Journal of the Korea Institute of Ecological Architecture and Environment
Vol. 13, No. 4 Aug. 2013, pp.33-41, pISSN 1598-3730, eISSN 2288-4823

PEEY FERYS o437 EAAY

e ¥ B

= %

http://dx.doi.org/10.12813/kieae.2013.13.4.033

S8 e

Assessing the Effect of Water and Heat Cycle of Green Roof System using

Distributed Hydrological Model in Urban Area
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Abstract
The impervious area on the surface of urban area has been increased as buildings and artificial land cover have

continually been increased. Urban development has gradually decreased the green zone in downtown and alienated the

city from the natural environment on outskirt area devastating the natural ecosystem. There arise the environmental

problems to urban area including urban heat island phenomenon, urban flood, air pollution and urban desertification. As
one of urban plans to solve such problems, green roof system is attracting attentions.
The purpose of this study was to investigate flood discharge and heat reduction effect according to the green roof

system and to quantify effect by analyzing through simulation water and heat cycle before and after green roof system.

For the analysis, Distributed hydrologic model, WEP (Water and Energy transfer Processes) and WEP+ model were used.
WEP was developed by Dr. Jia, the Public Works Research Institute in Japan (Jia et al. 2005), which can simulate water
and heat cycle of an urban area with complex land uses including calculation of spatial and temporal distributions of

water and heat cycle components. The WEP+ is a visualization and analysis system for the WEP model developed by

Korea Institute of Construction Technology (KICT).
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Fig. 1. Vertical structure in a grid cell and horizontal structure
of WEP model (Jia, 2005)
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Fig. 2. WEP+ System
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Fig. 3. Study Area (Joong-GU in the middle of Seoul Metropolis in
Korea)
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Table 1. Input Parameters for WEP Model

Item Input data
Watershed Population, Dividing watershed
Climat eLocation and elevation of station, Climate
. data(rainfall, Wind speed, Solar radiation,
conditions

Temperature, Humidity)

Surface elevation, Slope, Flow direction, Flow

Topography accumulation, Land use, Impervious area
Soil Soil type, Vegetation
Location of stream, Length of reach, Depth of
Stream
channel bed
; Depth of aquifer, Hydraulic Conductivity,
Aquifer Storage Coefficient
Water use Irr|ge?t{on supply, Import water, Recycle water,
municipal water supply and leakage rate
Energy Distribution of energy consumption

The initial conditions for Streamflow, Spatial

Initial conditions Soil Moisture, and Groundwater level

DEM(m)

18.50- 4057

4057-62.63
.70

ROW 0000 COL 0000 VAL - 0000 NoM

Rex Row - 103 CoL: 80 VALiL N
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Table 2. Evapotranspiration changes at each soil depth

considering hydraulic conductivity (Unit:mm)
Soil Hydraulic Conductivity (cm/s)
D(ecf;‘)ch 3.1x10" 3.1x10° 3.1x10°
10 461 553 554
20 512 581 570
60 563 658 655

* The amount of evapotranspiration is average rainfall for 10
years (1999-2008); 1,337mm

Table 3. Direct Runoff changes at each soil depth considering

hydraulic conductivity (Unit:mm)
Soil Hydraulic Conductivity (cm/s)
Depth
(GF")) 31x10* 31x10° 31x10°
10 869 783 787
20 825 757 770
60 785 698 709

* The amount of direct runoff is average rainfall for 10 years
(1999-2008); 1,337mm
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Fig. 11. Evapotranspiration changes at each soil depth
considering hydraulic conductivity
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Fig. 12. Direct Runoff changes at each soil depth considering
hydraulic conductivity
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Table 4. Surface Temperature changes at each soil depth

considering hydraulic conductivity (Unit:mm)
Soil Hydraulic Conductivity (cm/s)
Dept
h 3.1x10* 31x10° 31x10°
(cm)
10 153 149 149
20 15.2 14.8 14.8
60 15.2 146 146

Table 5. Sensible Heat changes at each soil depth considering

hydraulic conductivity (Unit:mm)

Soil Hydraulic Conductivity (cm/s)
Dept

h 3.1x10? 3.1x10° 3.1x10°

(cm)

10 456 289 293

20 404 275 287

60 307 143 154

Table 6. Latent Heat changes at each soil depth considering

hydraulic conductivity (Unit:mm)

Soil Hydraulic Conductivity (cm/s)
Dept

h 3.1x10? 3.1x10° 3.1x10°

(cm)

10 1,148 1,359 1,356

20 1,247 1,426 1,399

60 1,382 1,618 1,611

Table 7. Bowen Ratio changes at each soil depth considering

hydraulic conductivity (Unit:mm)
Sail Hydraulic Conductivity (cm/s)
Dept
" 3.1x10? 3.1x10° 3.1x10°
(cm) ’ ’ ’
10 040 0.21 0.22
20 032 0.19 021
60 0.22 0.09 0.10
39
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Fig. 13. Surface Temperature changes at each soil depth
considering hydraulic conductivity
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Fig. 14. Bowen Ratio changes at each soil depth considering
hydraulic conductivity
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