, th3-9]
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Table 3 Soil texture distribution (detailed soil map)

/(Usimaobs) (7)

FA ol oA A UES = HWSDE 53511 &
A1} EFAS B FoFATE A f-YollA HWSD A=+
7€) mapping unit (4295, 4352)0] &3} Q) o, &= 7l W= 3}
LHo] B4 (Loam)E 7H¢Ith. HWSDO A A|AISHAL QL= E4F
A AR = (D Obstacle to roots, @ Impermeable layer, (3
Reference soil deptho|t}l. Mapping unit 42959} 4352=
obstacle to roots, impermeable layer g5 7}A| 1L Q1A] o
B2, B oJqLof| A= reference soil depth 7S ©]-8-3| 4] EOF
A1 (4295 : 100cm, 4352 : 10cm)S AA5}c AUESF =
M= BETAA B &4 EFsaL QlaL, EgEolAl
EFAS AASFAL QT (KICT, 2016). GRM X &2 U &
FEO BT EFHE 7Rk o 2 AAlskaL glom, & A
To|A= o] & ©]-8-513ict. Table 3~Table 5= 3F
K| U EeHEol HWSDO] 4] 9 mopy) 1
WA (R R, EoRA) 7S Lhehd 2ol

YUEF Lo A= AFJE (Sandy Loam, 75.3 %, 2] A==
1.09 cvh)7} Aufj&o] 1 Bt e =%= 1.07 em/holch
HWSDo| A= 9 A A 71 & (Loam, 100 %)), FEL] 4=
HHAEE=034 eh2 ARSE W AL EFE Pt 2| A=
of mlal oF 1/39] gk 71xIch 12|22 HWSDE o8-8 79

HEgo] Aol uke} HEdo] Aob|x, Az §E0] 27

o iz
N
N
N
1o

Soil texture Hydraulic cond (cm/h) Areal ratio (%)
Silty clay loam 0.1 0.5
Silt loam 0.65 1.4
Sandy loam 1.09 75.3
Sand 11.78 0.8
Clay 0.03 0.9
Loamy sand 2.99 2.6
Loam 0.34 18,5
Area weighted average 1.07 -
Table 4 Soil depth in the study watershed (detailed soil map)
Soil depth Depth (cm) Areal ratio (%)
Deep 125 19
Moderately deep or Moderately shallow 75 55
Shallow 25 16
Very shallow 10 10
Area weighted average 70 -

SFs-38h5] =2 7] A58 Al43, 2016 « 61
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Table 5 HWSD soil attributions in the study watershed
Soil data Mapping unit Attribute Parameter value .
- Areal ratio (%)
) 4205 Hydraulic cond
Soil texture Loam
4352 0.34 cm/h 100
4295 Deep 100 cm 30
Soil depth 4352 Very shallow 10 cm 70
Area weighted average 37 cm -
2000 = 0 1200 0
' ' mm Rainfall l mm Rainfall
. - Hyangseok(Obs)| | 20 1000 - Hyangseok(Obs) || 20
_ 1500 —Hyangseok(Sim) 800 J —Hyangseok(Sim)
§ -40 E § -40 E
‘1000 % ‘g 600 %
s 60 £ 5 60 £
£ S £ 400 3
2 500 . =
80 200 80
0 100 0 ‘ ‘ ; 100
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Time[hr] Time[hr]
(a) Eventl (b) Event2
2000 — - 0 1200 0
mm Rainfall ' mm Rainfall
- Hyangseok(Obs) | | 20 1000 - Hyangseok(Obs)
1500 i ) —Hyangseok(Sim) 5
= —Hyangseok(Sim) - 800
£ ' “©€ § T
1000 - E g 600 10 £
= 60 £ 5 £
% 5 5 400 §
& 500 a 15
e 80 200
0 100 0 20

30 50

Timelhrl
(c) Event3

20

40

[22]
=]

20 40 60

Timerhrl
(d) Event4

80

-
o
o

Fig. 4 Model calibration using detailed soil map for MSCB and CRC
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o= ot

R
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2. 7|= o AF

GRM H.3 0] =8 WA v 74 5 EoFe 7 14t
o] A8 712 mi7iS (SHe AL, sHe 22 Al E
Aol 712 o7 A=2] AAE ol AUEYEE A8
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2JHE T B (CSHO), B9 BAALS (CSD)E 743t
of mEL WAL 4749 ShE H2AAL BHE REAS S
A stel 24 o e) ggho 2 o) g5igict.

T S BEGHS /1EOR By WYY A}
(Fig. 4, Table 6) 47]2] APAJol|A] B NSE (0.94 ~0.98), CC
(0.97~0.99), nRMSE (0.05~0.08)7} %F&5}o] Al&RalxS:
A ARG 4= 9 5102 Ll Table 4o]4 Eventdo] chat
SHE 21473 (0.0001)9 SHE F A (0.025)1 ThE A
of 1]l 4 27 AP # gl ol ThE AP e Eventd

o PE, F9AR AFUHIE} LE 1Y
O g2 2344 ] SHE AL T o] 1| x| = 5 57
of Tt F7h210l 927k W R stk SHe M, BE 2
A%2] B#ghe 242} 0.00129+ 0052 APYE|Sich. 22be]
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Table 6 Calibration results using detailed soil map for MSCB and CRC
Event Parameter NSE C nRMSE
ISSR MSCB CRC CSHC CSD
Event1 0.76 0.0018 0.063 1.9 0.7 0.94 0.97 0.08
Event2 0.7 0.0011 0.048 1.5 0.9 0.97 0.99 0.06
Event3 0.88 0.0019 0.065 3.9 0.7 0.98 0.99 0.05
Event4 0.74 0.0001 0.025 0.7 1.4 0.96 0.98 0.06
Ave, 0.77 0.0012 0.050 2.0 0.9 0.96 0.98 0.06
Table 7 The calibrated parameters by using PEST

Event (95 % c::f::z:cirinterval) Detailed soil map HWSD

ISSR 0.75 (0.66 - 0.85) 0.67 (0.59 - 0.75)
Event1 CSHC 2.1(0.6 - 37) 5.6 (5.1 - 6.4)

CSD 0.7 (0.3 - 11) 1.71 (1.66 - 1.75)

ISSR 0.69 (0.61 - 0.77) 0.57 (0.49 - 0.64)
Event2 CSHC 1.1 (0.7 - 1.6) 1.6 (0.9 - 2.3)

Csb 1.1 (0.6 - 1,5) 5.0 (2.2 -7.8)

ISSR 0.84 (0.77 - 0.92) 0.59 (0.1 - 1.00)
Event3 CSHC 22 (0.9 - 35) 21 (1.7-27)

CSD 09 (0.6 -11) 2.3(0.2-44)

ISSR 0.24 (0,12 - 0.35) 0.70 (0.66 - 0.74)
Event4 CSHC 10.0 (4.7 - 15.3) 49 (40-59)

CsD 2.0 (1.2-28) 1.6 (1.2 - 2.0)

3. EY ZHE il HEYd It T oM = HWSDE: 0]-8]H -7} B A Uepte

A UESE=FHWSDO] 2]-80f wh== Eofah w7l 4
O] W5 d= B7Iel7] flsiAl She 247 AH0.0012)2} 5He 2
Z=A4= (0.050)= 178 gk 21-8-5}aL, PESTE ©]-8-5to] &
B= BASHTE AV w7 #a= ISSR, CSHC, CSD°]
T} Table 73} Fig. 52 2+ -0l A1 ©] w7l ¥4 2 2gJH95 % A1
2Rk Uehd Zlofot wilias HAZEYR= Eventl~Event3:}
Eventd7} A2 THE P VERASITE AUESEE of8sio]
Event4S H.0J51 739, ISSR, CSHC, CSD H-5-0{|4] Event1~Event3
o] Aato]] HleiA] ¥E/d 2 A= 5t7to] A Uk ol st
&= e Aot ohe 2EAlE 7] vl e AP A AL 3
T4k (0.0012, 0.050)C.2 #-83F0 5244, Table 694 AAIE
Event4of A 2] |27} (0.0001, 0.025)3} 2}o]7} 7] wj&el
2o & HhE

Eventl~Event3 2] I = Ao 4 HWSDE o]-8-3t HL.o] 2w}
= AUEYEE o83t 7ol BlsiA] ISSRE 2HA| 4Hg =,
CSHC®} CSD= A AP =3l o= HWSD7} 2] e
OF EoH] Mo A UESE Bk 22 ghE 7HA]7] whidl
2O 2 P, oA SE 27| ni7l 0] HEd 412

AU EoFrof| v HWSD7} 7}4]
EehlAdo] A7) Wiigel Ao & whekech
PEST= HAH w75 o]-§-5to] AlLbE f-=7F 21
L Fig. 69} Table 87} Z+t}. Fig. 60]4] AW EF =9 HWSD
£ 483 e Aol US T FHE ARG
4> AL} Table 79 4 NSE, CC, nRMSE+= 712} 0.87~0.97,
0.96~0.99, 0.05~0.122] M 9|2 LFebd 0 220 A= GakS- 1)
WA 2 WLOJGE 4= Q= 2 O 2 VPRI ST EventdE A €]
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Using detailed soil map

—
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Using HWSD

=)

Using detailed soil map

Using HWSD

i

I ‘ ==

Event1 Event2 Event3 Eventd Event1 Event2 Event3 Eventd

Event1 Event2 Event3 Event4 Event! Event2 Event3 Eventd

CSD

N

Using detailed soil map

L

e e |

Using HWSD

H
_'Ho

Event1 Event2 Event3 Event4

Event1 Event2 Event3 Event4

Fig. 6 Model calibration with ISSR, CSHC, and CSD (i :

Table 8 Assessment of runoff results using the calibrated ISSR, CSHC, and CSD

(a) ISSR (b) CSHC (c) CSD
Fig. 5 Comparing parameters ranges using detailed soil map and HWSD
2000 -0 1200 0
' ' mmRainfall ¥ l mm Rainfall
s - Hyangseok(Obs)| | 20 1000 - Hyangseok(Obs) || 29
1200 —Hyangseok(Sim) 800 —Hyangseok(Sim)
§ 40 E g 40 E
g 1000 - S g 600 £
5 60 £ 5 60 £
S T S 400 T
2 o 2 o
a 500 - 80 a 80
200
0 : . 100 0 . : : 100
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Timefhr] Timehr]
(a) Detailed soil map
2000 ~ — 0 D[/ JE— 0
mm Rainfall ' mmRainfall
- Hyangseok(Obs) | - 20 1000 - Hyangseok(Obs)
1500 - . —Hyangseok(Sim) | | 5
— & —Hyangseok(Sim) — 800
%) o e (2} —_—
£ F 40 E £ £
S, £ k=3 £
% 1000 | £ 2 600 10 £
5 60 £ g g
£ 3 £ 400 §
& 500 « 8 15
80 200
0 . . 100 0 20
0 10 20 30 40 50 0 20 40 60 80 100
Time[hr] Timefhr]
(b) HWSD

rainfall, e : 0bserved flOW, : simulated flow)
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- Detailed soil map HWSD
NSE CcC nRMSE NSE CcC nRMSE
Eventl 0.94 0.97 0.08 0.91 0.96 0.10
Event2 0.97 0.99 0.05 0.94 0.97 0.08
Event3 0.97 0.98 0.06 0.87 0.96 0.12
Eventd 0.94 0.98 0.07 0.95 0.98 0.06
Ave, 0.96 0.98 0.07 0.92 0.97 0.09
. BFA S ool A = B RE ¥ wdt A1} HWSD: o) 7| %> ZH2 7} AL}, Eventd= tha 2 2fo] = Ll
FAUECE vl BT} B &40 desiile At o= Event4 2] 71-9- 2t = 7} 7F-9-|o| B 255 A
o, ZF &0 e R of B v T B AR A Al s e Ahmo)7] il Ao = wek
o et Eu, 7129] F7be ol Bk A+ (Nohetal., 2014)
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