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The Use of geographic information system for
planning rural water resources systems
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ABSTRACT: Rural water resources systems may be largely constituted by two
parts. One is rural water supply systems such as reservoirs, wells, pumping
stations. The other is rural water demand systems which include municipal water,
irrigation water, industrial water, livestocks water, inland fisheries water and envir—-
onmental water in rural areas. planning to develop rural water resources systems is
a very hard task because of their complicated factors and the large number of
spatial data to investigate and manipulate. A Geographic Information System(GIS)
will be a powerful and efficient tool to handle the spatial data and to plan the land
use. All data can be efficiently maintained and easily updated. This paper refers to
the construction of a GIS for planning rural water resources systems applied to
Kokseong County, Cheonnam Province, Republic of Korea. The Geographic Informa-
tion was constituted by 4 layers of base map and 11 layers of thematic map.
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INTRODUCTION

Recently, the interest of developing
rural areas in the Republic of Korea is
inspired by the economic unbalance
between urban areas and rural areas.
The main purposes are to improve the
agricultural structure and environment
of rural areas which can be achieved
by farm mechanization, expansion of
social welfare facilities, development or
reinforcement of rural water supply
systems and proper land use planning.
For the above purposes, the govemment
of the Republic of Korea visualized a
large scale project that is to plan and
develop reasonable rural water resources
systems.

Rural water resources systems here
have an integrated meaning which include
both rural water supply systems such
as reservoirs, wells, pumping stations
and rural water demand systems such
as municipal water for improving settl-

ement environment, irrigation water for
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paddy rice, upland crops, fruit tree, in-
dustrial water for the opportunity of
Increasing agricultural income, livestock
water, inland fisheries water, environ-
mental water for conservation rural
areas.

Field investigation and collection of
statistical data for the subject areas are
essential for planning rural water reso-
urces systems. The investigators collect
their opinions and then plan new
reservoir sites, hydraulic facilities, land
use with their own experiences. The
effort of preparation and handling data
in the planning process are very exte-
nsive. The supporting data are usually
difficult to keep and change in map
form. Also, the ideas of investigator
have a risk whether it is reasonable or
not.

A Geographic Information System
(GIS) will solve the above problems.
The vast topographic data can be
maintained and managed efficiently and
the planned data such as farm land

consolidation area, hydraulic facility and
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water demand sites will be provided
and updated easily for each purposes.
Also, the GIS can be utilized for many
planning purposes such as proper land
use classification, proper decision of
reservoir sites, and route alignment of

irrigation or drainage channels.

CONSTRUCTION OF GIS

GIS is briefly described as a compu-
ter system capable of holding and using
catographic data describing places on
the earth’s surface. It should be desig-
ned to efficiently capture, store, update,
manipulate, analyse and display all forms
of geographically referenced information.

In the 1980s, with the cumulated
experiences of GIS and the advanced
hardware and software techniques, the
topologic relation can be loaded to a
vector data. The function of geographic
network

traffic
path and map overlay computation.

Fundamental factors of GIS are data,
hardware, software. The data, main
structure of RWRIS (Rural Water
Resources Information Systems), were

entity  relation  improved

analysis, searching of optimal

constructed by 4 layers of base map
data and 11
map with the

related to topographical
layers of thematic

investigated planning data of rural

water resources systems. The layers of
base map are contour, administration
boundary, stream and road. The layers
of thematic map are constituted by
rural water demand boundary, reservoir
watershed boundary, irrigation area,
farmland consolidation area, drainage
improvement area, site of reservoirs,
diversions, pumping stations, pumping
wells, pipelines of municipal water
supply, livestock farms, industrial parks,
inland fish farms. Table 1

content of each layer and Table 2

shows the

shows the attribute code of each layers
respectively.

Each layer was classified to maintain
efficiently and update easily by the
following criteria :
1. similar attribute data,
2. unique position,
3. protection of layer removal by the
change of attribute data,
4. feasibility of attribute data conver-
sion,
5. accomplishment of map data into
polygon, line or point.

Hardware system was constructed as
shown in Fig. 1. and software, ARC/
INFO was used. Data input process
used was shown in Fig. 2. Line and
polygon data were obtained by vectori-
zation and point data were obtained by

digitization.
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The structure of RWRIS layers

Layer no. Layer description Feature class

i contour line

2 administration boundary polygon

3 stream line

4 road line

5 rural water demand {(district) boundary polygon

6 reservoir watershed boundary polygon

7 irrigation area polygon

8 farmland consoljdation area polygon

9 drainage improvement area polygon

10 reservoir sites point
(constructed, planned, reinforced, feasible)

1" pumping stations point
(constructed, planned, reinforced, feasible)

12 diversions point
(constructed, planned. reinforced, feasible)

13 pumping wells point
(constructed. planned, reinforced, feasible)

14 pipelines of municipal water supply line

15 complex {livestock farms, inland fish fares | point
industrial cosplex, vastewater treatment
treatment plants 1‘

Table 2 Attribute code of each layers

Layer description| [teas Description
contour level contour elevation (vertically 20 m space)
administration acode administration code (polygon centroid)
boundary linec boundary type 1 : provincial boundary
2 : city, county boundary
3 ¢ local adm. boundary
4 : sub-local adm. boundary
— 5 : coast line
1f the boundaries are overlaped, high level of
the boundary has the priority.
strean name strean name
order stream order
nain code for generating longitudinal section
of strean
raad road_no | road identification number
pave pavenent status
rack track nusber
district boundary|region.id| district identification nusber
reservoir resr_id | reservoir serial nusber in district
watershed old_new | option for developement 1. constructed
boundary 2. planned
3. reinforced
4. feasible
linec sane with the old.new itea
If the line attributes are overlaped, high
level of the line attribute has the priority.
irrigation area old_new | same with old_new item of reservoir watershed
class paddy (1) ard upland (2}
“ linec sane with linec iten of reservoir watershed.
‘turnland consol- | old.new | same with 0ld new item of reservoir watershed
| idation area linec same with linec item of reservoir watershed
drainage sane with nll iteas of farmland consolidation
isprovement area area
reservoir site except for linec, all iteas are sane with
faraland consolidation area.
punping station punp_id | punping station gerial number in distict
o)d_new | same with 0ld_new item of reservoir watershed.
diversion ddan_id | diversion serial nusber in district
old_new | same with old_new item of reservoir watershed.

=
- UNE

- Z7

=2
=]

Layer description| |tess Description
1
puaping well well_id | well serial number in district
old_new | same with old.new itea of reservoir watershed.
water supply 0ld_new | same with old_new item of reservoir watershed.
pipeline
conplex old_new | same with o0ld _new item of reservoir watershed.
class complex type— 1. inland f{ish fara
2. livestock fara
3. existing industrial complex
4. planned industrial complex
- 5. wastewater treatment plant
|
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Fig. 2 Data processing procedure



SUHEX Q2 FAHAILH AIHE B X2IHE Ala-e] 88

EXAMPLE
APPLICATION

Coverage Generation for Planning
Rural Water Resources Systems
Coverage is a newly generated the-
matic map by manipulating base maps
arnd thematic maps. The spatial analys-
is, data search, creation and update of
a new coverage can be accomplished to
append,
overlay the coverages.

split, mapjoin, seperate or

The  manipulation  procedures for
generating a new coverage must be
decided previously to obtain a useful
planning data. Such standard procedur-
es will raise the efficiency of GIS and
be friendly to the users. Table 3 shows

an example coverage creation for a

Table 3 An example coverage creation

Coverage Query and results
aduinistration | cultivating area of paddy ricey within the
boundary and upland crops, adninistration

+ existing, planned, reinforced | boundary
irrigation area | irrigation ares

adninistration | existing, planned hydraulic facilities (reservoir,
boundary diversion, pusping wells, pusping station)

+ vithin the administration boundary
hydraulic
facilities

road the pavepent status and track nuaber of road

+ vithin the area
irrigation area | investigation of adjacent area to road by
buffering

certain planning purposes.

Applicability of Three-dimensional
Data

A GIS function which exhibits three
dimensional data is known as an
efficient tool in acquiring the spatial
data such as slopeness, inclined plane
of an area and longitudinal profile of
river.

Three may be
constructed by digital elevation model
(DEM), contour or level-surveying data.

dimensional data

Among these, contour data can be
easily obtained from the published map

and it can be converted to grid data or

COBLOUr coverage

TN LATTICE GRID

3-dimensional analysis
l streap
road
stereoscopic display bank 1ine
T path design

slope 12p I
T profile

aspect nap

- niversal Soil Loss Equation(USLE)
- Flood wave reaching tise

- Generation of watershed boundary
- Path plan vith profile draving

- Optisal land use

Fig. 3  Three-dimensional data processing
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tringular irregulated network data. Fig. 3
shows a data processing procedures of
three dimensional data.

The slope map can be used as a
supporting data to find a watershed
boundary, to estimate the time of con-
centration in a rainfall-runoff hydrolog-
ic model or to calculate the amount of
soil erosion. The aspect map can be
used to select a proper reservoir site or
an arable land for crop. The longitudi-
nal profile of river can be used to plan
a watercourse route for municipal water

supply or irrigation.

Planning Rural Water Demands
Forecasting future water demands

within rural area is an essential task to

plan a rural water resources systems.
It is usually approached by a mathe-

matical or physical modeling based on

Table 4 Extractable data in RWRIS

Vater demand Extractable data in RWRIS
prograss

life settlement site, present population
irrigation present status of land use, area
industry industrial complex site, area
livestock livestock farn site, breeding size
inland fish | inland fish farm site, production
environment | river configuration, site of

point pollution
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on the forecasting techniques. At the
beginning of this project, the forecasting
method of each rural water demands
was established considering the obtain-
able statistical data and the investigated
data, and the models were developed
with Fortran 77 language. Among the
input data of the models, some data
can be obtained easily and reasonably
from the RWRIS and these data are

summarised in Table 4.

CONCLUSION

The Geographic Information System
for planning rural water resources sys-
in the
Republic of Korea. In this paper, a GIS

tems is the beginning stage
was constructed and proved to be an
efficient tool for the purpose of planning
rural water resources systems.

Further research needs are focused
on land use planning for irrigation land,
the analysis of human settlement anal-
ysis, the abstraction of diverse param-
eters to support application models such
as watershed model, water quality model,
irrigation network model, and the design
of irrigation and drainage channel routes.
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Fig. 4 Wartershed boundary extraction from DEM

Fig. 5 User interface of the system and data display
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