Apply GISto Explore Analysis of Raining Storage in Community
— A Case Sudy for Tao-Yuan High-speed Railroad District
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ABSTRACT

Land-used have a largely percent impervious cover in city environment.
Impervious surfaces cause local decreases in infiltration, percolation and soil
moisture storage, reductions in natural interception and depression storage and
increases in runoff. More rigorous parameters of raining storage, as a result of
recent green building evaluation of Taiwan, are increasingly supplement to system
management rather than traditional procedures.

Based on those researches, this study developed a simulation GIS framework
and procedures for a screening drainage impact assessment for urban watershed,
and applied it to the case of Tao-Yuan high-speed railroad district, a new town of
Taiwan.

A generic conceptual model was developed and a set of key indicators was
selected: impervious areas, rational formula, surface runoff, flood frequency, return
period, rainfall, land use control regulation etc.

This latter point illustrates some zoning control should be revised that can be

seen in the affects of flood damage and the other objectionable features.
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1. INTRODUCTION

The process that urbanalization causes new hydrology of the city and cause
the original city a great deal of earth's surface is produced the runfall. This
phenomenon causes the flooding of the city and lack raining storage the soil of the
city. It is also indirect to cause urban heat island effects.

Aim at this problem government has been promoting the concept of green
building aggressively over these few years, an among those items is the index of

site water retention. ( The Ministry of Interior constructs the institute,2001 ) Its target lies
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in the increment infiltration the soil of the city. But the index sign of this valuation
with single building is foundation, can't be applicable to big region of the scope.
Main reason lies in its control the programming the principle, therefore the one
base management is a lord, comparing mutually in environment of big dimensions
of the city, not whole consideration.

This text is to applies the geography information system to come to inquire
into the Zoning Control to influence community raining storage the degree. Based
on those researches, this study developed a simulation GIS framework and
procedures for a screening drainage impact assessment for urban watershed, and
applied it to the case of Tao-Yuan high-speed railroad district, a new town of
Taiwan.

So this study main purpose is :

(1) Apply the geography information system to come to inquire into the
community raining storage.
(2) Make use of the geography information system the first step of the

simulation result

2.Build community raining storage model
This stanza is according to domestic and related cultural heritage and laws,
put forward related type of the analysis of community raining storage, carry on the

research.

2.1.Community raining storage and rainfall analyze the method
Community raining storage must the factor of the consideration is numerous.

Now we make the discussion respectively :

2.1.1.per centage of impervious area
Percentage of impervious areas (IMP) is impervious surface area occupies to
watershed area. In urban areas, every kinds of land use have its own impervious

characteristic, which IMP could calculate by:

n I : percentage of impervious area (% )
A Z B xA A, total areas of impervious surface in
| = (—p) x100% = (=-—-—) x100% --- [2-1] the urban
A A A : urban areas

P: ¢ a ratio of impervious surface in
every kinds of land use
A : areas of every kinds of land use

Which indicates that Ap is total areas of impervious surface in the urban, A is

urban areas, Pi is a ratio of impervious surface in every kinds of land use, Ai is



areas of every kinds of land use. That can be Influence percentage of impervious

area including Zoning Control, population density.

2.1.2.Index of Site Water Retention
Aim at this problem government has been promoting the concept of green
building aggressively over these few years, an among those items is the index of

site water retention, which the index of site water retention could calculate by:
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: the Index of Site Water Retention.,
: sum total of after developping site water retention (m3).

: sum total of Site Water Retention (m®).

: At first Site Water Retention (m’) > Ov= Aox kxt .

Ao @ areas of Site (m’).

k © infiltration of Site (m /s) * less then 10 " m/s.

r: It is biggest to rain time continuously (s) - 1985~1994 year the biggest to rain time
continuously is 1584500 sec(44 hr) in Taipei.

A. : Basis of the Index of Site Water Retention.

7 building coverage.

COQ N

2.1.3. Thetotal surface runoff
The total surface runoff (QT) is estimated by three kinds of situation, rainfall

flow (Q1), drainage flow (Q2), and surface flow (Q3) from other areas.

3 QT : The total surface runoff
Q = z () ——— [3-3] Q1 : the peak flow in T return years
i-1 (m’/sec.)
Q2 : the drainage flow of every kinds
of land use
Q3 : another point of total surface
runoff

2.1.4. Rainfall flow
Rainfall flow (QIl), mean the peak flow in T return years (m3/sec.), is

calculated by where IT is rainfall intensity on T return years (mm/hr); A, is areas of
watershed (km2). C is the coefficient of runoff surface flow; similarly, it could

instead of percentage of impervious areas (IMP).

Q =0278xCxl; x A —reeev [3-4]

Q, : rainfall intensity on T return years (m®sec.)
C : the coefficient of runoff surface flow

I+ : rainfall intensity on T return years (mm/hr)
A : areas of watershed (km?)



2.1.5. Rainfall Intensity

According to volume of rain of Tao-yuan. The year of the base is average to
rain the quantity for 1781.4(mm) °

i—(G+Hlo T A [3-5]
12 * By
P
|25 — 2 3'6
6 (25.29+0.094P) [3-6]
P
A= ( ) ; B=55
~189.96+0.31P
P P
C=( )’ G=(——)
~381.71+1.45P 4289 +1.33P
P
H=(———>2)°
—6533+183P

ZUH[1> T ¢ return years (year)
t : Itis biggest to rain time continuously (min)
ItT : rainfall intensity on T return years (mm/hr)
Igg : rainfall intensity on 25 return years (mm/hr)

P : The year is average to decline the volume of rain (mm)
A~B -~ C~ G- H: Coefficient

2.1.6. The drainage flow of every kinds of land use

Besides rainfall flow, the other is drainage flow (Q2) that come from human
activities and calculates by every kinds of land use.

Q2, it means the drainage flow of every kinds of land use (m3/ hr). A is the
areas of each black (m2); FAR is floor areas ratios (%); a is a ratio for effective
flooring use of total floor use areas on the block (%); B is the average consumption
water of each person in an hour (I/person hour); y is a coefficient for average
persons per unit of floor area of each kinds of land use (person/m2).

Q=AxFARxax B x v [3-7]

Q. : the drainage flow of every kinds of land use (m>/hr)

A : the areas of each black (mz)

FAR : floor areas ratios (%)

a : aratio for effective flooring use of total floor use areas on the block (%)
B : the average consumption water of each person in an hour (I/ * E\ﬂj‘)

v :a coefficient for average persons per unit of floor area of each kinds of land use ( *
Im?)

2.1.7. Another point of total surface runoff

Meanwhile, surface flow (Q3) is another point of total surface runoff that
should analyze the partial flow from upper watershed (). This could be written by
Q3=(Q1+Q2)*n. When we simulate the rainfall intensity on T return years and



calculate total surface runoff (QT) then over the areas of each floodplain, which it
is the flood depth.

Qs+ (Q1+Q2)x 77 [3-8]
Q3 : another point of total surface runoff
Q1 : rainfall intensity on T return years(m3/s)
Q> : the drainage flow of every kinds of land use (m3/hr)
7 * the partial flow from upper watershed

3.Apply the community raining storage mode in the geography information
system

This stanza is main to discuss how to applied the community raining storage
in GIS and simulation analysis of the rainfall and water circulation. Also construct
the area of the emulation through GIS of urban stormwater drainage and watershed
to simulation the community raining storage that has characteristic and appearance.

In a new town like Tao-Yuan high-speed railroad district, there are 490
hectares surrounding with the farmland in the north of Taiwan. Till now, it just in
the planning stage without any development in those areas, thus, it could be a
better case to simulate coexistent relationship of zoning control with urban
microclimate. These representative rainfall floods was then employed in
geographical information system (GIS) consisting of building information to

rainfall spatially all over the study areas.

3.1.Basic data establishes

Figure 1 illustrates the
modeling area of the simulation * | :
and the area of Tao-Yuan = d [y e, .:..:. -
high-speed railroad district. The Bl l
topography of site is flat. The :
average slope of site is 3% from B
southwest to east north, and three
rivers cross the district from south
to north. The model utilized the

block system along with planning

i =8

map. Zoning control codes

simulated  detailed  building

¥z

information.

Fig. 1 The simulation area - Tao-Yuan high-speed railroad district.



3.1.1.Zoning control
Table 1 Zoning control

. Area | building floor . Area | building floor
Zoning control areas Zoning control areas
(ha) |coverage . (ha) |coverage| .
ratios ratios
Residential district 157.84| 50% 200% | Game field(Urban | 4.9 ---
parks)
Commercial district 31.19 | 60-70% |240-300%| Stadium(other 4.89 50% |200%
Organization)
high-speed railroad 19.68 Square(other 1.07
district(Railway station) Organization)
land of Property(Railway | 21.9 | 40-50% | 240% Park way(Railway | 0.3
station) station)
Gas station(other 0.48 40% 80% Irrigate with 2.28
Organization) ground(other
Organization)
land of Religion(other | 2.13 Parking(other 4.81 80% |400%
Organization) Organization)
land of drinking 1 elementary 12.02 | 40% [120%
water(other school(School)
Organization)
land of 1.14 50% 250% |high school(School)| 9.36 40% |120%
Telecommunication(other
Organization)
River 32.93 -- Senior high 3.72 40% |120%
school(School)
Appropriation in Irrigate | 8.13 --- Organization 1.79 50% |250%
with ground(other metroland(other 12 20% | 50%
Organization) Organization)
Road 104.7 land of 4.2 ---
environmental(other
Organization)
other high-speed railroad| 7.53 land of the 1.15 50% |150%
district(Railway station) electricity(other
Organization)
park(Urban parks) 29.18 5% The facilities of the | 0.12
electric power(other
Organization)
Greenly(Urban parks) | 9.56 |
Total of area | 490ha

The source of the data : Taiwan Provincial Government,1999 - "Plan of Tao-Yuan high-speed railroad

district".

Table 2 Zoning control of Percentage of pervious area

i Comme| Railw | other Total
Zoning |Residenti Urban Organiz o
rcial ay School . Organizati| River | Road of
control |al district i parks ation
district | station on area
Area | 157.84
31.19139.21 | 38774 | 25.1 | 1.79 | 585 |32.93|104.7 | 490
(ha)

The source of the data : The sorting of this research



3.1.2.Build Tao-Yuan high-speed railroad district of CAD
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Fig.2 Cad data — Tao-Yuan high-speed railroad district.

3.1.3.Volumeof rain

Table 3 weather bureau Taoyuan stands data in 2001

Month 1 2 | 3 4 5 |6 | 7] 8 9 |10 |11 12

the volume

, 157.5| 34 | 150 (156.5/ 179 |48.5|162 [48.5/998.5(10.5| 7 |23.5
of rain (mm)

evaporate
the quantity| 42.8 |40.9|53.1| 14.8 |22.7|44.1| 6.4 |10.3| 7.5 | 81 | 2.9 |46.7
mm(120cm)

The source of the data : weather bureau Tao-yuan stands data http:/www.cwb.gov.tw

Table 4 weather bureau Taoyuan stands data in 2002

Month 1|2 3 4 | 5 6 7 8 9 |10 |11 |12
the volume

. 39 |160.5|170.5|22.5/101| 32 | 161 | 57 |104.5| 47 | — | —
of rain (mm)
evaporate
the quantity|47.4|54.1| 50.8 | 73 |77.6(107.7|136.9|111.7|116.2|68.9| — | —
mm(120cm)

The source of the data : weather bureau Tao-yuan stands data http://www.cwb.gov.tw



3.2.Community Raining Storage mode establishes

Fig.4 14 cent District

Figure 3 is divide the line base as 14 cent district according to drain the

system, like figure 4. Last simulation the community raining storage mode

according to figure 4.

step 1-Basic data turns into Digital data

step 2- Digital data turns into GIS data

N =TT e RN S

Table 5. All Zoning control data in Tao-Yuan high-speed railroad district

ENTITY [LAYER |ELEVATI[THICKNHID TR ED [fd ] A | le(%o) | 28 it (%o) | ANz kAR ok AN K- B (UK 2 K |BR/KSH% | REUK106%) ik 2512
|Polyline |0 0.00000] 0.00000} 0 0.66| % 113 60) 300 000 0.0 0.00) 000 0.0 000 000 0.00|
|Polyline |0 0.00000 0.00000} 6| 0.65| % 114 60) 300 086 -0.30) 063 -014| 1021.20| 4846| 8537] 10382
|Polyline |0 0.00000] 0.00000} 49 1.0A[FHH B4 18 60) 300 081 -0 070 -018] 7920| 9397] 22639 20260
|Polyline |0 0.00000] 0.00000} 0 1.06{ B4 19 60) 300 085 -0.24f 063 -017] 52770 7074] 12600] 15363
|Polyline |0 0.00000] 0.00000} 0 054] F1 A K ST ) 70 240 085 -0.24f 063 -017] 52770 7074] 12600] 15363
|Polyline |0 0.00000] 0.00000} 52 0.54|{# 13506 100) 086 -0.30) 063  -014] 102120 4846] 8537] 10382
|Polyline |0 0.00000] 0.00000} 55 02877 0 4 5 085 0.4 063| -017] 52770 7074| 12600 15363
|Polyline |0 0.00000| 0.00000 54 02477 0 3 5 085 -0.24 063 -017] 52770 7074] 12600 15363
|Polyline |0 0.00000] 0.00000} 60 5 085  -024 063| -017] 52770 7074] 12600 15363
|Polyline |0 0.00000] 0.00000} 61 50 200 086  -0.30 063 -014| 1021.20| 4846| 8537] 10382
|Polyline |0 0.00000] 0.00000} 56 50 200 086  -0.30 063 -014| 1021.20| 4846| 8537] 10382
|Polyline |0 0.00000] 0.00000} 18| 50 200 086  -0.30 063  -014| 1021.20| 4846| 8537] 10382
|Polyline |0 0.00000] 0.00000} 17, 50 200 085  -024 063 -017] 52770 7074] 12600] 15363
|Palyline |0 0.00000| 0.00000f 0 50 200 086  -0.30 063  -014] 102120 4846] 8537] 10382
|Polyline |0 0.00000] 0.00000} 0 50 200 086  -030 063|  -014] 102120 4846| 8537 10382
|Polvline |0 0.00000] 0.00000) 0 50 200) 078]  -024 064 -017] 53310 60| 8188 10652




4.Case simulation and result

4.1.per centage of impervious area

4.1.1. Data of Tao-Yuan high-speed railroad district ( The assumption is for land
before developping )
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Consequently, community through after developping the percentage of
impervious area increment 0.2-0.22, display because the urbanalization turns to

make the community percentage of impervious area increment.

4.2. Index of Site Water Retention

4.2.1. Data of Tao-Yuan high-speed railroad district ( The assumption is for land
before developping )

o b ok e R #0I0T ok T e 2 N S i B

0 0 a8 0
0 0 0] 0
0 0 0] 08
19 1 0] 17]
15 ahip

0 0 8 0 0128
0 0 a8 0 DR R
Bt 1 8 ® 18 --018

niR-ai
0 0 0] 08 f =i
a1t 1 0] @ oA oo 5
03 038 [0 At




4.2.2. Data of Tainan ( The assumption is for land after developping )
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Find through emulation, because under the influence of the factitiousness
develop, the earth's surface spreads and artificial thing of the facilities is right alone

of increment, community index of site water retention reduces. Half lands reduce
0.26 above, other reduce 0.23-0.25.

4.3.Flooding height
Table 6. Flooding height

LA EE G DAL B 2 f51) P I It

HRE QAN P | sl | A | e D | e e
g [Ifikmd SPIYCHE  [RFE | ASEEEREIRRQ) mdseo) [TF|BE A QT A oem | AEEHE | M om)
1 0.1288 0.70427] 0.630435 0.2472| 0.383232) 0.02 040523| 3.157211) 3.562443] 028 12824794| 995714
2 0.2634 064306 1.1772 04616| 0.715603 0.15] 0.8637] 1.8442 2707904]  0.10| 9748455|  370.101
3 0.3146 0.63635| 1.391355 0.5456| 0.845785 0.28] 1.12948] 1.313011) 2442486)  0.08] 8792.950|  279.4%
4 0.1611 0.63057] 0.706016 0.2768| 0429177 0.15{ 0.57576| 1.313011) 1.888775| 0.12] 6799591] 422073
5 0.5339 0.71335| 2646977 1.0379| 1.609059 024 1.8442 18442 003 6639120  124.351
6 0.2885 0.72478] 1.453245 0.5698) 0.883407, 0.15] 1.03762| 2.626021| 3663639  0.13] 13189.101]  457.161
7 04215 0.76460| 2.239846 0.8783| 1.36157 0.30] 1.66036| 0.965664] 2626021]  0.06] HM53677|  224.287,
8 0.3056 0.60687] 1.283947 0.5054| 0.783532 0.35) 1.12885| 1.342447| 2471301]  0.08] 8396.684|  291.12
9 0.2768 0.62077] 1.194219 046833| 0.725%48 0.24] 0.96566 0965664] 003 3476392 12559
10 0.3614 0.66198| 1.662718 0.6520| 1.010742 0.33] 1.34245 1.342447|  0.04] 4832808  133.725)
1 0236 0.53593 0.879036| 0.3447| 0534353 0.171070137] 1.61141) 2312779] 0.10] 8326.006| 352797
12 04161 0.63957] 1.849569 0.7252| 1.124326 049| 1.61141 161141 004] 5801.077] 139415
13 0.3354 0.53646| 1.250514 0.4903| 0.760169 0.02] 0.78107| 1.629372) 2410443]  0.07| 8677594 258724
14 04851 0.62498| 2.107101 0.8262| 1.280877, 0.35 1.62937 16203721 003 5865738  120.918]

4.3.1. Data of Tao-Yuan high-speed railroad district ( The assumption is for land
before developping )
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4.3.2. Data of Tainan ( The assumption is for land after developping )

el i W R e o 1] S I s R

&0 - 180
180 - 320
330 - angn

o

al

b B 5 fe o ] 5O M R A

1214.30p
- 30

L 20-a

B 40 - 5D
A0 - 162
160 - X20

I 20 - o0

b

Find through emulation, community flooding height probability increment.

5.Conclusion and suggestion

5.1.Conclusion

5.1.1.Build apply the community raining storage mode in the geography

information system

Through this research, make use of the mode of community raining storage to

geography information system, in turning to present by sense of vision.

5.1.2.Geogr aphy infor mation system thefirst step imitatestheresult

Find according to emulation, plan the area that increment of percentage of

impervious area and decrease of index of site water retention all in same area. And

big part of usage of land in the area of these cents is commercial district and

organization. Show the influence of the Zoning Control to influence the

community raining storage.

5.2.Suggestion

The index sign of this valuation with single building is foundation, can't be

applicable to big region of the scope. SO build the community raining storage that

applicable to big region of the scope. And promote effectively infiltration of the

district of the city. Reduce percentage of impervious area of the earth's surface of

the city.
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