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ABSTRACT

Received: November 8, 2022 This study was carried out to develop a model for a upland drought forecasting system using soil available
Revised: November 18,2022  Water contents (SAWC). The SAWC expressed as a percentage of the current available water content our of
the total available water content. The total available water content is defined as the difference between field
capacity and wilting point, and the current available water content is calculated by subtracting the wilting
point from the current soil water content. The total available water content was calculated by dividing the soil
characteristics by depth based on the soil depth of 60 cm, and the current soil water content was calculated by
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Edited by adding the previous available water content and the effective rainfall and then subtracting the actual evapo-
Woo-Jung Choi, transpiration. The actual evapotranspiration was calculated by multiplying the reference evapotranspiration,
Chonnam National University, crop coefficients and water stress coefficients. The reference evapotranspiration was computed with FAO
Korea Penman-Monteith equation. Soybean was selected as the reference crop of the drought forecasting system due

to its proportion in the total upland area and industrial importance. The water stress coefticient was evaluated

as a function according to the soil available water condition. The drought stage was classified with five stages
ORCID based on SAWC. To prepare countermeasures against drought of crop fields in upland, the information on
Kang-ho Jung SAWC and upland drought stage was provided to 167 cities and counties from April to October.

https://orcid.org/0000-0001-8854-7278  Keywords: Crop coefficient, Effective rainfall, Reference evapotranspiration, Soil available water contents,
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Meteorologlcal data Crop data

"~ v

v &
Total available water content Effective rainfall Refuranta Crop coefficient,
(Field capacity-Wilting Point) (Jung et al,, 2007) Water stress coefficient
evapotranspiration
+ Applying the national average soil characteristics + Applying the national average slope (Penman-Monteith equation) + Applying the reference crop
(Classification of inland/volcanic islands) characteristics (Slope 10%) (Soybean)

v

Soil available water content (%) = Current available water content / Total available water content x 100

+ Current available water content = (Previous available water content + Effective rainfall — Actual evapotranspiration) — Wilting point
+ Actual evapotranspiration = Reference evapotranspiration x Crop coefficient x Water stress coefficient

=

The forecasting and warning of upland drought

Stage Normal Caution Alert _
i More than 60 60 or less 45 or less 30 or less 15 or less
water content (%)

Analyzing the current state and forecasting after 1 week of upland drought using average meteorological data

The schematic diagram of the model assessing soil available water content for the forecasting system of upland drought.

Introduction
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Effective rainfall (mm) = 38.3 + (rainfall - 38.3) x 0.33 when rainfall > 38.3 (Eq.- 1)
2= A 22 o] AR Eofolr| sl 7S EntEa AP dstal 2127 (crop coefficient, K.) 2t
AEF|IA AL (water stress coefficient, K) S Holla S 24 48 2 W 22 S EF (ETe)yS Y2 APY5H

T} (Allen et al., 1998; Hong et al., 2015b).

ETc = ETy x K, x K, (Eq. 2)
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=z =z
7]1_01—:‘1_-\_0

2 (AR Y 717 (Food and Agriculture Organization, FAO)O|4] F5k= FAO-56 Penman-
Monteith (PM) 4] (Eq. 3)& A1-83Ht:

0.408A (R, — Q)+ ’y%uz (e,—e,)
£l = A+~(1+0.34u,) (Eq. 3)
B 4.87
Y2 U2 (67.82— 5.42) (Eq. 4)

7| Al, ETor=PM 5210 2 APH 7|55 AR (mm day ), 4= 37198 5419] 7187] (kPa°C™), v = A5A1 4
4= (kPa °C™), urt= AV 2 m =004 2] 345 (m s7), R = EAIU A (MIm™ day ), G= EFE 75 LE (MIm™
day™), 7= & 7|2 (°C), es= 81571 (kPa), e, = AAIZ7 Y (kPa), u = AV Z mizo]o| A 2] F45 (ms™), Z

= F57) AT (m)o]n, FLE g, 49 Jste] 0lS BAGH 7 PM F4o] A gahaick

—

HEQUXL BFS ARt HEAER T2 Aot B2 vt A AES sk AR T ARE
Z A A o] 7P w2 2= o]tk (KOSIS, 2016). ZHEAlG= 220l tieh 54| 718 AA) Saitere] 7153534t
ol theh vlgo]H 2-=2] ASttAlof wha gezith (Table 1).

T AEA ARG (K= TH0 EGE fdo] 4 jIfIE Wobd A F4tol et SRR SO R F
o] Aold. o2 lof 2FE0] Fihitgo] 7Haoh= A4S BFYITt (Allen et al., 1998; Hong et al., 2015b). 2 A
oMz 54 efolAnlE AE Sote] F A7 ol A g AEA AL APSHITE (Table 2).

Table 1. Crop coefficients (A) for soybean with growth stage to evaluate evapotranspiration without water stress.

Growth stage Seedling Leaf extension =~ Flowering  Beginning pod Maturity Harvest
Start date 5/20 6/11 7/21 8/21 9/11 9/26
End date 6/10 7/20 8/20 9/10 9/25 10/31
Crop coefficient (K.) 0.58 0.88 1.00 0.93 0.93 0.50

Table 2. Water stress coefficients (K;) for soybean with the grade of soil available water contents to evaluate actual
evapotranspiration.

Soybean growing period (5/20 - 10/31)

Stage - - -
Soil available water contents (%) T Water stress coefficient

1 80 or more 1

2 60 - 80 0.8

3 40 - 60 0.7

4 30-40 0.4

5 0-30 0.1

TEffective soil depth 60 cm.
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Results and Discussion
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(Eq. 5)
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2021). EFRETEE (%) A8 542 Eq. 7 - Eq. 1137 2t}
SAMC (%) = (SAM, / SAMiprar) * 100 (Eq.7)
SAM; (mm) = (SAM,., + ER, - ETc,) - WP (Eq. 8)
SAMiora (mm) = FC - WP (Eq.9)
ER, (mm) = rainfall when rainfall = 38.3
= 38.3 + (rainfall - 38.3) x 0.33 when rainfall > 38.3 (Eq. 10)
(Eq. 11)

ETc,(mm) = ETy X Kc x Ks
714, SAMC= EYFag-& (%), SAMA= tY 9] -FE8T-R% (mm), SAMparss S84 (mm), SAM,.1<=

=
L

T~ Jim
t-199] f- 855 (mm), ER-2 t4 9] 487 (mm), ETc 2 tY4 9] 2HE S (mm), FC= -F- 854 60 cm

T L
7]&0] g2 (field capacity, mm), WP -8 EA 60 cm 7152 P91 (wilting point, mm), ETy= 7|
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ZHREF (mm), K= 22 Al (crop coefficient), K= i A~ E @A A4 (water stress coefficient)© |t} £ 2-A]0]]
285 Ut s 60 cm 715 Ht TSRS 150 mm, GRS 54 mmo| A, FHEFEHS 96 mmO|
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Table 3. The upland drought stages defined with soil available water contents used for the forecasting and warning
system of upland drought in RDA.

Soil available water content (%) More than 60 60 or less 45 or less 30 or less 15 or less

Soil data | Meteorological data Crop data

v &+ v

Total available water content Effective rainfall Hefiai Crop coefficient,
(Field capacity-Wilting Point) (Jung et al., 2007) Water stress coefficient
evapotranspiration
+ Applying the national average soil characteristics * Applying the national average slope | | (Penman-Monteith equation) * Applying the reference crop
(Classification of inland/volcanic islands) characteristics (Slope 10%) (Soybean)

v

Soil available water content (%) = Current available water content / Total available water content x 100

+ Current available water content = (Previous available water content + Effective rainfall - Actual evapotranspiration) — Wilting point
+ Actual evapotranspiration = Reference evapotranspiration x Crop coefficient x Water stress coefficient

The forecasting and warning of upland drought

Stage Normal Caution Alert
sl More than 60 60 or less 45 or less 30 or less 15 or less
water content (%)

Analyzing the current state and forecasting after 1 week of upland drought using average meteorological data

Fig. 1. The schematic diagram of the model assessing soil available water content for the forecasting system of upland
drought.

B Ao A A ERfasi g 7| kg WU RYS S5 Vg Akg s A=t 16770 Aol tis
7191 495 E 10978 F13], 7Fa7 1901 5223 Xﬂ%ﬁ}‘ﬂﬁh 2022Ld°ﬂ% 71 Astol et 5L 24 U5 E 6Y 27?—__!
THA] 32 - 53] AAmE Algslo] M=k W7 HE A% A& oetst 4= QI = St 59 A=t Wit 4afo] 6.4
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mm$ O™, 59 24Q0] A Bt EFGATEE-L 57.3%E 16771 At 5 14471 Al (86%) 0] 7 4] T
2 SRelE it} 6 30 A Bt EFGASE-2-240.3% 1467 Al (87%)°] 522, 1971 Al (11%)°] 4]
HA R ERIxo] Erhgo] 2t 1Tk 69 78 A= H 17.1 mm O] & GRAGS AF 02 HrkRo]
8 AT = QAT A= 50%7 1 e A S o o] WAl O BAE Al 69 138 5E A9t S H ¢
F2|Ho] A DA R SR1E| Yl om, JHFA] A o] w7 Hgo] YAIA 0 & SfAE |, ¢d5] fdE]
2 Z51ch 59 2440 E A= ESFFATEEL 374 - 68.4%2] HHS GAGI} 69 23Q0] A= Bt 34.2

O] = 2445 E Wk B HAR 2l&Esh7] ARSI (Fig. 2).

:

Normal m Attention © Caution = Alert ™ Serious
—100

0 I I I
40
20

5/24 5/27 5/31 6/3 6/7 610 614 617 6/21 6/24 6/27
Date

Distribution ratio of upland drought stage (%

Fig. 2. The distribution ratio of upland drought stage based on soil available water content from May 24 to June 27, 2022
in Korea.

Conclusions
H Aof| M= ol tiulolr] Yoted ESF, 714, 2FE AR E T8l EYRaTEeS Wi e
F= 7Ndst] AXolALE EGFaTRE2 S aTEd 5 A 8T S-S RS (%) 2 T3 gl
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