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Abstract

1.Preface

Due to the globalization, the relationship between society, economy and
natural environment has an interactive influence, and with global warming, it is
obvious that some issues such as cross-discipline water resources management or
environmental pollution combat climate change. In Taiwan, economic pattern is
deeply affected by the globalization and citizens are more likely to gather in the
busy zone, which increases dramatically urbanization. Under the extreme climatic
conditions, the rainfall has become more frequent and intense, which lead to
severe flood problem. For example, in 2018, 0823 tropical low-pressure rainstorm
caused the damage in the southern region. In addition, due to the uncertainties of
climate change, when assessing the reduction of the impact, it should consider

both risk management and decentralized adjustment strategy.

The project aims to combine teleconnection with climate model, global
economic model and land-use change model. After simulating different scenarios
of spatial distribution, using teleconnection and climate model analyze future
climate type and rainfall intensity, or the possibilities of flood. The project builds
the structure of decentralized water regulation, including land use strategies, land
planning scenarios and water management strategies and establishes a
demonstration area to validate. Besides that, the project also analyzes the
difference between present and future land use by teleconnection and global

economic model.

The research area is Taoyuan City, and its development is studied the impact
of hydrological cycles by different kinds of terrains, analyzing the characteristics
of convective rainfall spatial and temporal distribution in future climate change
and different land use scenarios. While using Weather Research Forecast (WRF)

to explore how to change local precipitation patterns and explain the physical
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mechanisms, it can be known how land-use change affect the process in the future.
In addition, through the global economic model, it is estimated that the land-use
change in different situations and combine with national spatial planning to
analyze future land use, and what the impact is when both upstream and

downstream sharing part of the run-off.

2.Combine teleconnection with climate model to explore future

climate patterns and rainfall intensity

2.1 The relationship between land-use change and convectional rain intensity

by atmosphere numerical model

The project applies Noah land-surface model and WREF for study cases,
which were selected weak synoptic-scale during August from 1999-2011,
including 18 sunny cases and 10 rainy cases. The design experiment was
conducted to discuss the impact on rainfall pattern after the paddy area was
converted to fallow area. The results showed that the average rainfall and the
rainfall intensity were incteased during the fallow period. In sunny condition
and different land use secnarios, compared with 1995, the proportion of cities
in Taoyuan increased both in 2015 and 2007, while the proportion of paddy
fields decreased. The increased urbanization lead to the reducing latent heat
release at daytime and increasing temperature at night. In rainy condition, it
1s quite similar with sunny condition in the energy budget and the change of
temperature. However, the temporal distribution of rainfall intensity was
more concenterated over time. The results show that the change of surface
has a potential impact on atmospheric precipitation, but due to the
uncertainty of the atmosphere, it still needs to verify by sufficient data and

model results.
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2.2 Spatial and temporal analysis of the relationship between land-use

change and convectional rain intensity

The project focuses on the long-term spatial statistical analysis
specifically for the Taoyuan metropolitan area. In addition, summer
convective rainfall events will be the object of analysis and mainly selected
of cases of weak synoptic-scale. The built-up area in 1995 was concentrated
on the located on the nearing area of Taoyuan Airport, Chungli and Taoyuan
and chnaged to Bade and Luzhu in 2006. From 2006 to 2016, the land use
change in the study area was relatively stabilized. The change of annual
rainfall and summer rainfall showed that the higher rainfall was observed in
those stations which were located on the flat and more inland area in the past.
In recent years, the characteristics of these spatial differences are less
obvious. These results indicated that the the rainfall center was shifted in the

study area.

To understand the change of characteristics in heavy convective rainfall
in summer, the rainfall data in Bade Station, Dayuan Station, and Yangmei
Station were selected for long-term trend analysis. Due to the long-term land
use change, the hotspot of weak summer comprehensive rainfall event move
from the eastern part of the inland to the western part of the coastal area. The
contribution of heavy summer convective rainfall to annual rainfall hotspot
area also moved from the east inland area to the west or coastal area . The
results show that the long-term land-use change in Taoyuan area makes the
heavy rainfall events shift the characteristics of gravity no matter in the

single rainfall intensity or the total rainfall.
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2.3 Brief summary

The results show that the effects of land retirement have a greater impact
on precipitation and local hydrological climate than land-use changes (from
1995 to 2015). It is expected that the relationship between actual land use
change and convective rain intensity in the next stage will also be included
in the boundary conditions of the WRF model by the present outcome. In
terms of land-use identification of satellite data in Taoyuan area, the results
show that the urban built environment area grew by 30% from 1991 to 2006,
thus the reduction of the vegetation and water area, and between 2006 and
2016, three types of land use changed stably, which indicated that land use
change before 2006 will affect the thermal nature.

3. Combine teleconnection with global economics model to explore

future urban land use

3.1 global economics model

The project is based on Shared Socio-economic Pathway (SSP)
described in the Fifth Assessment Report (ARS) by Intergovernmental Panel
on Climate Change (IPCC), as an integrated assessment model for the
baseline of global climate change. In addition, it is considered the impact of
climate change to simulate the economic growth prospects and international
trade patterns of production and consumption sectors in the global and
Taiwan in 2030, as the parameters of Conversion of Land Use and its Effect

at Small regional extent (CLUE-s) land use model.

Under the five SSP scenarios of GDP in 2030, there is the same
prediction trend for both OECD Env-Growth model and IIASA model on
global economy, but different on individual country/region. In both models,

the population and labor force in developing countries rise dramatically,
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while there has only a slight increase in Taiwan and labor-intensive industries
are hard to compete with those in developing countries, while other

industries have grown.

The project uses IIASA model, which is more conservative, to
downscale in the prediction of industrial growth and land demand in Taoyuan
City. In the SSP3 scenario, the demand of land use for agriculture will be
reduced by 714.47 hectares from 2011 to 2030, and those for forest will be
reduced by 224.86 hectares and those for construction will increase by
399.88 hectares. In the SSP5 scenario, the demand of land use for agriculture
will increase by 739.25 hectares from 2011 to 2030, and those for forest will
be reduced by 167.62 hectares and those for construction will increase by

1663.80 hectares.

3.2 Land-use change model

The project intends to use CLUE-s to incorporate changes of the
demand of land use by the global economic model and the policies, which
may control land-use development, to simulate the spatial distribution of
land use in the future. The land use distribution of the Taoyuan area in 2007
and 2014 will be input into the CLUEs model, and five environmental

variables that drive land use change will be selected.

The results also showed that the AUC values of all types of land use are
greater than 0.6. The kappa value of CLUE-s modle are greater than 0.8,
meaning the simulated land use allocation are credibility. The future land
allocated results show that the area of agriculture, forests and grassland
decreased, while the area of land construction and wasteland increased in the
SSP3 scenario. However, in the SSP5 scenario, agriculture, forests,

wasteland and land construction increased, especially the last one increased
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greatly. Moreover, because the AUC values of land use simulated by Random
Forest (RF) model are greater than 0.8, and the kappa value of the RF model
combined with CLUE-s is 0.86, which indicates that the results have
credibility. Therefore, the spatial distribution of land use simulated by the
RF-CLUE-s model is nested with the national functional partitions, to

establish functions to properly assess the land use space plan in the future.

4. The difference of land use between present national spatial
planning and the result by teleconnection and global economics

model

4.1 The development of present national spatial planning

According to the National Spatial Planning Law and the Land Use
Guidelines Principle, while allocating land use space in the future, the first
category of land conservation areas and agricultural development areas
should be the same as the previous period. Therefore, the process of future
land use space allocation simulation, those areas can be set as the restricted

development area, limiting the possibility of land use conversion.

4.2 Operational steps for comparative analysis of national spatial planning

and future land use simulation

The project uses national spatial function map of the land area in
Taoyuan City, and according to the changes in the demand for various types
of land use estimated by the global economic model, the spatial allocation of
the types of land use estimated by the land use change model. (A) Restricted
Scenario 1: Only Taoyuan Airport is designated as a restricted area; (B)
Restricted Scenario 2: Taoyuan Airport, the first category of land
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conservation areas and the first category of agricultural development areas
are designated as restricted areas; (C) Restricted Scenario 3: Taoyuan Airport,
all categories of land conservation areas and the first category of agricultural

development areas are designated as restricted areas.

4.3 The anaylsis and discussion of the difference between national spatial
planning and future land use simulation
Under Restricted Scenario 1, as the results of the SSP3 situation from
2007 to 2030, the construction of the land is obviously increased regardless
of the functional division of area. In terms of the SSP5 situation, the changes
in the grassland and the pond in each functional area are significantly

reduced, and the construction area has increased significantly.

Under Restricted Scenario 2, as the results of SSP3 situation, the
increase of construction land in urban and rural development areas is greater
than Scenario 1. While the reduction of agricultural land and forest land in
land conservation areas and agricultural development areas is less than
Scenario 1, the reduction of agricultural land and forest area in urban and
rural development areas is greater than Scenario 1. In terms of the SSP5
situation, it is similar to that of SSP3, and the change of land change in urban

and rural areas is obviously increased.

Under Restricted Scenario 3, the results of SSP3 situation show that the
reduction of forest land in the agricultural development area is greater than
other scenarios, while the reduction of agricultural land in the urban and rural
development area and the increase of construction land are also significantly
greater than others. In terms of the SSPS5 situation, due to the unchangeable
of land conservation areas and agricultural development areas, the land-use

change in urban and rural development areas has increased significantly.
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Due to the illimitation of Restricted Scenario 1, there still has the
possibilities to change in the land use of land conservation areas and critical
agricultural development areas. However, in Restricted Scenario 3, other
land-use changes are transferred to the remaining agricultural development
areas and urban and rural development areas. By contrast, Restricted
Scenario 2 has made the construction of the land conservation areas and
agricultural development areas not increase too much, and also allow for an

increase in the area of forest land in the land conservation area.

5. Establishment and test of the decentralized water control

prototype

5.1 Mountain run-off model

The project simulates flood in the mountainous area in Taoyuan and
selects the rainfall and typhoon events that caused heavy flooding (including
0611 rainfall in 2012, Sura typhoon, 0516 and 0602 rainfall in 2016), and
simulate three Restricted Scenario of 50-year return period. By the DHSVM
mode, the hydrograph of the mountain catchment area in each event is

regarded as the boundary condition of the upstream inflow.

5.2 Inundation model

The main flooding areas: A. Dayuan District, Luzhu District, Nankan
River of Taoyuan District; B. Pushin Creek, Xinjie River, and Laojie River
of Dayuan District and Zhongli District; C. Shezi Stream of Xinwu District;
D. coastal low-lying areas of Dayuan District, Guanyin District and Xinwu

District.
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5.3 Hot spot analysis

When calculating the hot spot, it is necessary to consider the flooding
situation of the adjacent area. When the adjacent area i1s 200 meters, the
analysis result can reflect well of the local flooding area. In addition, the
flooding hotspots at different time are also different. The flooding hotspots
in the early and the late period are less than the hotspots selected in the
maximum flooding depth, so the maximum flooding depth will be selected

to use.

5.4 Control area design

While designating the control area, the hot spots are obtained from the
surface water depth in the upper mountainous area and the maximum
flooding depth in the downstream water, and then the hot spots of the seven
rainfall events were analyzed. Because the hotspots of different rainfall
situations are close to each other, the control areas designated in the upper
mountainous areas and downstream areas are roughly the same as the

hotspots area.

5.5 Brief summary

The results show that the first zone control zone is mainly concentrated
in the middle of three small catchments in the upper mountainous area, while
in the second zone, the second zone in the upper mountainous zone has a
similar situation with the first zone, and the hot spots are concentrated in
three small catchment areas, and the results of flooding hotspots in the
downstream areas are mainly concentrated in the Nankan River and coastal

low-lying areas of Dayuan District and Luzhu District.
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6. Conclusion and suggestion

6.1 Conclusion
(1)The project applies for WRF and the results show that the effects of
land retirement have a greater impact on precipitation and local

hydrological climate than land-use changes

(2)The results show that the urban built environment area grew by 30%
from 1991 to 2006, thus the reduction of the vegetation and water
area, and between 2006 and 2016, three types of land use changed
stably. Under the weak synoptic-scale situation, the long-term land-
use change makes the heavy rainfall events shift the characteristics

of gravity no matter in the single rainfall or the total.

(3)The project uses IIASA model, which is more conservative, to
downscale in the prediction of industrial growth and land demand in

Taoyuan City.

(4)The kappa value of the RF model combined with CLUE-s is the best,
so it 1s used to establish functions to properly assess the land use

space plan in the future.

(5)Restricted Scenario 2 has made the construction of the land
conservation areas and agricultural development areas not increase
too much, and also allow for an increase in the area of forest land in

the land conservation area.

(6)The control areas designated for flooding hotspots are relatively
concentrated, and those that are directly flooded with time-by-time
flooding are not only wide but also scattered, indicating the

importance of conducting hotspot analysis.
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6.2 Suggestion

The results show that land-use change effect rainfall characteristics, and
it 1s necessary to collect historical annual land use data in Taoyuan area
during the future work, combining with rainfall observation data and
atmospheric patterns and analyzing the impact and changes of land-use

change on rainfall characteristics.
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Bl Oceania  ASEM Australia; New Zealand; Rest of Oceania.
CHNRING ;%ﬁig/ China; Hong Kong; Mongolia; Rest of East Asia.

BEleN_KOR  B/8HE
W twn e
SEAsia RED
Pl sAsia EE
EAINAmerica 6

CSAmerica g

Europe B

Japan; Korea.

Taiwan.

Brunei Darassalam; Cambodia; Indonesia; Lao People's Democratic Republ; Malaysia;
Philippines; Singapore; Thailand; Viet Nam; Rest of Southeast Asia.

Bangladesh; India; Nepal; Pakistan; Sri Lanka; Rest of South Asia.

Canada; United States of America; Mexico; Rest of North America.

Argentina; Bolivia; Brazil; Chile; Colombia; Ecuador; Paraguay; Peru; Uruguay; Venezuela; Rest of
South America; Costa Rica; Guatemala; Honduras; Nicaragua; Panama; El Salvador; Rest of
Central America; Dominican Republic; Jamaica; Puerto Rico; Trinidad and Tobago; Caribbean.

Austria; Belgium; Cyprus; Czech Republic; Denmark; Estonia; Finland; France; Germany; Greece;
Hungary; Ireland; Italy; Latvia; Lithuania; Luxembourg; Malta; Netherlands; Poland; Portugal;
Slovakia; Slovenia; Spain; Sweden; United Kingdom; Switzerland; Norway; Rest of EFTA; Albania;
Bulgaria; Belarus; Croatia; Romania; Russian Federation; Ukraine; Rest of Eastern Europe; Rest of
Europe; Kazakhstan; Kyrgyztan; Rest of Former Soviet Union; Armenia; Azerbaijan; Georgia;
Turkey; Rest of the World.

Bahrain; Iran Islamic Republic of; Israel; Jordhan; Kuwait; Oman; Qatar; Saudi Arabia; United Arab

LU MidEast PR Emirates; Rest of Western Asia.
Egypt; Morocco; Tunisia; Rest of North Africa; Benin; Burkina Faso; Cameroon; Cote d'lvoire;
Ghana; Guinea; Nigeria; Senegal; Togo; Rest of Western Africa; Central Africa; South Central
1wl Africa JESM Africa; Ethiopia; Kenya; Madagascar; Malawi; Mauritius; Mozambique; Rwanda; Tanzania;

%33 2R LRETHERE

Uganda; Zambia; Zimbabwe; Rest of Eastern Africa; Botswana; Namibia; South Africa; Rest of
South African Customs .

26 BAcip 4 FIMP2 w g ¥

pdr TEIE Paddy rice.
2 OtherCrops Hih{E® Wheat; Cereal grains nec;'VegetabIes, fruit, nuts; Oil seeds; Sugar cane,

sugar beet; Plant-based fibers; Crops nec.

Meathtk EWE Cattle,sheep,goats,horses; Animal products nec; Raw milk; Wool, silk-
worm cocoons.

nfrs M Forestry.

Efsh b-ES Fishing.

nMining A EREEE Coal; Oil; Gas; Minerals nec.

7/ |ProcFoods BEm3iEsE Meat: cattle,sheep,goats,horse; Meat products nec; Vegetable oils and
- fats; Dairy products; Processed rice; Sugar; Food products nec.
n b_t BRI A E B Beverages and tobacco products.
el tex Ank=E Textiles.

ilo8wap PRAX.BREM.AD A B A BYIEZE  Wearing apparel.
Iea R EFEREHBIESIESE  Leather products.
Ium R B R BIESE Wood products.

1M ppp M AR RARER/ENR Paper products, publishing.
p_C ARSI ReERE Petroleum, coal products.
crp (BERM Rl Y R Sy e Chemical,rubber,plastic prods.
nmm EESEREYE BB Mineral products nec.
Metals STEEATZE Ferrous metals; Metals nec.
fmp BRI MBS Metal products.

eIe

ome

mvh
vyaotn

FElomf
| 24 [NZels

Ellwtr

»I:3 OthServices

BErTHEM/ErEREER
A/ B AR EIE SR

Electronic equipment.

Machinery and equipment nec.

EEREE s Motor vehicles and parts.
pE = Transport equipment nec.
FEREMh T8 R Eys% Manufactures nec.
B/ Rt e Electricity; Gas manufacture, distribution.
B K Water.
Construction; Trade; Transport nec; Sea transport; Air transport;

» Communication; Financial services nec; Insurance; Business services nec;

liFesES Recreation and other services; PubAdmin/Defence/Health/Educat;

Dwellings.
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OECD SSP projections: land use, agriculture, Taiwan
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OECD projection - industrial use of land
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[IASA projection - industrial use of land
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W51 AHcsbin ki®h 3 S5 49558 A h R4

— ~ b RIS ECY

K oS A R R R & AR K-k 2 B R(Niehoff et al., 2002) »
BBk Y S T B R KRR AR AR A 3, 2003) 0 ¥ v
sk HN R 5 0 4o Beven & Kirkby % 1979 & #748 & 23 24y
#B- ;% (Physically Based Runoff roduction Model, TOPMODEL)(Beven &
Kirkby, 1979) 3% #5-5% 14 3 A dp ek phinss R~ %o %ﬁ RIS
FETE A(Q2007) 77 B RSN R S A IR R 2 R TR
Bergstrom % Jonsson *v 1976 # #74 & HBV(Hydrologiska Byrans
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Vattenbalansavdelning) (Bergstrom & Jonsson, 1976)#-5% & B £ * % >
%30 5 BREFo 2 &@ (2013)7 &% HBV $£:% ¥ TOPMODEL 5t
AR R E RS ER TR Tl o FEM 1997 E B D
GRS BT LS RS B B2 A
HBV(modified HBV)#-7* (173 & & #5i%42,1997) & 5 Fﬁ/}% FE AL
2011 # R B0 A HBV oV it f BT F v LEE kR K
mEFEFLEF(ME R E A, 2011) 5 Armnold F A (1998)%# B ¥ &%
Fole 2B U B p 3B R e BT BOK R R Y BoR 2 R 2. SWAT
-3¢ (the Soil Water Assessment Tool) » ;' V=G & -k Rk 2 &7
#-#% (Hundecha & Bardossy, 2004) ~ & -k % 2L 2Lk = 4 ekt (Di Luzio et
al., 2004) ~ jn3 ¥ 7 (Arabietal., 2007)% £ BRI > T E KT FHF L H
F ™ SWAT Bos ok - 8 R 2 Bk R ARAE (S M E, 2008) ~ 2
B2 GRS HnE L BRI TE A, 2016085 % ) FOFEE,
2013)% -

K2 H3NF R A 5 BB (lumped) 4 i (distributed) 3] #o3t 0 f H. 7
FARERRARE - BEM T AT ER A R E T AE T A
BEL BT A AT ARSI R RS R ST 2
GEAFTHAERE I N AP ELEE KRR A R RSB LAEY
fe 40 FPtPeiE Wigmosta % Lettenmaier #v > * 3E #- % »Y Wigmostaz
& A (1994)% % 2_ Distributed Hydrology-Vegetation Model 2. Distributed
Hydrology Soil Vegetation Model (DHSVM)(Wigmosta & Lettenmaier,
1999)2_ & # A k= #5487 ok % i £ 4 478 R -

() fes i 4

DHSVM -3¢ 12 Mm;*ﬁﬁf oA LR B ART R
S S N AR SAEE Sh el A Sy EA I % (-] 5-2)(Chu
et al., 2010; Wigmosta & Lettenmaier, 1999; Wigmosta et al., 1994) -
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DHSVM #5441 * Penman-Monteith 2> ;38 & {54 Z #4tE > &7
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W52 DHSVM 5% 2 Hin 42 &

DHSVM #:58 ¢ ¢ 2 358 Z % 472 Bk #%5 #5° (two-layer
canopy model for evapotransplratlon) CEERE AR TR (an
energy balance model for snow accumulation) ~ K2 PR B3 (two-
layer rooting zone model) % 47 fri= T -K i 03N (saturated subsurface
flow model) » #-5% ¥ Jhd AR A HES A HE CERS £
2 TEETERLRT A RRER LG EE K ERIL D
BRG0P L Bk 2 B e fi B TRGER] 5-3) 0 B KT EF
AR VP 4o N
AS, +AS_, +AS,, +AS,, +AW =P-E —-E,-E,-E,—-E,-P, (5-1)

PP OAS R ASp e W I T ok e i R E 0 AS), £
ASu s LHEAKEFBERTARE  AWIAZ KPR E - PS
BHARE P S TRESIRINRE CE GEAG IHEEFFE B
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Eu~Eo~En & W 2 AR 2 4R 87 £ 555 £ 8 FH R (FF
5-3)

Eio Eto P A

ﬁ 4

EIVI
» Ay

W 5-3 WoHRiES B40K 2 kT b

1~ 318 F8 v A et
AFN FERBPEFIOERFLL S ESFER PR T ke
PO K AT ok T+ 2 7 % £ (maximum interception
storage capacities) ™ FRiE 53 H A K EH A 0 FF A B2 AR
BB g KRB ERABETERF FRAE 231 2 (P) - &
BT FEd E o ffdp fic(leaf area index, LAT)i&- ¢

I, =10"LAI F, (5-2)

P TG o ur AR & F AR (overstory) £ B AL
(understory)(\4 T ¥ ) F &3 24 F Ak R E 0t b [c 45
CETRFE CLAIZEadpdkc B 7T 00e®E S5 0
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S;" =S, +P-E; (5-3)

g Sitjmt % 3% |CJ 2= %% }\(thl'OUghfall) Y, (St+At_ Iq) St+At %

AL AL
F '%: ICJ o

PER AR kR RS gERAFESF FI FiO R kA E
#78 E.¥ 4 Penman-Monteith 2> %3+ 5

AR+ e, (&, —e)/r.At
U AIA+ A )]

(5-4)

2P Ry A 7F 1F 511 £ B & (netradiation flux density) > p 4_
FERZFAVE oA T F R RT 2 B e Aok A G
Boe s KEF fi’rajpitfpfiqu%l‘“‘ Ay Bk EF ORZE
Boy R REREVE g TR EFRES cFEGFET L
P ZFAcEd B2 Ao (Wetvegetative surface)® § @ 7 4 b
R EPERFABAEFRFSI L FF RO F A ()5 B
AR N S

AR, +pc,(e,—¢€)/ry,

W AlA ] (5-5)
g 20 T HggES A0 RS G 2HERED
AT
A+y
E,/E (5-6)

ST T Ay Iy

PERFREPN BT REFEE)TEH T E AL B
A EZFEIEIRE g R BTk s FE R FFF
(potential rate) > H Hc i "L 4|3 B % F 8 F(Ep) A 4o B 2. 84 F
-k 48 #% (Si)

E, =min(E;,S;) (5-7)
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KRR RS Fp A AR I E NN i g

Qﬁﬁg?a
A+y
E;= (Epj -Ey) (5-8)

T A+yA+rylry)

o E A E A R BRI A5 0 RTlER T -

PR o E i B R T GRS kR 2
Do BT grend A AR B L KR EH DY R
v RIS R T HrenE e f";}%@/}lfa,ﬁﬁﬁ R oRET R R

5% - (changes in snow water equivalent) ™ % g& 112 -k & o

FORRA R KA L A K (PR (PR 58 F AT
(34 5-9 2 34 5-10) > § F B(Ta) ) > ) T B R (Tain) FF > 477
Ok g 2P B TR RE Y EENET LIO R
BA R AR A TRA R R (Toa) » 977 R0 g A R eha) 50
BRATRAEREM T EAREN330R FEAEANERERES 2ZF
P KK S A KA R R S 4

P if T, <T..
T -T

Pp=c—m& a8 jf T <T<T -

s Tmax —Tmin min a max (5 9)
0 it T,2T.,

P=P-P (5-10)

3~ A &rqrd 3 ok & i ds (Unsaturated Soil Moisture Movement)
AT E U] A F R h AR50 5 #7F 1F 1 K (throughfall)
B gk R t?;/%i P BRG] o 2 EARA



4 50 i\m&fjhr& & ¥ 2 iZ70 (surface runoff) o & & 2

FE B8 SR A oo ke il i i o B B R

d)f & AR NTIEPE, TRIEDERM)AE D A
2 05 R T R R B K 2 L u A

R IEGRE G RFERETE BB E s, 27 k3

Bk A N EF R Bt e P T A kT E T st e
B 5 3% 5-11 % 58 5-12 ¢

dl(tglprAt _elt): PO - Pl(el)_ Eto - Etu - Es +Vsat _Vr (5'1 1)

dz((géﬂt _(9;): Pl(el)_ PZ(HZ)_ Eto +Vsat (5'12)

He QTR j e a1 &2 AR A R
AT RIE P A B k&R E DA 0 B BIEP 4
Bk ZAH 2R > Va2 2R K (rising water table)#d /1 7k
RO Vi A w i R AR (E A kB ApF) ViEt 4
BRI EvREA o T LA LR 2 RA P E I mE T R g .

4 ~ &g frih=x £ oo (Saturated Subsurface Flow)

&r fren=k 4 m s (Saturated Subsurface Flow)i# *  Wigmosta
FAFZ Dz e o=t £ G it 3% (quasi three-dimensional
saturated subsurface flow model) (Wigmosta et al., 1994)i& {7 3+ & >
;‘ﬁ’ﬁﬁ BAATHTFEE 2R T EXE "Ji"f?;)iﬂ’i’(.%i?

AT B R R B R R AT N BRI R
i [2(B] 5-4) 0 Apfrds TRV AP t e RELG )T H iR
oK S R B G

B T(t)i,jﬂi,j,kwk if Bk <0
alt), .« —{O t g0 (5-13)
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e | e
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725 4 I LB R F S 2 50 £ ERBPRIER LR
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Tear et al., 2005) -

5-34



2 =
E

g ET RGER L B s L AREEE R

2
¢ 3% Marxan ~ Zonation ~ ConsNet ~ C-Plan % 2 551 £ » H ¢ §ix 2

Joo =

REJE* cha £ 5 Marxan £2 Zonation(Moilanen et al., 2009) » Delavenne
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