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Grid Network Analysis for Distributed Rainfall-Runoff Modelling
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Abstract

It needs to conceptualize watershed with triangular or rectangular elements and to analyze the
changes in hydrological components of each element for distributed modeling of rainfall-runoff process.
This study is the network analysis of watershed grid for flow routing occurred in each element when
analyzing rainfall-runoff process by one-dimensional kinematic wave equation. Single flow direction
from D8-method(deterministic eight-neighbors method) is used, and the information of flow direction
and flow accumulation are used to determine the computation order of each element. The application
theory of finite volume method is suggested for each flow direction pattern between elements, and it
is applied it to calculate the flow of each grid. Network analysis method from this study is applied to
GRM(Grid based Rainfall-runoff Model) which is physically based distributed rainfall-runoff model,
and the results from simplified hypothetical watersheds are compared with VﬂoTM to examine the
reasonability of the method. It is applied to Jungrangcheon watershed in Han river for verification,
and examination of the applicability to real site. The results from Jungrangcheon watershed show
good agreement with measured hydrographs, and the application of the network analysis method to

real site is proper.
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Table 1. Flow Information for Grid Networking

1 2 3 4 5 . Neighboring . Neighboring
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\\ | Count ID ’ Count ID ’
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1 12 _, 13 14 1 4 0 0 17 0 0
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Table 2. Grid Ordering for Kinematic Wave Solution

Computation | Grid Neighboring Computation | Grid Neighboring Computation | Grid Neighboring
order ID | upstream grid ID order D upstream grid ID order ID | upstream grid ID
1 1 - 10 16 - 19 22 16, 21
2 2 - 11 17 - 20 8 2, 3
3 4 - 12 20 - 21 7 1, 6, 11
4 5 - 13 21 - 22 23 18, 22
5 6 - 14 3 4 23 13 7,8, 9, 12
6 10 - 15 9 5 24 19 13, 14, 15
7 11 - 16 15 10 25 24 19, 23, 25
8 12 - 17 18 17
9 14 - 18 25 20
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Table 3. Hypothetical Watersheds and Rainfall

Name Type 1 Type 2 Type3
Ve
A ERRAE
Flow type | |—|—|— Sy = ====
N | e
. 21x20
Grid count 20 (rowxcolumn)
Grid size 100m>100m
Slope 0.001
Roughness
coefficient 0.015
Flow type Overland flow
Infiltration No infiltration
Rainfall
intensity 30mm/h
Rainfall
duration 1 hours
Comp. time
e 180 sec
BEKEREEHE
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soil texture

Agricultural Science and
Technology(1992)

Input data Description Data source Grid size
DEM Preprocessed by HyGIS 1/25,000 digital map
Flow direction | From HyGIS using D-8 method Preprocessed DEM
Lfltovs . From HyGIS Flow direction grid layer
accumulation
IS & i . .
Stream From HyG S applying flow Flow accumulation grid layer
accumulation 24
Slope From HyGIS using D-8 method Preprocessed DEM
Classified by National Institute of Detailed soil map from National 100m>100m
Green—-Ampt

Institute of Agricultural Science

and Technology

Classified by National Institute of

Detailed soil map from National

Soil depth Agricultural Science and Institute of Agricultural Science
Technology(1992) and Technology
Land cover Classified by 7 classes Land cover map from Ministry

of Environment

Table 5. Rainfall Events

Event number Rainfall period Total rainfall(mm) Time interval(min)
Event 1 2003/05/07/10:00 - 05/07/21:30 85.85 30
Event 2 2003/07/22/01:30 - 07/23/07:30 197.74 30
Event 3 2003/08/06/23:30 — 08/07/07:00 71.06 30
Event 4 2003/09/18/04:00 - 09/19/00:00 148.24 30
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Fig. 11. Before Calibration — Event 3 Fig. 12. After Calibration — Event 3
Table 6. Simulation Results(Event 3)
Com. | o ; Parameters Total discharge Peak Discharge Peak time
Event time im | Running
duration | time " Dry | Channel ] Rel. : Rel. ] Rel.
number o Initial S Obs. Sim. Obs. | Sim.
(Ht]?np) (hour) | (sec) | saturation S(t)rrgilrn roigolglflff.:ss (I];% e(Ior/s))r (m/s) | (m/s) e(I;((}))r (hour) | (hour) e(I;r/l()))r
ca%gfa)gion 3 35 67 0 0 0.04 4,069 5,252 29.1 | 413.7 | 720.0 | 740 | 45 | 45 0
calli?afrtaeéon 3 35 69 0.22 2 0.04 4,069 3,509 137 | 413.7 | 4188 | 1.2 | 45 5 11.1
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Table 7. Simulation Results(Event 1, Event 2, Event 4)

Parameters Total discharge Peak Discharge Peak time
Com. Sim. | Running
Event |.. ; .
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number . tial Obg. SII?. Obs. Sim. Obs. | Sim.
(min) | (hour) | (sec) . | stream | roughness error 3 erTor erTor
min, our, se) -V saturation | * O | coeft (m’) () %) (m’/s) | (m/s) %) (hour) | (hour) %)
Event 1 35 71 0 2 0.04 3,261 3,099 5.0 1685 | 170.7 1.3 8 85 6.3
Event 2 50 110 0 2 0.04 13,714 | 13816 | 0.7 | 6496 | 7524 | 158 | 235|235 0
Event 4 47 99 0 0 0.04 10,608 | 11,747 | 10.7 | 7285 | 7250 | 05 | 12 | 115| 43
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