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Hsinchu Science Park 
http://www.sipa.gov.tw/,20081120
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Urban Planned District

1970 594.89 km2

1980 898.26 km2

1990 1801.49km2

2000 1872.31km2
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☆ 1970~2006 Rate of Increase 114%

Taipei-Taoyuan Area
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Land Cover Change

1990 2006

forests 2262.06 2124.79

Agricultural/open fields 480.25 319.61

Built-up lands 678.16 1071.43

Water body 238.19 141.56

Unit: km2

1990

Peri-Urbanization in Taipei- Taoyuan Area
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Urban planned district

1971  →
2006

Urban 
planned 
district

Non-urban 
planned 
district

Forests →
built-up areas 92.14 200.08

Agr/open →
built-up areas 143.07 207.85

Unit: km2

Land Cover Change
Comparison of  land cover  
between 1971 and 2006

Peri-Urbanization in Taipei- Taoyuan Area



Peri-Urbanization in Taipei- Taoyuan Area

Landscape metrics
urban area ↑

number of urban patch(1971~1990) ↑

mean urban patch area(1971~1990) ↓

edge density of urban area ↑

Fractal dimension index ↑

Total urban area (Units: hectares)

Edge density of urban area 
(Units: meters/hectare)

Area-weighted mean patch 
fractal dimension index

Number of urban patches Mean urban patch area (Units: hectares)

Area-weighted mean shape index

Urban planned district

Non-urban planned district



Peri-Urbanization in Taipei- Taoyuan Area



1971~19901971~1990 1990~20061990~2006

Most intensive
High intensive
Medium intensive
Low intensive
Least intensive

∝ increase of economic 
productivity

∝ location of urban
planned districts

Peri-Urbanization in Taipei- Taoyuan Area



Emergy synthesis

Impact Matrix

Evaluation of Ecosystem Services

to include both human and 
nature for evaluating the work of nature.

to identify systemic  roles of 
ecosystem components.

value ：the environmental work supporting a 
product or service.
energy mass →solar emergy

influence between system components

(active vs. passive) , (critical vs. indifferent)



Evaluation of Ecosystem Services

Urban ecosystem – Taipei-Taoyuan Area

waste
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resource

Energy 
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Preservation 
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Example： Forest

Forest  
Area  

Sun

Wind

Rain Rock

Trade

Recreation 
& Culture

Biomass

surface 
water

Litter

Soil
Nutrient

H2O

Ground 
 water 
.

Runoff
Typhoon

Purification and 
preservation of water
(Regulating service)

Forest 
products

(Provisioning 
service)

Sightseeing, 
beautiful landscape

(Cultural service)

3.07E20

3.72E18

5.45E20

0.00

6.36E20

1.94E20

3.72E18

6.44E20

Evaluation of Ecosystem Services



Example：Paddy Rice Field

2

Paddy Field

surface water 
   。 Reservoir 
    。 Pond

Area
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Evaluation of Ecosystem Services



Evaluation of Ecosystem Services

Result of Impact Matrix
Forest ecosystem Riparian Wetland Agr. Production Surface Water

Urban 
system

Active Sum (AS)
Soil water Soil Nut. Biomass Soil Water Biomass Soil water Soil Nut. Biomass Upstream Down Stream Ground water

Renewable energies 6.E+20 1.E+18 2.E+20

forest ecosystem

Soil water
Ａ 9.E+20 6.E+20 1.E+21

Soil 
nutrient Ｂ 2.E+20 5.E+18 2.E+20

Biomass Ｃ 3.E+14 0.E+00 3.E+14

Riparian Wetland

Soil Ｄ 6.E+17 6.E+17

Water Ｅ 2.E+17 2.E+17

Biomass Ｆ 0.E+00

Agr. Production

Soil water
Ｇ 2.E+20 1.E+20 3.E+20

Soil 
nutrient Ｈ 2.E+21 7.E+18 2.E+21

Biomass Ｉ 2.E+21 0.E+00

Surface Water

Upstream
Ｊ 3.E+20 8.E+20 2.E+21 1.E+21

Down 
stream Ｋ 1.E+13 2.E+17 2.E+17

Ground 
water Ｌ 3.E+18 3.E+18

Urban system Ｍ 2.E+16 6.E+20 2.E+20 2.E+07 8.E+20

Passive Sum (PS) 6.E+20 3.E+14 2.E+20 1.E+13 1.E+18 6.E+17 5.E+20 2.E+16 2.E+21 1.E+21 1.E+21 8.E+20 4.E+21

unit :
（Sej/Yr）Total Sum(TS) 2.E+21 2.E+20 2.E+20 6.E+17 2.E+18 6.E+17 8.E+20 2.E+21 4.E+21 4.E+21 1.E+21 8.E+20 5.E+21

Quotient(AS/PS) 2.E+00 8.E+05 1.E-06 5.E+04 1.E-01 0.E+00 7.E-01 8.E+04 7.E-01 3.E+00 2.E-04 4.E-03 2.E-01

From

To

AS

PS

High Active
Sum

Agricultural Crop

Upper reaches of stream

Agricultural
Crop

Upper reaches 
of stream

Urban 
system

Ground Water in Forest area

High Passive

Sum



Evaluation of Ecosystem Services

A = Forest-Soil water
B = Forest-Soil nutrient
C = Forest-Biomass
D = Riparian wetland – Soil
E = Riparian wetland – Water
F = Riparian wetland – Biomass
G = Agriculture-Soil water
F = Agriculture-Soil nutrient
I = Agriculture-Biomass
J = Surface water - Upstream
K = Surface water - Downstream
L = Surface water – Ground water
M = Urban System
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Evaluation of Ecosystem Services

Change of ecosystem service due to land 
cover change.
1971~2006

Upper reaches of 
stream is more 
active

Urban System is 
more reactive

Agricultural Agricultural 
System is less System is less 
criticalcritical



Social-economic
change in Taiwan 

Global
Environmental

Change
Taipei-Taoyuan
Spatial development

◎ land use change
◎ environmental 

problems
◎spatial planning

impact

adaptation

Politics & 
Economy

effect
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1986 1993 2008 2017 215621412125
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68%
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24 years 8 years

ageing aged super-agedmillion
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0~14
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＞＞ 65

Population growth
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19861986 20072007

Economic growth(%)





Urban Sprawl
Economic productivity

Population

Land cover

1971 1990 2006

1971 1990 2006

Forests
Agricultural/open fields
Built-up lands
Water bodies

1971 1990 2006

Peri-Urbanization in Taipei- Taoyuan Area



Evaluation of Ecosystem Services

Ecosystem vs. Services
Ecosystem

Services

Natural Natural 
Ecosystem Ecosystem 

AreaArea
Agricultural Production AreaAgricultural Production Area Surface waterSurface water

Forest Riparian 
wetland

Paddy rice 
field

Crop 
land Orchard Range 

lands Fallow Agriculture Upstream Downstream

Provisioning ServicesProvisioning Services
Food ● ● ● ● ●

Fresh water ● ●

Regulating ServicesRegulating Services
Water regulation ● ● ● ●

Erosion regulation ● ● ●

Water purification and 
waste treatment ● ●

Cultural ServicesCultural Services
Aesthetic values ● ● ● ● ● ● ● ● ●

Recreation and 
ecotourism ● ● ● ● ● ● ● ●

Supporting ServicesSupporting Services
Soil Formation ● ●

Primary production ● ● ● ●

Nutrient cycling ● ● ● ●


