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Digital Twin for Irrigation Facility: Challenges and Opportunities

ATNES _ Zeoetn X[GHLZs 2 (yeon@kangwon.ac.kr)
QIAXH _ Ztiaty XA E 8k} & w2 (kjlim@kangwon.ac.kr)
= Znstn X9H-Z5 R a4 (jigkim@kangwon.ac.kr)
XEF _ Znfstn XezA8Zsm X i4(bji@kangwon.ac.kr)
AZS| _ Zdst K|SzEZ st AP (xnxiwnsgnl@kangwon.ac.kr)
Qo
2 ARoME 71E X2] & AA=(Geographic Information System, GIS)2| H& HS SHAS =
=
=,

Sl1, sUE 2| AILEQ HEE a6 LIEL7| Sioh 3xHY GISQH 712 HE P2 (Building
Information Model, BIM) 7HES Etst 22 HE & ghHS HOISIHCTH 201 32 7| (Unmanned
Aerial Vehicle, UAV)2t S ZALE Sofl 225t 588 2| A2 HEet K& HI0|HE Zelott,
+3X[F9| OXE E¢l BES MMHH, ¢ 7|8t GIS EHES 0|25 42| AJMSO| MEHTt HSHE O
K& EQ DEs AZISI6IT) 0|2 Sol| ARRA | EES| ATEQ 0 AX| GlO| oA $=6X|FHO| £=2|A|
A RES =0l5k, BH S Al MR YHE HYUNS Soff YEE AAHOZ =01 Vtsoitt. Ol 5
BHHO| MIE HEO| Hoill sYUR 42| AJMEO| X101 &a| I A& 420 7|0E 2o 2 7|th=ICt.

Abstract

In this study, a novel approach for representing information is introduced to address the
limitations of conventional Geographic Information System (GIS), focusing on precise depiction
of Irrigation Facility through the amalgamation of 3D GIS with Building Information Model (BIM)
concepts. Terrain data, integrated with hydraulic structures information obtained via Unmanned
Aerial Vehicle (UAV) and on-site surveys, facilitate the creation of a digital twin model for the area
receiving benefits. The digital twin model, which includes the hydraulic structures information,
is visualized using a web-based GIS platform. This enables direct, software-independent access
and intuitive interaction with the hydraulic structures models through web browsers, where
clicking on a model reveals its details in a popup window. The approach is anticipated to enhance

the representation of details in agricultural settings and to aid in the effective management and
planning of Irrigation Facility.

Keyword: Irrigation Facility information, GIS, BIM, Digital twin, Web-based GIS platform.
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Improvement of Agricultural Water Pumping Volume Calculation
Method Using Monthly Electric Energy Consumption
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Abstract

In this study, the annual irrigation water pumping volume was calculated using monthly
electric energy consumption for 1,970 pumping stations managed by the Korea Rural
Community Corporation. We proposed an improved method of the Korea Rural Community
Corporation’s existing pumping amount calculation method. Through this method the
pumping amount for 5 years from 2016 to 2020 was obtained and compared with the pumping
amount calculated using the existing method. To examine the reliability of the proposed
method validation was performed by calculating the actual pumping volume of 184 pumping
stations for which detailed operation information exists. As a result of data cleaning to remove
errors and outliers in monthly electric energy consumption, data from April to October, the
irrigation seasons, were used, and the effective data was 77%, 75%, 88%, 88%, and 52% by
year (2016 to 2020). The calculation of the amount of water per unit area showed a five-year
average of 4,143 mm, which is more than twice the supply per unit area of the reservoir,
and it was judged to be supplying a considerable amount of water. As a result of validation
using pumping volume data with detailed information, it is confirmed that the coefficient of
determination (R2) was 0.839, showing the same tendency. RMSLE was 0.32 and MAE was
2,496,509, which suggests that utilization should be considered with caution. The results of
this study are expected to be useful in terms of methodology and reliability when calculating
water pumping volume using monthly electric energy consumption in the future.

Keyword: Pumping station, Water supply calculation, Monthly electric energy consumption,
Water pumping volume
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- [ Data collection } ~.

Main pump station properties Operation record

- Facility coda - The number of _

- Facility name pumps - H P Datz!{vear,monﬂ:; (RAWRIS)

- Location - Pumping = Monthly electricity bill (RAWRIS)

- Branch office @pacmmafmm} = Electric energy consumption (RAWRIS)

= Watershed area = Diametear .

- Power(kW) - Head of 8 pump - Hours of cperation per day (TOMS)
L ] m >
- 25 ( Calculation | ) ~

Calculate monthly pumping amount from electric energy consumption (RAWRIS)

Pumping amount(m?) =
Electric energy consumption(kW-hr) + total pump power(kW) =
total hours of operation(hr) x total pumping capacity(m®/min) x 80(min/hr)

Accumulate pumping amount for each period
(m?*/month, m*/year)

{ Validation

S
<7 ) <7

Comparison pumping amount resulted from
TOMS(hourly) and RAWRIS(monthly) data

= 1 | Flow chart of this study

: AGRR A T OJTZ}g A7 )7t ]:5}tq

S|HZ o] Y2 F8 I HF= A=E skl 3ol A
FRAE 7L Q= Al 2 HHE Q. Shas ol AF T S 3,8027149] rElEH
22 147,983 ha' Se|utet A4 P4 S 176,735 haol 83.7 %ol Kukste] o
B9 Z}A]5k ok (MAFRA, 2019). o] & $=8|H A 0] 30 ha oAl F+3 1,970714S &
A9 i o ® Akl tid el & ol A2 oF 121,851 ha= 7o+
51.8 % FE=ATE =5 HA-2 9F 82.3 %= F-E-S AA| AT
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2. 4+ Nm 3 2 ZA

1) B AR W L ST A

T 4ol Rttt o I AR AEsolEFAIRRE Syl AlY ARe
1,97070 1 F=39] d71 59 kW), 9 (m3/min), S 4] 59 AR Al FE
£ Zbot A YA ARe 20169 7E 202097H4] 5 &<t S EEAIEFE,
ARREE, AREY, E AYAREE (kWh), €9 7Fs AlIZE (), €998 7] 8= (), €2 &
(S 3t ojuf, ¥ G Ame 50| o F4S A= 5= glo] 287
%k (garbage data) 2= F|F5to] AA| Ff Alito] &-&5HA] 2oL unk. AP Fe] 4l
2 A5 FIt ARE A7 IR F7E TRSAIE AR E AhsolE A Al
SR 3E] A]2H] (TOMS, Total Operation Management System) 2 2H-E =25}t
g Ame 71, ARPER 1EokE HYEF AIAES 2853 9lo] AlFd 4 Qe &

42 o

2) &8 A8 AT A= FA

S ABNGY ARE P AR YBATE B AT S A BUE =25
9o S 29 05} ol gAE AASKE HA| 2 (data cleaning)o] AFHolok G,
2 ARG Azl TR P 0F, 2, ol gHE TP itk o]o] £ Ao
A 7129 (record) AT, U2 AHAEHo] 091 AR A0 WASAT. L
715 Ak At 2h) 917 0RE 3,241,0807H4] 2K 0 BAT gro] T EAfstol
AE AHHOR OF7 B F02 WeElo] Ak Il HAstT. AR EOIETA

S e gARE 919t 2 BAWNS AT F LI PLS Atk

3. YA MY U S

1) S5 A B A

B AToIAE BRI ETA Bl 1970704 YY) B8 HANGY AES BE A
3 P APYSIon 712 APy ARt vl msisic. AFsolEBAe] 7IE P4 ALY
o] SRR M MY S P AY ATE =BT S

Al ETALY V12 Pk AP WAL L ABAE KWhYE B45719) 52 (W)
2 o] 7FAIZE () 73 % (mn3/min)sh 8474 60 (min/hyE B3 e
& 7oA ek ofv], UE WAL P4 AAY] AAH|FE Ve groltt 4
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e 19~34Y, 11gd~1280= 28 AHARETFO] 0 A= F5-8 Hl&°] 90% oldol3le.
Bl 7172 v |2 Fede A9 The et e Ale Sl = 13l ol 271
ot 719 483 1080= B4 A= Hl&0] 58~94 4 A= o] Ahl JE= YERge
o, o] A28 Wl A1¥3} F3 ) Holo] 71 Qg A0 Helrh, whehh] 2 Ao T
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| E |
3 3
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5 =
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T2 2 | Data condition after data cleaning
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H 1 | Comparison of irrigation water supply by pumping station (Original and improved)

Year 2016 2017 2018 2019 2020

Method Orig. | Impr. | Orig. | Impr. | Orig. | Impr. | Orig. | Impr. | Orig. | Impr.

P“”‘[ﬁ,'lr;%fg]"“”t 4671 | 4937 | 3.204 | 3,840 | 5845 | 5220 | 4,537 | 4,531 | 2,967 | 3,525

Deviation from

0 0 _ 0 _ 0 0

Orig. data (%) 5.70% 19.85% 10.69% 0.13% 18.82%
Number of 1,242 | 1,520 | 1,186 | 1,471 | 1,520 | 1,723 | 1,661 | 1,724 | 1,462 | 1,015

effective data (63%) | (77%) | (60%) | (75%) | (77%) | (88%) | (84%) | (88%) | (74%) | (52%)

Beneficial area of
effective pump station 91 105 68 94 95 105 108 114 98 113
(1,000ha] (b)

Unitirrigation supply | 5100 | 4703 | 4,689 | 4,064 | 6146 | 4963 | 4202 | 3,973 | 3,012

(mm] (a)/(b) ' ' ' ' ’ ' ' ' ' 3,114
A7 L AEGARE=o] 00] obd FH 7}1% I AL = Sl = ARE 8R4
= (effective data)e} BHEslgo, drd 95159 97 01:_,_7@ o] 2:gH AL o] L}
e lct. 7hAdE B &8 A= 4% 20 6"‘101] FEAEZF 11,5202 76.9%, 20179

= 74.6%, 2018153 87.1%, 201992 87.3% 12|31l 202082 51.5%% YEIHT o= 7]
& AP WAl SFARHT 22 522 50| 8 7psAo] 71E W ETH =2 A

e

Am, AP AR GEAR A5 §E Y4 SR A2 dEHE SU 7
B o2 ol gojaAT

o w2 v|E 3 P KR PRY S ¥
¥ (G2 BTV LA, & AT Aol 199 P2 147 9y g
ZFo.

Z WA= 64.9%, DA 54.1%S 9ots FAo] Fs
: 3 7t A}d zozobﬂoﬂ 3,114mm= 7F
Qo ZHo] A1 7HEo] A 20180l 4,963mmE et 7499 | H

fjo

2

E

2 Q8] Y WS Bo] 4] A Uehton, 53 BYH o L3 A5Ae Bow
A g v mIhA ] B FS T AL BAT S Uik
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A AHAEF ARE B3] AP Frdol ol A AR =g 7R AS511 A3l
TOMS®| F718 =9 AH=E B8 343 vlas MAE, RMSLE, R2E APg8IAT (& 2).

= 2 | Validation indices of this study

Index RMSLE MAE R?

value 0.32 2,496,509 0.839

d DA A AT Fr d
7k A5t EARHE 184 5| B
15} HTFS 7R AL gold 4= 919

AN ot ] v E A T 7

TOMSOIA 7FAL 20199k 8 F57 47 &9
17t
S A3k ZAASE 0.8397 =4 YER} 52

A= T
th. MAE+= 2,496,509m°] 1.2 # RMSLE g2 0.322 Wehd 22 geld 4= QUSIct. wehA
3 Q0] e 41 27 3k 9 2K 7} A Hghe o] Folok F Aotk
Validation graph (184 pumpint station)
250
200

R = 0,830 .

g

g

= Pumping amount

b3

Yearly pumplng amaunt by monthly slectric energy consumption (Mm?)

L1} 50 10 150 200 250
Yearly pumping amount by TOMS{Mm?*]

T2l 3 | Validation result of this study
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Sk FHO8 435 B2 o Suchs A2 & WHEnh
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< 7155 Q= 1847 IS o2 ASS ottt A5 23 28 745= 0.839% =
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Abstract

The food demand is increasing with population growth, and climate crisis presents that disasters
and climate variability due to climate change will increase in the future. To solve food security, such
as the stability of food supply, concerns about the environmental load in the agricultural sector are
increasing due to the high input farming method focused on productivity increase. Accordingly,
in order to reduce environmental load and sustain the agricultural environment, activities such
as AECP (Agricultural Environment Conservation Program), which proposes crop cultivation
activities in the field of soil, water, atmosphere, are being implemented. In addition, the demand
and importance of water and energy resources, which are important in the agricultural sector, are
increasing, and each resource affects other resources, and the relationship between resources
is affected by external environmental conditions. Therefore, it is essential to analyze the inter-
connections and trade-offs/synergy between nexus elements, including agricultural resources,
carbon emissions and water quality, by applying the Nexus concept. Crop cultivation activities such
as irrigation, fertilization, tillage, and conservation practices have a significant impact on water,
energy, food resources, carbon emissions, and water quality. Furthermore, the nexus elements
affected by crop cultivation activity are different, and the influence of external conditions and crop
cultivation activities could act simultaneously. For the impact evaluation of crop cultivation activities,
it is necessary to establish a water-energy-food-carbon-water quality nexus, and a comprehensive
analysis between nexus elements under the crop cultivation activity scenario is required. Therefore,
this study conducted a linkage analysis according to the crop cultivation activity scenario.
Crop cultivation activity scenarios included water management, fertilizer management, tillage
management, conservation practices, performed in paddy and upland.The water-energy-food-
carbon-water quality nexus was configured to derive standardized values for each nexus element,
including agricultural resources, carbon and water quality elements, and was linked to nexus
elements that change according to the crop cultivation activity scenarios. The APEX/APEX-Paddy
model was used to simulate the nexus elements. Besides, statistical data and national greenhouse
gas emission factors were collected to simulate energy use and carbon emissions. Accordingly,
the water-food-energy-carbon-water quality nexus under the crop cultivation activity scenario was
constructed, defining the relationship between nexus elements, and the results of nexus elements
were simulated. Finally, the evaluation for resource management and sustainable use is performed
using nexus elements integration index by applying the weight for each nexus element. This study is
expected to be used as a policy decision-making tool for applying various crop cultivation activities
to efficiently use limited resources and reduce environmental load and carbon emissions.

Keyword: Water-energy-food-carbon-water quality nexus; Crop cultivation activity; Resources
footprint; APEX model; System dynamics; Nexus elements integration index
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I. Introduction

Due to the population growth, the food demand is increasing, and concerns about the
environmental load in the agricultural sector are also rising. As the need to introduce policy
support measures to prevent environmental problems caused by agricultural activities
is increasing, since 2018, the Ministry of Agriculture, Food and Rural Affairs has been
implementing the AECP (Agricultural Environment Conservation Program) to preserve and
improve the agricultural environment through regional management measures. In addition, the
demand and importance of water and energy resources, which are essential in the agricultural
sector, are increasing, and each resource affects other resources, and the relationship between
resources is affected by external environmental conditions. Therefore, it is essential to analyze
the inter-connections and trade-offs/synergy between nexus elements, including agricultural
resources, carbon emissions and water quality, by applying the Nexus concept. Cultivation
activities such as irrigation, fertilization, tillage, and conservation practices of AECP have a
significant impact on water, energy, food resources, carbon emissions, and water quality. In
addition, the nexus elements affected by cultivation activity are different, and the influence of
external conditions and cultivation activities could act simultaneously. For the impact evaluation
of cultivation activities, it is necessary to establish a water-energy-food-carbon-water quality
nexus, and a comprehensive analysis between nexus elements under the cultivation activity
scenario is required. Therefore, this study included conducting a linkage analysis according to
the cultivation activity scenario using integrated system dynamics. Cultivation activity scenarios
consisted of water management, fertilizer management, tillage management, conservation
practices, and other activities, and each part included related cultivation activities mainly
performed in paddy and open-field.

II. Materials and Methods

1. AECP (Agricultural Environment Conservation Program) and study area
of AECP

AECP (Agricultural Environment Conservation Program) is consists of several parts, soil,
water, atmosphere, landscape and life, heritage and ecology parts. The purpose of the soil part
is ‘nutrient management/ soil erosion prevention’ and the purpose of the water part is ‘water
quality improvement and agricultural water conservation’, the purpose of the atmosphere part is
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‘greenhouse gas reduction’. In addition, AECP is divided two parts, individual activities and joint
activities. Cultivation activity scenarios using AECP consisted of water management, fertilizer
management, tillage management, conservation practices, and other activities, and each part
included related cultivation activities mainly performed in paddy and open-field. The study area
is Mundang-ri, Dosan 2-ri village located in Hongseung-gun, Chungcheong nam-do, one of the
villages participating in the AECP project. Table 1 shows the participation status about some of
the agricultural activities by parts of the AECP.

Table 1 | AECP participation status in Hongseung-gun

Part Activities Period |Participants| Areas
(month) | (person) (a)
Soil 1-2 Using of slow-release fertilizers 4-5 1 86.4
Soil 2-1 fFiQSLtéJSrmng agricultural by-products topaddy, 10-11 84 7075.6
. Cultivation of green manure crops and soil B
Soil 2-2 return during fallow period 11-12 36 1,625
Soil 3-1 Covering sloping field with rice straw - - -
Ecology 1-1 Preventing pests as natural enemies 5-10 2 185.3
Ecology 1-2 Get rid of weeds without herbicides 5-10 67 2641.4
Atmosphere 1-1| Minimizing tillage 4-5 43 2806.5
Atmosphere 2-1 Using microbial agents to reduce livestock 412 6 231
odors
Controlling drainage levee and agricultural ) ) )
i 2ol water management
Total - 241 14,559

2. APEX and APEX-Paddy model

The model used in this study was the APEX model, the Agricultural Policy Environmental
eXtender (APEX), and it is a whole farm/small watershed management simulation tool.
Using APEX model, evaluation about impacts of agricultural activities on the soil and water
environment and crop growth could be conducted considering climate, irrigation method, CO2
concentration, agricultural activities (tillage, fertilization, pesticides, BMPs) and conservation
practices. APEX-Paddy model adds a flooding condition algorithm to the APEX model to

6L AA

o
it

3}

e



simulate paddy environmental conditions. As shown in the figure 1, this model follows the
APEX model algorithm under non-flooding conditions and APEX-Paddy model under flooding
conditions, it could simulate water balance in flooding conditions, puddling period and
transplanting method.

The study period is 40 years, from 1981 to 2020, and study crops are soybean and cabbage for
fields and paddy-rice for paddy. Input data of the APEX model are site information, weather
data, soil data, cropping schedule data and crop parameter, operation and fertilizer information.
Weather station of Honseung is No.235, and soil series is GEUMGOG (No.110, soybean),
CHOGYE (No.52, cabbage), MANGYEONG (No.230, paddy-rice).
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Figure 1 | Algorithm of APEX/APEX-Paddy model

3. Scenarios of water management activities (Case study)
(Controlling drainage levee and agricultural water management (irrigation))

The purpose of water management activities is reducing nutrient outflow and saving
agricultural water and the activities 2-1 is ‘controlling drainage levee and agricultural water
management’ in AECP. In addition, 8 scenarios were applied, and the height of drainage levee
was adjusted to 80mm and 120 mm, 2 cases (Table 2). The irrigation method consisted of
continuous flooding, midseason drainage, shallow flooding and multiple flooding (30 days
continuous flooding + shallow flooding) according to the ponding and trigger depth, as shown
in the Table 2 and Figure 2.
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Table 2 | Scenarios of water management activities (Controlling drainage levee and agricultural
water management (Irrigation))

s . Controlling Irrigation method
cenario - .
drainage levee (agricultural water management)
CF_8 Conventional (80mm) Continuous flooding Ponding depth: 80mm
CF_12 Control (120mm) (1) Continuous flooding Trigger depth: 20mm
MD_8 Conventional (80mm) Midsummer drainage Ponding depth: 80mm
MD_12 Control (120mm) (1) Midsummer drainage Trigger depth: 20mm
SF_8 Conventional (80mm) Shallow flooding Ponding depth: 40mm
Irrigation interval for drying
SF_12 Control (120mm) (1) Shallow flooding paddy: 10 days
. Multiple flooding
CSF_8 Conventional (80mm)
(30 days CF + SF] Continuous flooding (30days)
. . Shallow flooding method
Multiple flooding *
CSF_12 | Control (120mm) (1) (30 days CF + SF)
80 - —— s ' —
20-1---
{Continuous flooding. CF» {Mids
40- ,” ---------------------------- B T T
= . :1'_: £
{Shallow flocding. SF} {Continuous + Shallow flooding, CSF)

Figure 2 | Irrigation method scenarios of water management activities (Controlling drainage levee
and agricultural water management (Irrigation))
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III. Results and discussions

1. Results for Water-Energy-Food-Carbon-Water quality Nexus (Case study)

The nexus elements (Water, Energy, Food, Carbon, Water quality) results for W-E-F-C-WQ
Nexus (Water-Energy-Food-Carbon-Water quality Nexus) were simulated under scenarios of

water management activities (Table 3, Figure 3).

Table 3 | Results for W-E-F-C-WQ Nexus under scenarios of water management activities

Food Water Energy Carbon Water quality
Scenarios (F) w) (E) (c (wa)
(ton/ha) (mm) (GJ) (tCO2eq) (kg/ha)
CF_8 5.79 748.1 16.06 9.19 20.93
MD_8 5.63 760.6 21.00 8.59 20.15
SF_8 6.14 453.3 20.05 5.98 20.52
CSF_8 5.80 535.3 15.79 6.67 18.57
CF_12 5.71 672.4 14.82 9.03 17.01
MD_12 5.53 694.5 19.92 8.45 17.99
SF_12 6.01 421.6 19.53 5.91 18.60
CSF_12 5.70 496.4 15.16 6.59 16.76
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Figure 3 | Results for W-E-F-C-WQ Nexus under scenarios of water management
activities (Case study)
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2. Index results for Water-Energy-Food-Carbon-Water quality Nexus under

scenarios of water management activities (Case study)

The nexus elements results were standardized for comparison between scenarios and presented

as follows (Figure 4). The standardization method used the maximum-minimum method.

CE 8

F
Lo

08
o6

W b

1.0

08

06
wo '
o E

CSF 8

1.0
05
&
woQ .
C E

w wWQ

CF_12

Lo
83
é

W,

-
-

MD 12

[ K1)
08
b

w wo W

¥,

-
Mm

SF 12

L0

(2X ]

W wo w

N

-

CSF_12

Lo
0%
0

w wQ - w

C E

Figure 4 | Index results for W-E-F-C-WQ Nexus under scenarios of water management
activities (Case study)
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3. Water-Energy-Food-Carbon-Water quality Nexus system under
agricultural cultivation activities

Agricultural cultivation activities such as irrigation, fertilization, tillage, and conservation
practices of AECP have a significant impact on water, energy, food resources, carbon emissions,
and water quality. In addition, the nexus elements affected by cultivation activity are different,
and the influence of external conditions and cultivation activities could act simultaneously.
Therefore, the Water-Energy- Food-Carbon-Water quality Nexus system under agricultural
cultivation activities was defined as follow (Figure 5) using integrated system dynamics.
Cultivation activity scenarios consisted of water management, fertilizer management, tillage
management, conservation practices, and other activities, and each part included related
cultivation activities mainly performed in paddy and open-field. In the future study, as in the case
study above, nexus elements under agricultural cultivation activities would be simulated, and
the relationship between cultivation activities and agricultural resources would be analyzed and

quantified.
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- (m3ha) \
(M1) Water — ~. \'. N
s RN
IIII-. ) 1%&? - y “z" N I] 1"\|l x\".,
\ T Wader (m3) h . e Water fo0tpei
\ L — “‘m\\ ' T o s
i#2) Fertilizer Energy for food ' Vi .
Mg EnEnt (Fucls, GIha) \ A ,.' \
\< _\"“'\-\.._\_\_ — / -\""\-\.\_\_H- Food {|U-I1:|" - ||||
-,7 Energy for food / ———? T Energy footprine
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(L] el e f
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Figure 5 | W-E-F-C-WQ Nexus system under agricultural cultivation activities (Example)
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IV. Conclusions

The purpose of this study is analyzing the inter-connections and trade-offs/synergy between
nexus elements, including agricultural resources (water, energy, food), carbon emissions and
water quality, by applying the Nexus concept. Therefore, the basic data about agricultural
resources and selected pilot sites were collected, and scenarios of agricultural cultivation
activities were constructed. In addition, the Water-Energy-Food-Carbon-Water quality Nexus
under agricultural cultivation activities was defined. Nexus analysis is carried out by evaluating
resource use and environmental impacts under cultivation activities and comparing between
the standardization results of scenarios. In the future, it would be quantified trade-off/synergy
between nexus elements by applying the weight for each element in consideration of resource

limits, environmental impact, and economic factors.
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Abstract

Runoff is a crucial factor in agricultural water resource planning and management. Runoff
affects many parts of flood control, conservation of water resources, and management of
pollution in the hydrological field. So it is vital to determine the temporal and spatial distribution
of water resources according to the rainfall-runoff process. However, the rainfall-runoff
process has non-linearity and is hard to analyze because it is affected by complicated relations
between weather conditions and various watershed components, including soil properties,
vegetation, land use, and the shape of the watershed. So, The rainfall-runoff analysis is
challenging to model and requires lots of time and effort to calibrate model parameters.

The TANK model is a conceptual rainfall-runoff model that Sugawara (1972) developed, which
assumes a watershed as three or four stages of tanks and analyses the rainfall-runoff process
of the watershed with optimized model parameters. The TANK model is more straightforward
and requires fewer input parameters than the other rainfall-runoff models. It has advantages
that can be utilized under lacking observation data of a watershed because the necessary
input data and parameters are fewer than in other models. But it shows fewer reliabilities
for a watershed where parameters are not estimated. In Korea, the modified 3-TANK model
was suggested by Kim and Park (1988), which is used for analyzing runoff of the upstream
watershed of the agricultural reservoir. The modified 3-TANK model has three tanks and four
discharge outlets. Kim and Park (1988) also suggested regression equations to calculate the
parameters of the model with watershed and land use area. It is also included in HOMWRS
(Hydrological Operation Model for Water Resources System), which is widely utilized for
practices in Korea. However, it also has limitations because the model is suggested for
small watersheds, and there is a difference in land use from when the parameter regression
equations were developed.

ANN (Artificial Neural Network] is a computation model imitating the human brain, known as
a proper model to analyze non-linearity, including hydrological and natural. There is much
research utilizing ANN, and it becomes more due to the amount of stored measuring data and
advancement in computer power. Many studies in the hydrological field tried to improve the
performance of estimating runoff using ANN and combining ANN and other machine learning
or hydrological models. Therefore, in this study, estimation of runoff utilizing the modified
3-TANK model and combined ANN and 3-TANK model were conducted to improve model
performance and reliabilities. The combined ANN model consisted of a 3-layer simple neural
network using ReLU (Rectified Linear Unit) function for the activation function. The weather
conditions and the results of the modified 3-TANK model were utilized as input data for the
ANN model. The combined model's performances were compared to the current modified
3-TANK model and measuring runoff data.

Keyword: Runoff; Rainfall-runoff analysis; TANK model; Artificial neural network
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I. Introduction

Runoff is the crucial factor for hydrological analysis to manage water resources (Ahn et
al., 2002). Hydrological analysis of runoff is divided into long-term runoff analysis and
flood analysis. Especially, long-term runoff, continuous hydrological event, is used for a
determination of reservoir capacity, using irrigation water for multipurpose, development and

management of water resources and establishment of water resource plans (Yoon et al., 1998).

The reaction of the watershed, which is the unit of water resources production, causes runoff.
To interpret and predict these rainfall-runoff phenomena, deep understanding of the rainfall-
runoff process should be necessary. But because the watershed, which is the connector of
the rainfall-runoff process, is made up of complex characteristic factors such as topography,
vegetation, land use, soil, and weather condition, the watershed induces a non-linear change.
The existing linear models have disregarded interpretation of non-linear data in the past, but
it can be possible because of advances in computation recently (Oh et al., 2008). The artificial
neural network (ANN), which imitates the calculation process of human (Lee and Park, 2003),
can model natural phenomena that have a non-linear characteristic such as meteorological or
hydrological event. Because of these features, the ANN models are utilized in many realms of
water resources and environment, rainfall-runoff interpretation, rainfall distribution, drought,
groundwater flow (Choi and Kang, 2000).

TANK model is conceptual rainfall-runoff model, it assumes three to four conceptual
reservoirs with two to three outlets and optimizes related parameters to perform runoff
analysis on the watershed. In Korea, Kim and Park (1988) suggested a modified three-stage
TANK model using three tanks and four outlet holes according to the characteristics of the
upstream watershed of the agricultural reservoir (Kim and Kim, 2012; Ahn et al., 2015).
The modified 3-stage TANK model is easy to use because it uses the land use area ratio to
estimate parameters. However, it is challenging to apply to large watersheds because it is
targeted at small watersheds. It is also less accurate because it doesn't adjust parameters for

each subwatershed.

Therefore, in this study, we combined the TANK model and ANN to calibrate the results of
the TANK model. The runoff amount estimated by the TANK model was applied as training
data for the ANN, and it was compared with the ANN trained with rainfall and prior runoff

amount.

Korean National Committee on Irrigation and Drainage 73

H

PO IR o—0— >N




II. Materials and Methods

1. Artificail Neural Network (ANN)

The ANN model, which simplifies the neuron and synapse of the human brain, is the
computational model, made up of simple operators combinations. The ANN model can solve the
problem only with given data, even if there's no algorithm or direct solving method (Yeo et al.,
2010). Also, ANN models are valuable for modeling complex non-linear and multi-dimension
In-Out relation.

The processing nodes, which are arranged on each layer, are the fundamental components of the
ANN model. The outputs of the nodes from a layer deliver to nodes of the next layer through
connection strength (Ryu et al., 2002). Multi-layer perceptron (MLP), which is the typical
structure of ANN models, is consist of more than three layers mostly (Seo et al., 2017). The
layer where information are entered called the input layer and the layer on which processed
information appears called the output layer and all of the layer between the input layer and output
layer called the hidden layer. The hidden layers can be many depending on the structure of the
ANN model (Atkinson and Tatnall, 1997). MLP with hidden nodes, which is consist of three
layers, performs the same operation as following equation.

) 6]

o(x)= f(w0+ Z]]wj . f(“hf" i}wijwi
:f(w0+ X])wj . f(woj—l-W]-TX))

J=1

where x={x,, i=1, 2, ---, n}: input vector, f: activation function, o(x): output vector, w,: bias
for output nodes, w;: connection strength,w;={w;, i=1, 2, ---, n}: connection strength vector
of j" hidden node, w;: bias for j" hidden node (Giinther and Fritsch, 2010). Figure 1 is the
general structure of MLP which has No. of n; input nodes, n, hidden nodes, and n, output
nodes.
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Figure 1 | General structure of multi-layer perceptron

2. TANK model

TANK model, which is developed by Sugawara, is a conceptual rainfall-runoff model (Sugawara,
1972). TANK model has a respectively simple algorithm for interpretation of complex rainfall-
runoff phenomena and needs input data and parameters which is a lesser number (Koo et al.,
2006). TANK model is consist of three or four conceptual tanks, and each tank has two or three
discharge outlet. TANK model assumes the watershed as three or four stages of tanks, and carry
out the runoff interpretation of watershed by optimizing parameters. TANK model simulates
rainfall, evapotranspiration and surface runoff in the upper tank, and simulates interflow and
infiltration conceptually by water transfer between each tank. TANK model has advantages
that can be applied to watershed lacking in observational data because necessary input data
and parameters for runoff interpretation are few, but it cannot ensure runoff interpretation for a
watershed where parameters are not estimated (Kim and Kim, 2012).

In Korea Kim and Park (1988) suggested a modified 3-TANK model, which has three tanks and
four discharge outlet, for upper stream watershed of the agricultural reservoir of Korea. In this
study, the modified 3-TANK model is used for the estimation of runoff. The parameters of the
TANK model are calculated according to the regression equations suggested by Kim and Park
(1988). The modified 3-TANK model estimate runoff according to the following equations.
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n m

Q= E Z (S];,t - hij)%‘ (2)

i=1=1

where Q;: total runoff on day t (mm), i: No. of tanks, j: No. of discharge outlet, ST, : storage

water level of i" tank according to unit time t (mm), h;: height of j* discharge outlet in i" tank

ij*

(mm), a;;: coefficient of j" discharge outlet in i" tank
ST, =5T, +tR—FEL,—1,-Q, G3)
STy =581, Ly LGy “)

Where R;: precipitation on day t (mm), ET,: evapotranspiration on day t (mm), Q;: discharge
of i" tank on day t (mm), I, : infiltration of i" tank on day t (mm)

&= (STL'.,t _h)ij)x%‘ (%)

L, =81, xb, (6)

Where b;: infiltration coefficient of tank i" (Ahn et al., 2015)

Evapotranspiration
4 Rainfall
— W
L LT Tz
Tank [ 5Ty iz [ ay I
)
v gy
1,1
! by

Tank 11 ST, i B B

Tank I 5Ty

lﬁ; 11! r

Q

Figure 2 | Schema of the modified 3-TANK model(Kim and Park, 1988; Song, 2017)
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III. Results and discussions

In this study, TANK model and ANN model were applried for Okdong watershed. The runoff
data estimated by TANK model were utilized as input data of TANK-ANN model. Table 1 and 2

are the statistical parameters for each model.

Table 1 | Statistical parameters of ANN model result

Watershed Case R? RMSE (m®/s) MAE (m®/s)
1 0.417 20.271 8.798
2 0.445 19.765 8.019
3 0.427 20.081 8.000
HERIE 4 0.410 20.427 8.122
5 0.502 22.785 10.129
6 0.239 23.336 9.937
Table 2 | Statistical parameters of TANK-ANN model result
Watershed Case R? RMSE (m®/s) MAE (m®/s)
1 0.441 19.851 8.357
2 0.431 19.977 8.134
3 0.245 23.308 10.896
4 0.477 19.162 6.888
Okdong 5 0.453 19.679 7.283
6 0.429 20.022 6.693
7 0.542 17.933 6.604
8 0.450 19.759 7.340
9 0.468 19.442 9.937

TThe cases are categorized according to the inputs to the ANN model, with each case being a

combination of rainfall and antecedent runoff or a combination of rainfall and TANK model

results. The target data used in this study is a relatively small number of flow rates measured at

6-8 day intervals since August 2004, and there is no information on the antecedent runoff in the

immediate past. As a result, the model's performance was rather low, and there was no significant

difference based on the combination of inputs. Figure 3 shows a scatter plot of the observed flow

versus the model results.
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Figure 2 | Schema of the modified 3-TANK model(Kim and Park, 1988; Song, 2017)
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Figure 2 | Schema of the modified 3-TANK model(Kim and Park, 1988; Song, 2017)

In Fig. 3 (a) and (b), the results of estimating high flows according to the input data are slightly
different. However, it can be seen that the low flows in the scatterplot are clustered when the
antecedent runoff is included as input data. Fig. 3 (c), (d) show denser scatter plots compared
to (a) as a result of replacing the antecedent runoff portion of the input with the results of
the TANK model, applying the direct antecedent runoff as the input instead of the 6-8 day
antecedent runoff. Each neural network model was inferior in its ability to estimate the high-
flow part due to insufficient data and the lack of high-flow events in the flow measurement
results at 6 to 8 days intervals. However, the results were improved to some extent by
introducing data from the TANK model as input data. In addition, it was confirmed that the
trend of runoff was reflected in Fig. 4, and it is considered that there is room to improve the
performance by configuring the model to reflect the runoff characteristics of the basin in
addition to the TANK model.
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Figure 4 | Time series graph of case 7 (TANK-ANN model)

IV. Conclusions

In this study, the ANN model and TANK-ANN model were applied to estimate runoff in -
Okdong watershed. The results of each model showed somewhat lower performance, which
may be due to the lack of training data measured at 6-8 day intervals. In addition, due to the
lack of high-flow events, the ability to estimate high-flow was somewhat reduced. However,
the TANK model was applied to confirm the possibility of replacing the antecedent flow data.
As a result, it was found that the model's performance was improved when the input data
included observed antecedent flow or the TANK model's flow than when only rainfall data was
applied as input data. Nevertheless, the performance improvement was insignificant because
the accuracy of the runoff analysis results of the TANK model needs to be higher. However,
there is room for improvement by introducing additional factors other than rainfall as input —
data or changing the structure of the model.
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Monitoring and Evaluation Measures for
Effective KRC’s ODA Projects
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Abstract

In this study, methods of monitoring and evaluation were presented, in order to help
implementing ODA projects for Korea's rural development, which have been noted from
many developed and developing countries. For this purpose, project performance indicators
were derived and sample survey forms for measuring the indicators were suggested, by
considering the characteristics of performance-oriented monitoring and evaluation and KRC’s
projects. Moreover, some monitoring and evaluation measures were presented such as (O the
establishment of M&E implementation system, @ the maintenance of flexibility in selecting
survey respondents, ® pursuing for innovation and performance extension perspectives, @
utilization of participatory approach.

Keyword: monitoring and evaluation, M&E, PME, KRC, rural development, Korea
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