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Climate and Land use Changes Impacts on Hydrology in a Rural Small Watershed
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ABSTRACT

The objective of this study is to evaluate the hydrologic impacts of climate and land use changes in a rural small watershed.
HadCM3 (Hadley Centre Coupled Model, ver.3) A2 scenario and LARS-WG (Long Ashton Research Station - Weather Generator)
were used to generate future climatic data. Future land use data were also generated by the CA-Markov (Cellular Automata-Markov)
method. The Soil and Water Assessment Tool (SWAT) model was used to evaluate hydrologic impacts. The SWAT model was
calibrated and validated with stream flow measured at the Baran watershed in Korea. The SWAT model simulation results agreed
well with observed values during the calibration and validation periods. In this study, hydrologic impacts were analyzed according to
three scenarios: future climate change (Scenario 1), future land use change (Scenario 1), and both future climate and land use

changes (Scenario III). For Scenario I,

the comparison results between a 30-year baseline period (1997~2004) and a future

30-year period (2011~2040) indicated that the total runoff, surface runoff, lateral subsurface runoff, groundwater discharge, and
evapotranspiration increased as precipitation and temperature for the future 30-year period increased. The monthly variation analysis
results showed that the monthly runoff for all months except September increased compared to the baseline period. For Scenario II,
both the total and surface runoff increased as the built-up area, including the impervious surface, increased, while the groundwater
discharge and evapotranspiration decreased. The monthly variation analysis results indicated that the total runoff increased in the
summer season, when the precipitation was concentrated. In Scenario III, the results showed a similar trend to that of Scenario II.
The monthly runoff for all months except October increased compared to the baseline period.
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A 5ol 9EAlE B % HE S Yoy Ao o)
A5 FHA, s, 2, 7R, 2 5 Rl YA
of Acket g3k wjE Aoz AAECH (Hong et al., 2009;
Shin et al., 2010). 7|3 SRR} offe} EX|o] 4 3 Ex|u}E
Hske EsH Qo] 3RS A= F8%h 840t (Chung
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et al., 2011). TA] E FAR Y] PHE Qg EF4H X499
7k AR f20] S7ME Zdsi SR, AT Alske
ko] 7445 op7]gkt (Dow and Dewalle, 2000). ZAo= 7]
%H@}Oﬂ o2 AR gkl et Aol Exolgrste] w
£ Gl Wt A7t EH O o]RofF o o= F
J‘?L—L HE7F 8% 849S ¢dAlste] 7|3 HsE W Ex|ol&-
W3 WES aresto] olof tigh kS AR oRE Hrle)
Qe W A0l olFolX|aL Yk
=£2]o] AL Choi (2008)2 HadCM3 (Hadley Centre Coupled
Model, ver.3)2}t 7153}l 23t 4H7H oA (International
governmental Penal on Climate change; IPCC)ol|A] A|A|SH=
SRES (Special Report on Emissions Scenarios) A2, B2E 7]
HEO 2 slo] 7|SHSAUR]| 0.5 551l 54 BAYAEES
ol-gsto] Ex|olgH3t Alufe] o5 A4kste HSPF (Hydrological
Simulation Program-Fortran) 22 &3l 49 +29%¢S ¥
7hetgict. 1 Ay fE2 7SSt wE vigdelA ®igtkst
o Ex|o]gHslol| wEbA= AR =] A 29 %7HA] WSt
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3l= Aog YUeRdth Praskievicz and Chang (2011)& U.S.
Environmental Protection Agency's Better Assessment Science
Integrating Point and Nonpoint Sources (BASINS) 2d-& o]
gato] 8719 EAA thEAAYE 71 $HEF Alue| 29t 2719
EAol-gRs} 4719 B3t AU s AEste] Ak FEk
718k Tu (2009)% CCCma (Canadian Centre for Climate
Modelling and Analysis) CGCM (Coupled Global Climate
Model) 3.13 7iLE EXo] gAY S HlgtoZ AVGWLF
(ArcView Gerneralized Watershed Loading Function) ©&
= 3l = HakE 2483 Qi et al. (2009)2 PRMS
(Precipitation Runoff Modeling System)& ©]&3dto] 7]&H
sl Exjo|gHsle] wE fE% M-S Bk

2] - Im et al. (2006) IPCC SRES A2, B2 7|5HH3E}
Ay 2] figt CCCma CGCM2 Zoj At} vl EX|u] &
3= CA-Markov (Cellular Automata-Markov) 7| ©]-&3}
o] =3t 718 SLURP (Semi-distributed Land Use-based
Runoff Processes) H@ol 2-§5t] 2P7FAe] 4RG3k &
A5l o™, Ahn et al. (2008)2 IPCC SRES A2, B2 7|53}
Age] 2o Hidt CCCma CGCM2 oA} 7He& SST-RCM
(Stochastic Spatio-Temporal Random Cascade Model) 7]
< o] gato] theAASH H SLURP dof 2-8ato] 4ok
S AT R A% HE Qlth Lee et al. (2008)
AU A2 771558 (Global Climate Model: GCM)
7|5 RS Alue| e 9l Exjolg oS 79l JiAdE CA-
Markov7|H 08 o]gsf] =78 M= o&51%om, Park
et al. (2010a) Park et al. (2010b)2 Ho|H AT} CF the
AU 7] gt CCCma CGCM2 A2, B2 Alu]e.9] wjg 7]
TR, WE CA-Markov 7IHel oJet wlz} Exjo]8Al7, ¥
NDVI®} Bat-2=2t0] AF3] Ao ozt wef A gate 55 &
ol d=sto] mjef 7|/t wE AR At fyol
2= GRS HkskL HAARl 7 7 (S, E%E
Al fE%2) HIkE B71skict. Chung et al. (2011)
2 SDSM (Statical Downscaling ModeD)Z} ICM (Impervious
Cover ModeD& o|-8ste] 7| 5Rizte}t B3ty o] w2
AlUe| o5 48kl HSPF BES ol8sto] =AY
WSS Akt

A AluE s vlHE AYste shue] ==, ulge] o
o gro] Mateth= oJulE 7= Ao| ofdzt shte] 7k
o7 oJgfisfior gt} (Bae et al., 2007). IEE ZGzA9
wre} 42} 715 9 EXjolg Avteled Tl A 4 glon
A3t 0 Aol guislol] g BEH9 HSuoke mAls
o17] fJeiAl= Hot oozt Aue] e 9 2z de] gt FF
< Ak ofof tigt FEgt HETL o|Fol Ao} gt

=

flo r

A 2 HY] FAL Al 7| $Heel Exolgsto] w
TE 2YY $E FFS Aok Aol olF Hal Al
TA5t9oH, HadCM3
PCC SRES A2 AlY2]LE 7]Hke = A 309 At=et o
717191 LARS-WGE ol&sto] Aeff 7|1583}t AwE A
Absteict. el EAjo] 813} d5E 918l Landsatd gz CA-
Markov 7|"& o853t 7419 EalidS fallA= SWAT
(Soil and Water Assessment Tool) 2&-S o]-&3s}3om =
ARE vigoR e BAS HAISHTE 5H SWAT
Tk YA 7]t 3 EX|ol§st AU eE o]8-51
ZF AvE] ool ME FE Af9Y 7 JFE 4815

Il. Mz L B

1. LARS-WG 2¥

A 7V RS 7o ® sl Fedaet e,
Fae, A7 9 Har)o viesret Wt W Al
A7)0l 0 CHOy W2 Jo] Bx Fir]jo] 30 Co
ol Fo] BE 52 wieE E8ste] A 7RES AR
t} (Semenov and Barrow, 2002; Hong et al., 2009). |24
APgE o7 REES FEl 7ISAEE AR, t-test@l F-test
£ 5o 2oH 7I$ARY Hatd}h fAko] WEA #hat sUet
BRoA AE ARJAAE EASH| Hrt Semenov and
Barrow (2002)°]] W=H o3 7]7F F2t 2ojH 7|$AR9] &
AZ 5ol AR FAE EA4)
et al., 2010).

LARS-WG ver.5.0041i= 2671 GCM#} IPCC SRESe]l &Jgt
AlB, A2, Bl HiEAIUY2 25 AlFstal glom & dAtofi=
HadCM3 A2 Alu2| 25 AEseith. HadCM3+= 9=79] Hadley
71%0 2 AFAIE (Hadley Centre for Climate Prediction and
Research)ollAl 73t Bz A AlA9] S22 Bzl A&
A aesto] JpEEQoH, d7|R=Y (HadOM3)2} s
(HadM3)& Hd=]o] Qlct ti7]Hee 19709 b= ol
™ 2.50°%3.75°9] SEE 7HA]AL Qlom s Ee] B9 20
Mol glE A= 1.25°%1.25°9] SjAES Ade}. HadCM3
= GCMY| 29l F sfUE 7|3} Alue] o5 HAst] 9]
Md=Gem si4=9] 32k FEI} A %9 32k A= 2
gisto] HAgich HadCM3e A 29l HadCM2ollA T2ist
A ZE 7IAE (gas)e 18T 4= 9lon I} o5E =
a7 ek 1Al 45 (flux) S w2 a4x] Yot =
o] Stk (Lee et al., 2010).
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2. SWAT 29¥

U s TR0l AEE 22w 2Yd
SWAT H&g thafite] H313 oA A7|e] 243 o
gt TR EYH Exolg ¥ Bl AFel wE =3 A

4 FYREE] AsS Bt 4= =S /=T (Arnold
et al,, 1998). SWAT H&2 thefh =7} 9 ZopolAf 2 &
FAS Bosy| 93 AE3 9 2yow QA glow
AR T 7)150] F7lEn B9E1 9t (Neitsch et al.,
2005; Gassman et al., 2007; Douglas-Mankin et al., 2010).
2 Aola= SWAT20058 4851500, SWAT 2 9i%t
AR HOAABRLS: Al E5h GIS (Geographical Information
System)@} 44, 7V3AkR, RUY =95 she] SHAAES
2 =8 4 e ArcSWAT (Winchell et al., 2008)& o8&
aFltt SWAT 232 7uhg-9] Ae|e Exjolgal B
EA4 9 2798 7IR0R RS FESEHTY (hydrologic
response unit, HRU)E ARSI}, ZF =E-SHE ol s &=
of7F Em HA Foo gt FE55 2oskr] sl sed
1S AXA Heh SWAT @M= AEH 45 (surface
runoff)& AXKSH] $J3l NRCS &34 (NRCS, 2004)2F
Green and Ampt AEH (Green and Ampt, 1911)9] F 7}A]
S Algstal glot. 2 dAFolAE NRCS 234 o
a3t

oL

op

3. CA—Markov 7|4

CA-Markov 7|8 Markov Chain 2@} Cellular Automata
(CA)Q] o|24 AAP7} Afet etaA 7ot} (Park et al,
2008). Markov Chain 7% Whet= A5l s 574 A=
go] Hah} WHIAS ekt 83 £A47|HoR o]
ARolu AR AT} iR o] Aoy A e QA
AAE= g4 1A oltk Markov chain 7S @A EX|o]
80 Hake HaRe & wirgdshks S 7HAAL QIAEE ATt
Hstelete Mol g2 M dAst BE Ao Y5l
HEE= g 7|2 7H o R 7| wZol AAIAHe EA] 0&
Hako] A3rs Yelyr] st webA, AAE 3RS B
ofgto] glo] dAF 1HA9] FolHFE 7= AR W3kt
< s =W F43 HElES 7= SRS Aol
ojggo] W2, o] Y-S CA 7|H& AREdte] Btk & 4=
Utk (Park et al, 2008). CA= HIAY F2 Byozu 53t
A Ede A8 2ofehr] ffsf 1963 John von Neuman
3} Stanislaw Ulamol] &J8} ‘Celluar Space’® a7|% o]=2 |

Aoltt. CAE oJAbAol AlF7t (discrete time and space)ol]
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719kt HAY B4 1Yl 32 ARl o R AoJE T (Gutowitz,
1991). CAS 71@/de AR e] AEo] 4] Hdol+t
2w} ohe AR WekE L, o] dgo] A& o R HiHRE]
A AF0] 2712218} (self-oganization)S O] 2t= Zlo|H,
CAE FA3k= 71884 AAFY AF7t (cellular space),
Ao] Al (cell state), HO|HZE (neighborhood), Ho]7t2]
(transition rule), A|ZF (time step)©]t} (Choi, 2003).

CA= 99 7HE EUE AAYE 3RS M3l <
3t A%} Az, Wkl el FEdor HBAIHCEN AY
AHAAS] e A&H o2 ML AZFAA = 5
(focus cell) 9ol 1Mt = AAE9] S gst
HE A, U =2 7o) ofs A%Heh a2
o] Alo] Al7|HE ofgA| Wl A& Fst=d 7]l
AFAAZY] 1t AA7F Be=lo] Slct #iske A

Ape] A ABIAIA WA dano] Bud SAn

THTY 10
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> 2o
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N
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e d

Hee 14 U nold 4 glon WERHE BE A% F
QoA HgH FEFHOR AHel BAHE AU 9o

CAoA 7} F83t a40|t} (Lee et al., 2007).
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4. oy

19

U 227

A

\J

a7 7he

2 A ofals SWAT B39 ufzfii4=e] By 9 7| $rastet
EAo]§ Higol w2 f9 #7 GRS A5 Slstel 47
= SPA] Bt dekHel $IAe Heki-ole] HP#6 479
S AEfgor AAsct (Fig 1). HP#6 2f9e] HA

o
385 ha, #2422 3.1 km, F#GAF 1.6 mkm$iaL, F4AS

40

Groundwater level gauge

Fig. 1 Monitoring networks of Baran study watershed (Kim
et al., 2009)
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7F 15622 ARe] Afoolnt. HP#6 549 sPdeirtas
199678 1998 897MAl= 27| 9IAIE 1998\ 94U+ H
= g4 FUAE AAsH TS Qo fRAEE 5k
FHEH digt - HHAE AR =4k (Kim
et al., 2009).

L}, EX[O[8=

TFolAe AIERAY BEXE ERE Sl 7Ish ol
H=HE2 (supervised classification)
£l EA9ES ERsIeIth HP#6 £+
AFYoR EXfolg Y7} Teslo] &7, AR, = i,
& oMY ERdEeR EREeH, 19909 44 26
% Path 116/Row 34 Landsat-5 TM %GAY+ 200249
10¥ ¥ 20079 49 999] Landsat-7 ETM+ G4+& o]
Ik YIS BEFHER]4 (soil brightness index),
EMAMA S (green vegetation index), 18|11 EQFEER]|S:
(soil moisture index) 59 ABAFE ARgSto] Z{ oo
ofgt BEXIEERE 3530, ofF HIgORE 1990, 2002,
20079 EX|ol§=g 2Mdstgltt. we Ex|ol8E M2 CA-
Markov 7] o]83fo] 19908 EAo] &=} 20074 EA|
o] LEE o]83le] 20208S oS3t

b
[e]
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Ct. LARS-WG 28 xt2 7=

7|eRsH= @AY ZAolA A7) HtAl 7137t vl
off oJgA MslEl=71E Kok AR B AFoiE 309 &
ko] AArE 7|E0R AU E AAkstaat akltt. o -
el AtolAE 30| ©91e] H7ke HEFoR Agsial gl
7] wjolt} (Bae et al., 2007). 7| EH31E 1est A 714
AR WS flsto] U7 19739 ~ 2004 @7H4] 2 30
dztel d a7l A7, A5 dYEARE ARE ¢
etk

2t SWAT 28 Xtz 3=
SWAT 2He 7AAtR, $AEIRY Exo]d: EYE

Table 1 Parameter values for runoff simulation

e FRE k. & AFeld= 1/5,000 NGIS (national
geographical information system) $R|A|EQ} EEZT 30|
1/25,000 FUEFE=E o 853Ick SWAT HFoll Q= s}
© EYEA A5 sY 7 IedolA 15T s UEFHEA
AEII} Saxton et al. (1986)9] AIE o|gsto =315, E
AolgE= 2002 ARE olgstglon, 5 o HuE o
HAAew, AN AEE 50 7R} 749 RE LARS-
WG Hgs 22 +d71dde] Awg ol gsigitt. 4792 23

ME 233

5. SWAT 2g°| 23

SWAT Hge W2 0] u7fesS EFskaL glof Al
A Sle AEE 47] sliMde el mizisiee] 4o 2
a3t 2 Ao 2P BAS sl deAlReS
ol-gst3lom, uj7fHa=o] HAo| gt WIS fJel BHAlEE
22 (root mean square error, RMSE), AltBEAAt)at
(relative mean absolute error, RMAE), Nash-Sutcliffe &
A4 (efficiency index, EI) (Nash and Sutcliffe, 1970), 2%
A () 59) BARQ Wks A§319ct (David and Gregory,
1999; Moriasi et al., 2007).

. 2 il
HP#6 4598 dio 2 1997d5E 200097H]9] AZH +
=% ARE olgsiilom, AL f5 20019RE 200497
A9 A4S olg3tgleh. 2 f=oll BluA 2 JFS F=
j7fss= CN2, SOL_AWC, ALPHA_BF, GWQMN, REVAPMN
SOo& FAEoH Table 1 t/RAolA =& gt
i) AR HofqEan glrt,
Table 2= 239 B4 9 HJAAIS HofFal glom, &

Parameters Definition Unit Initial value Calibrated value Range
CN2 Initial SCS runoff curve number for moisture condition II - - V4 0-98
SOL_AWC Available water capacity of the soil later mm/mm - v 0.08 0-1
ALPHA_BF Baseflow alpha factors days 0.048 0.01 00-1.0
GWQVN Threshold depth of water in the shallow aquifer required for o 0 100 0 - 5000
return flow to occur
REVAPMN Threshold Flepth of water in thg shallow aquifer for “revap m 0 500 0-500
or percolation to the deep aquifer to occur
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Table 2 Statical summary of calibration and verification
results for daily runoff in the study watershed

Statistical criteria Calibration period | Validation period

Mean daily runoff

Observed (mm/day) 2.81 2.80

Simulated (mm/day) 3.01 2.21
Root mean square error (mm/day) 4.34 4.03
Relative mean absolute error (mm/day) 0.47 0.52
Determination coefficient 0.88 0.82
Nash-Sutcliffe efficiency index 0.88 0.83
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Fig. 2 Observed and simulated daily runoff over the cali-
bration period for the study watershed
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Fig, 3 Observed and simulated daily runoff over the vali-
dation period for the study watershed

PO Ao ARgH =77t thsto] RMSE: 4.34 mm/day,
RMAE: 0.47 mm/day, R*= 0.88, EI= 0.839] 72 B4t}
78717kl tieiA= RMSE®= 4.03 mm/day, RMAE= 0.52
mm/day, R 0.82, EI:= 0.839] 3+ 2.9th Moriasi et al
(2007) EIZ} 0.75 oPdold =] Ay} ¢ vhEAe|e
Avtela ®Buskglth Fig. 29 32 BA 2 AX7|7HE 7
goll M2 fEe] AEXet Hojx|o] HEkE HojFal 9t
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7IZAUR| S Agste] vl A VAERE BYE] A
LARS-WG =39 #|¢ 7|5 wo] A3HdS =48k flste]
FAR Y] WA A2 7)AAES; LARS-WG 2ES 5o}l
woly 7 dtRE vlastal HAS T LARS-WQ BEe =
o 71AtRe mi7iHa=e] HAS I8 Q-Test £4= g
skl glom #E AuE BYGo R sPgsial mojH 714}
o} M| Hatyk fHAbl tigt A or HrksHA Hot
(Sermenov and Barrow, 2002). 24435 &3l &9 P-
value (probabilities)i= WO 7[dxtaet A% 7A=Y &
oS WLksh= o 0.058Tt & AL Ys mide
= it 4 Qe oo weEn, 00150 2R ¢
frolido] gickar Bt (Sermenov and Barrow, 2002; Hong
et al., 2009). Q-Test A3} P-value7} ZE gEof disf 0.05
Hop 2 0% yept m3o] Aol Fert gl Zlow o
Hct.

Lt &2l 714%tE 4y

A5H LARS-WG 2&& 5319 HadCM3¥ A2 AlUE|eE
2 asto] BA7)7kel 2025s (2011~ 20409)9] 7AARS B
AAFALE. Table 3 AE E9 HA7)L, i), o,
e FE AL U RJof| tjste] BATE ATRE Kol Qi) 2025s
o= YR HA7I 9 Har]Re] 7]EdE (1973-2004)00
Hlgte] M Z7kele RS BYaL e 3,5, 9, 10¥S
AQlstie BE 7k AR Uepth 799 sk st
7} 22 %= 7P Flow 193 599 sk W) thgoz
T AR Yepith HokEAlUA|Y] B B asks e
S Btk

3. deil EXo|E Hat

Table 4= Landsat @4 ©ol-&sto] ZHdH 1990, 2002,
2007¢2] Exo]l &% W CA-Markov 7]%& o|gd}o] of=H
20209 EXol§=E Hojal Qlok ART =2 A& 4st
= A% Holon, AR AL Skl Aem #AHS
o} @] 9= 2002990l AAaskiltkrt 201090l 718t
qlom 20209 o5E WAL Asks Zo® YT 2020
Holl= A7} 499 46 % AEE AT Aoz d=EY
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Table 3 Characteristics of generated weather data from LARS-WG (monthly mean values)

Min. Temp. (C) Max Temp. (C) Rainfall (mm) Solar radiation (MJ/mt/day)
Month Base 2025s Base 2025s Base 2025s Base 2025s
(1973-2004) (2011-2040) (1973-2004) (2011-2040) (1973-2004) (2011-2040) (1973-2004) (2011-2040)
JAN -7.6 -6.5 2.1 3.2 20.6 22.6 7.75 7.61
FEB -5.3 -4.5 4.6 5.3 23.3 23.9 9.73 9.60
MAR -0.2 04 11.1 11.8 37.6 37.0 12.66 1247
APR 5.6 6.2 175 18.1 79.8 80.0 14.98 14.78
MAY 114 12.1 22.7 23.3 71.8 774 16.35 16.25
JUN 17.2 18.1 26.4 27.2 119.3 123.5 15.27 15.04
JUL 21.3 22.1 28.3 29.1 278.3 339.1 12.77 12.29
AUG 21.7 22.3 294 30.0 266.9 279.3 13.24 12.81
SEP 15.7 16.4 25.7 26.3 123.3 117.2 12.96 12.82
OCT 8.4 9.1 19.7 20.5 59.9 57.7 11.26 11.20
NOV 1.9 3.0 12.3 13.4 50.4 54.1 7.96 7.83
DEC -4.1 2.7 5.2 6.6 30.3 33.6 6.68 6.53
Table 4 Land use classification of the study watershed
Land use 1990 2002 2007 2020
Area (km?) Percentage (%) Area (km?) Percentage (%) Area (km?) Percentage (%) Area (km®) Percentage (%)
Forest 2.40 62.3 1.96 51.0 1.67 434 1.37 35.5
Paddy 1.00 26.0 0.74 19.1 0.61 16.0 0.51 13.4
Upland 0.23 5.9 0.18 4.8 0.28 7.2 0.21 5.4
Built-up 0.22 5.8 0.97 25.1 1.29 33.4 1.76 45.7
Total 3.85 100 3.85 100 3.85 100 3.85 100
th Fig. 4+ 72t A9 EXol§Ls Kol Qlrk S7kle Aom yepton ST 1 % —ﬂﬂ% now
EAE o= AN 715 Aue| o] et R 7
4, 7|=H3 2 EX|0|8 Halo| ME szHst 24 20| S7137] flizolth. EAJol-§a} Alute] ents aegt 4
o ) © (Scenario 1I) EXJo oAl o] B8 A4
B o J|gsieh BAolg sk mE R 2R 0L 7“,] Lemofﬂ;; A]*Ujm] ;};}"
$ BHP] Slotel T Aeleg PEsk wgm swar S0 T S ST T O j
s, olasten AEE (107 200mde] et e g A B B Lol ARG S50l B9t Ak
Yo BRI AURen 2717t 2025s (2011~ 2040) T D6 JTos mi Rl gabol dagte] wet 202550l
of o) 7|5iskke TRt ARl (Seenario 1), A & ool Vo A RHEWE 3 % AE F2TE 24 % ST
Ao]- &S &3 AJU2] 2 (Scenario 11), Al EAJo]& gk o S f=3E 14 %, Aske 128 16 %, A
0 /FEAE BE TR A (Scenario T sy = 7 % HESHS SO RIS, Tlglsieh £xjofg st =
otk T2 123t 4 (Scenario 1) EX|o-&HASIES: 1123t ¢
(Scenario 11)€} FARGH 743kE Holom, 749sf 9 ER4H
I} 4% wat o] B wA} Zkatel wel AT GEo] 37 % 2751
NEAEE V208 Aeled nE dibgelo] gRety  OP W AR §EE T @ gashs A0R Yt S
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Fig, 4 Landuse map of the study site

Table 5 Results of hydrologic simulation using land use and Table 6 Results of monthly runoff simulation using land use

climatic scenarios and climatic scenarios
ltem Base [Scenario I |Scenario II'|Scenario I Base Scenario I Scenario II Scenario III

Evapotranspiration (mm) 374|378 353 355 Month | Runoff | Runoff | Change | Runoff | Change | Runoff | Change
Surface runoff (mm) 359 400 444 491 (mm) | (mm) |rate (%) | (mm) |rate (%) | (mm) |rate (%)
Lateral subsurface runoff (mm) | 206 | 221 177 189 AN | 225 251 16| 204) 93| 230 22
Groundwater discharge (mm) 219 | 237 187 203 FEB 00| 211 55| 191 45| 200 00
Transmission losses (mm) 8 8 8 8 MAR 25.3 26.1 3.2 25.3 0.0 26.2 3.6
Total runoff (mm) 776 850 800 875 APR 43.6 44.6 2.3 46.4 6.4 475 8.9
Percolation out of soil layer (mm) | 227 245 104 210 MAY 42.4 42.6 05 45.3 6.8 45.6 75
JUN 67.1 69.4 3.4 71.9 7.2 4.5 11.0

L} g4 QF8t ﬁﬂ JUL 165.8 | 2104 269 | 1772 6.9 | 2244 35.3
Table 62 7|2UE @ AUe) o] 2 Yy 9ZekS Woj AUG | 1715 | 1855 | 82| 1821 | 62| 1959 | 142
231 olch A 7|SHslkS T3t A< (Scenario 1) 20255 SEP | 928 | 921| -08| 4| 17| 9%28| 00
o= 7|12dEe] Hjg 99 xﬂqs}—r_h_ HE Zjlels Aoz OCT | 538 550 22| 514 | 45| 522 -30
Vet s dizo] 7 FHd 79€os 7|EE T H]E NOV 40.6 44.1 8.6 38.1 -6.2 41.7 2.7
27 % Z7= Aoz Yehdon 119, 129 199 9= DEC 31.0 34.2 10.3 279 | -100 31.2 0.6
Hale 2 Aoz BAEQr) A EX|o|8H3e 1Hsl= Total 7764 | 850.2 95 | 799.5 30| 8750 12.7
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Zagtel wet et AR B Aol B o539 el %% 108S Agstales fE%0] 25 S7kke 20%
FET SV 2R S7HE s AJgkeol| o3t fEE UrEpstTh
o] ko] 7k& 9 ALHY fEHS Hhste AR B ojHY 7] 5H3t 9l Ex|o] gt wet 475k Q4hE0]
o}, A Exolg 9 7|$RskE B At Alvke] 2 (Scenario FEFS W= AoR yeptor, AAAeos Xx e U A
D)o} 7% 10¥< Alejstils A%l 25 76k 222 A FEFE S7ks AR Ueiyth & A+ dd= oY
UFER T gt 7155t 9 Ex]o]g- Wsto] tigt o|aiE FaL oo wE
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