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Construction of Database for Application of APEX Model in Korea and Evaluation

of Applicability to Highland Field
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Abstract

The Agricultural Policy/Environmental eXtender (APEX) model was developed to extend EPIC’s capabilities of simulating land management impacts
for small-medium watershed and heterogeneous farms. APEX is a flexible and dynamic tool that is capable of simulating a wide array of management
practices, cropping systems, and other land uses across a broad range of agricultural landscapes. APEX have its own agricultural environmental database
including operation schedule, soil property, and weather data etc., by crops. However, agriculture environmental informations the APEX model has is all
based on U.S. As this can cause malfunction or improper simulation while simulating highland field. In this study, database for APEX model to be
utilized for South Korea established with 44,814 agriculture fields in Pyeongchang-gun, Korea from 2007 to 2016. And assessed domestic applicability
by comparing T-P unit load criteria presented by National Institution of Environmental Research and result of APEX model. As a result of APEX model
simulation, average T-P value for decade was 6.18. Average T-P of every year except 2011 was in range of 5.37~10.43 and this is being involved into
criteria presented by National Institution of Environmental Research. It is analyzed that adjusting slope factor can make the model applicable for
domestic agricultural environment.
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1. APEX B2
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9 EPIC REL& 744 9) S} S 73 352 7ol
ol T AT g S ol 4= A H Ut (Sharpley
and Williams, 1980; Williams, 1995). EPIC ®dloj|A £Q
B PYRAE DN B T, S8, WAL E)H, L
oFe] e aty, AE A, B =5, BAL AAY W A= g
74 Alof Folw, W7 7t T 8484 B A, o
N &7 e, e, A AR, B N W HRIA)L S
= B 2 H| =20} 5oFo] ARERF Bl ARG Al7] 2 5o] QL
th(Williams et al., 2012).

APEX 2 E2 EPIC 2 E9] 7|52 54 AA| = Aot
ooz 24st7] sl 7 E Lo w, EPIC ©Hl9] 7]5 o]
Qo= BT A W = A LHoA {9 744 ol
ool AH EAth= &, HAE, i U 5o F A5
7158 E3I51al Q)T (Fig. 1) (Williams et al., 2012). o] 23t

FAMAUSS T3 24U 75, S A= HA Y 2

) 104 2 (HRUole, ZAabel] 0 5716k (8
A, AR 5 714) 5 ofe] B 5] 4 of 0]
71531} (Williams et al., 2012).

APEX SRlollA] §:01& A4} 24 o111 58 A s
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Fig. 2 lllustration of the routing mechanism within a watershed in
APEX

o, §5 59, TN, T-P 5 mofab gk et @
A} APEX 5] 7] o] eluo] At 1)t 42 S 7] uho =
o] glol, S o mofs] Slsh ) Al
Aol g dlolgulo] s o] Bastet. of7]o] s
dlofeflo] st 2t EoRE ] et E RS AR, Al 22
P A, 1A HE] DK BA AR Fo| Tk APEX

HE 0] 55 Ak A A5 2HE0] 8l (ton/ha), -
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etal., 2012).
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APEX 238 F5317] 913t eiatizts BAl/ 24 2
AR, TVPAR, B A4 AR, GEE P 4R 52
28 gk DA/ g AP atas 2t A2 220l gt
¥4, CHL, RCHL, A} 5o thet 42 of]alo, APE

2 WA FE] FHE FAA ol et 2A A

25 7o 2 54 AReAE 75 vt gtk

Ut s A A AR E ANESH ] 93 Rt 2= Al
74 wple] glek 153 Klo] tEk A st 57
2 o]l skl Aol Sk WY, 2)=rE A 2] =l (NGII,
National Geographic Information Institute)o| 4] A|-&5=
1:5,0009] =X A G ol A =, &, e, H2 4] Fof| gt
BAAAFA AmE BEsto] 74X BAE FEvh] &
|5k W, 3) 5 H A4 F s 2hg 22 (EPIS, Korea
Agency of Education, Promotion and Information Service in

s etsi=rg All5od A6z, 2017 « 91



APEX RHo| I MES 2/t CI0EH0]A 75 H T4X| ol o

ron

b M
1o

0z
0l

7t

-
o
Q

\’CL
i
@)
=
[¢]
w2

3
3
o,
|
w2
=
[¢]
=,
e]
w2

N

=

>

H= = E]'

A A Wl ALY S 85t e o' HAERo]
A S Wl Am0) A2b SRlelA Folud Axo] 9
9k, M=o tsto] ARish= 22 A o= A7 AR
o, whel, S A ) S A B ] A FARIS e

sfato] el et 547 A Ahark FEE] o
A 5, W3k Aol HhEE 77k EAI ofo] &
Aol A EPISO) M T2t 2onte S
=22 83519} (EPIS, 2017). AnkE gk
HE AEEe ESs 2 BYEFL AAlskom, e

(KS-QISO 2891-1) 7]zze]| wh& &2t AlE& 555l 0|
£ 3R BARII UL BATSH] A5 Aol thH(EPIS, 2015).

A GRS F=517] S5t P 0 2= Park et al. (2007)
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3HAth Koo et al. (2016)2 & 2|24 2 o A] Al 2ok
27 1:5,0009] 4272 B 2 0} 427 X £ 8§ AT E o] 5 A}
golo] S S 2FIT, 22T S 4R2E of
£5}4] Tin datas A4, ©]= 5 mx5 m DEM X} = 2 H3ls}H
k.

TR A9 714 ARE Bl TR0
(KMA, 2017), APEX =€ ALg210] Hol2 wwalr] 95}
of AR} wofak A ks 717ke] 7R S Aghe 2
= 7}53F GUI (Graphical User Interface) 7]91e] 2 7}
9514t} o] GUI= Open Source 2 Al3-E=PyQtE- 7|HES.
2 At 0 n, 27 el e A 8 (WAMIS,
Water Resources Management Information System)o]|A]
OPEN APl FEj & AlE8h= 717478 9] 714 =E 285k
th. OPEN APl= g57]¢tolu 57 7|oll A Hf-stal Q)
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= o] it ARE 5 Fart ey A 9
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118 53 welsir

APEX 18] v b2 o5 phelo] Bas 212 %, PHUL
o] FE s A e A Aol mEelr | 7kA] A= A
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=0 AMETE THA] oA, PHUE 283 49 =0 uf
2tk 7], AR, A7) O] S ThEA 2

X

£ 4] (12} 2k,
PHU = 33 (Ty 4 Ty, /2 T) M)

oAFNH, n AE AFUS, T, = HILE, T,
HAALE, Ty A 7 w05 T 52 10 TF o)
ok Q0 R 7wl 8o ujel chEAR 1A
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z]d o]tk (MOE, 2016).

B 46,413 7] 0] WL x3}ala 9l on], BA AR
ol whE2 2015 B AR F2 2429 %, v
22 %, FL11 %, QP T %, 137 % 50 2 JLAE o] 9k
ol wfl, 7} F 7 Aol gk ol 3 EFs-2 ARt Qlol “7|el”

EFER= 1,599 7H 9] W2 A| 9)5}ar 44,8147 0 'S T4
.2 3915, 5 mxS m DEM T} AHE 598 SHgeo] B3

%

7ol thet 33t A HE S Au BA s
78 A AR Table 137} o] A = Ut} BA-2) st
H 5BA RS B F 44,814 79 5HA FolA
43.28 %] A== 19,395 2] B A7} Za18 2] of &5}
L A= 400 m o)Ak ~ 600 m m]Rte] Bz E]o] glom,
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A= 3119 % 7] AP Bl = 2o = A4 E ik

APEX 229] ¢]2¥4=1= Choi et al. (2016)©] APEX-
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Fig. 3 Study area: Pyeongchang—gun

Table 1 Status of field by Pyeongchang—gun elevation

Number of field
Elevation (e, meter) Mean slope (%)
Count Percentage (%) Accumulate

200 < e < 400 9,743 2174 9,743 13.68
400 < e < 600 19,395 43,28 29,138 15,53
600 < e < 800 14,211 31.71 43,349 18,46 16.86
800 < e < 1,000 1,387 3.10 44,736 20.35

1,000 < e 78 017 44 814 31.19
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Fig. 4 Ninety nine weather gauge stations of the Korea Meteorological
Administration

Table 2 BOD, T-P load rate revised by National Institute of Environmental Research in 2014 (kg/kmz/day)

Water quality Land cover The level—1 land cover The level—2 land cover
parameter Level—1 Level—2 Mean Range Mean Range
upland 438
(highland) (a4 (17.30) 0.62~49.81
BOD field greenhouse 4.24 ~ 11.85 2.08~43.06
orchard 11.96 2.69 0.43~2.91
others 1.45 0.32~5.30
upland 1.400
(highland) 0.080 (5.371) 0.321~10.896
T-P field greenhouse 1.435 ~ 3.511 0.418~11.319
orchard 11.319 0.630 0.239~1.733
others 0.813 0.080~1.749
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Fig. 5 Weather data from ninety nine weather gauge stations
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Fig. 6 Flow chart of GUI for building real—time weather data

Table 3 Annual precipitation in Pyeongchang—gun

SWAT

Weather station

Annual precipitation (mm)

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

Daegwallyeong

1,223.3

1,128.6

1,3317

1,217.3

1,762.1

1,288.7

1,052.3

1,308.2

981.9

1,184.0

Yeongwol

1,714.9

876.6

1027.0

1,341.2

1,975.9

1,398.8

1,240.0

876.5

676.0

940.4
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Table 4 Soil properties

Variable Description
HSG Hydrologic soil group
Z Depth to bottom of layer (m)
BD Moist bulk density (t/m°)
uw Soil water content at wilting point (m/m)
FC Soil water content at field capacity (m/m)
SAN Sand content
SIL Silt content
PH Soil pH
SMB Sum of bases(Ca*", K, etc.) (cmol/kg)
WOC Organic carbon concentration (%)
CEC Cation exchange capacity (cmol/kg)

Qfth. o]of H oI Lol A= SE g Al A= 394 o] &
FEol et EFEHARE FEIGCE o AR A9
Sl WAl Hlo} Ylov Al g e EYEAARTT glo]
A Jatsit). 3l 45 7 EOFE (AFS~Fa)o] gt Am
FrEeo] HAIER oot 5 EATHNA FEE BYSAA
25 283h4c

Ct = 2EE I35 Az 75

AN AelistE 2hE 5 T S AR )

Crop
potato

sweet potato
pepper

carrot

green onion
perilla

garlic

radish

napa cabbage
lettuce

cabbagc
Il onion
Il corn
Elevation Bl sesame
Il < 600m Il soybean
1> 600m 0 5 10 Bl ad7uki bean
[CJPyeongchang Kilometers I pumpkin

Fig. 7 Spatially distributed results in Pyeongchang—gun field
depending on the cultivation area of each crop

Table 5 Number of fields determined according to cultivation area by crops

Crop Number of fields Crop Number of fields
potato 13,049 carrot 792
napa cabbage 9,855 lettuce 616
radish 5,130 adzuki bean 440
cabbage 3,240 onion 176
pepper 3,060 pumpkin 132
green onion 2,736 sweet potato 88
corn 2,640 garlic 44
soybean 1,628 sesame 44
perilla 1,144 sum 44 814
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Table 6 Sowing time, harvest time, potential heat unit for 21 crops

Bl A,

(NAS, 2017b)

b /\O]-—T—ﬂ

B}, o, ©

70, el et s Ahes Ao
uke} LESHSICH (Table 5). BARol 283 22
oz e X)of Tt Ao 24

%’ Zj]—x]g

Crop Cropping type Date Potential
Sowing | Harvest | heat unit
spring 3/10 7/5
summer 5/5 9/5
potato fall 7/30 11/15 1,620
winter 1/5 5/5
highland 4/15 10/1
sweet potato 3/25 10/10 3,150
pepper 3/15 7/30 1,500
4/20 8/20
carrot - 1,500
highland 5/20 9/20
sprin: 4/10 11/15
green onion Pring / / 3,000
fall 6/10 4/20
perilla 5/25 9/15 2,600
peanut 6/15 10/15 2,880
garlic 10/15 7/15 3,250
sprin 3/30 6/20
radish -p 9 / / 1,800
highland 6/1 9/10
spring 4/10 6/5
napa fall 8/15 | 11/15 | 1.250
cabbage
highland 51 8/15
summer 5/10 7/20
fall 8/1 10/10
lettuce - 1,375
winter 10/25 2/20
highland 4/15 7/15
water melon 4/25 7/20 1,000
spinach 3/15 4/15 750
spring 3/10 7/20
cabbage fall 7/15 10/30 1,012.5
highland 5/20 9/15
) 9/5 5/30
onion - 3,360
highland 3/10 9/30
sprin 4/20 7/20
cucumber pring / / 1,125
fall 1/1 3/5
corn 4/25 9/20 1,950
sesame 6/5 9/15 2,700
soybean 5/10 10/5 2,450
adzuki bean 6/15 10/5 2,090
pumpkin 4/25 7/25 1,000

on, dhuke} 2.0]0] 294 B A} o] o]
Ao 48319tk APEX 1dl 5o et

A A 2R AR O] A A w1 ket
Fig. 73} o] 32 o] 91o] v E31%1e} (Table 6).
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Fig. 8 Simulation result of monthly averaged T—P for 10 years
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Table 7 Simulated result of T-P by year using APEX model
T-P (kg/km?/day)
Simulated value
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Mean 10 year

Precipitation (mm) | 1497.8 | 1051.0 | 1237.8 | 12555 | 1861.8 | 13226 | 1109.6 | 11762 887.7 1109.0 1250.9
Mean 10.43 9.62 7.4 8.27 14.47 9.81 712 7.25 5.37 7.51 6.18
Maximum 206,28 | 86.44 85.08 71.84 165.32 | 110.09 49,01 42,35 4311 43,56 122.50

7He] e tharo 2 T-PE R o313tk 1 A3 10d H+ 7

20628 8644 8508 7184 16532 11009 4901 4235 4311 4356 12250

T-P(kg/km%/day)
s G
VT
I
El }ﬁg E

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Mean

Fig. 9 Box plot graph of simulated result of T-P by year
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