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1. Introduction.

One of the key problems of future hydrology is the impact of climate change on catchment,
maximum flow response, and prediction of extremes. The daily maximum river flow simulation,
particularly annual, seasonal and monthly in the Kaczawa river catchment for future climate

conditions given by different scenarios are presented in this paper.

2. Methodology.

On the basis of a 28-year data series (1981-2008) for 16 stations of meteorological network within
or around the Kaczawa river catchment, basic climatological characteristics were computed
(Iwanski and Kuchar, 2003; Wilby, 2007). Then, spatial correlations between variables and stations
are added to the characteristics. On the basis of information coming from three climate change
scenarios (GISS, GFDL and CCCMA) for years 2060-2080 basic climatological characteristics
were modified (Wilks, 2010). Then, spatial weather generator SWGEN is used to produce 500 years
of synthetic data on potentially possible weather course, 16 stations, given time horizon and
scenario. The year 2000 as the background of the potential changes in catchments flow is used
together with 500 years of synthetic data.

The SWGEN model generates precipitation by means of the first-order Markov chain to determine
the occurrence of wet/dry days, and then for the amount of rainfall multidimensional two-parameter

gamma distribution (Iwanski and Kuchar, 2003):

(I'm(a1,B1), ... , Tm(ak.Pk))

where m 1s the number of months (m=1,...,12) and & is the number of locations, while daily values

of solar radiation (SR), temperature maximum (Tmax) and minimum (Tmin) are considered as a

multidimensional time series AR(1) in the following form:



Xt =DOm X¢-1 + &
where Xt and X¢-1 are vectors (m x 1) of normalized values for all three variables for day ¢ and #-1,
et 1s a vector (m x 1) of independent random components normally distributed with vector of mean
equal to zero and matrix of covariance Xy, and @y (for m=1, ..., 12) is a matrix of parameters. In
the next stage, generated data were applied to hydrological rainfall-runoff model NAM to simulate
maximum river flow for closing water-gauges. The catchment flows are evaluated with a different
temporal step (one day, five days and ten days) and characterized by probability distribution
functions. The Pareto pdf for daily maximum river flows within the year is used as the best

distribution fitted.

3. Results.

The simulations of daily maximum flow in river catchment were done at discharge point for time of
horizon 2040, 2060, 2080 and 2000 as a background. Three climate change scenarios (GISS Model
E, GFDL Model R15 and CCCMA Model CGCM1), and number of generated years (500) for each
case, with total of 5000 (3x3x500+500) years were considered. The NAM model computed for a
given year (season, month), a daily flow at discharge point, and maximum value was chosen to
estimate parameters of density function. It means that the parameters of Pareto probability
distribution were estimated for 10 (3x3+1) combinations, based on 500 computed maximum flow
each (as well for seasons and months). Additionally, moment characteristics, confidence intervals

and critical regions were computed.

4. Conclusion.

The application of spatial weather generator SWGEN combined with hydrological rainfall-runoff
model (NAM) and climate change scenario, gives various possibilities to study changes in the river
catchment coming up to 60—80 years. The probability distribution of the maximum river flow gives
detailed information on the moment characteristics, confidence intervals and critical values. In case
of maximum daily flow in the Kaczawa River, the catchment shows significant changes depending

on the climate change scenario and time to lead.
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Beenenue. OqHOM U3 KIIOYEBBIX MPOOIEM THAPOJIOTHH SBISICTCS BIWSHUEC U3MEHEHUH KJIMMara Ha
BOJIHBIE pecypchl OacceiiHa, MaKCHMaJIbHBIE PACXOJbl, a TAaKK€ BO3HHMKHOBEHHE YPE3BBIYAMHBIX
cutyauuii. IlpeacrtaBiieHbl pe3yabTaThl MOACIMPOBAHUS MAKCUMAJIBHBIX PACXOlIOB ISl PEKU
KadaBa ¢ cyTouHBIM 11aroM B TOJIOBOM, CE30HHOM M MECSYHOM HCYHUCICHUH s OYyIyIIux

KIIMMaTHYECKHUX YCIOBUH, IPOEKTUPYEMBIX COTJIACHO N30paHHbBIM CIICHAPUSM U3MEHEHUH KIMMara.

Metononorusi. OcHOBHas KJIMMaTU4ecKas XapaKTepUCTHKa Oblja MOoJACYMTaHa Ha OCHOBe 28-
JeTHUX MnociuenoBaTenbHocTel gaHHbIX (1981-2008), momydeHHbIX ¢ 16 METEOpPOIOTHMYECKUX
CTaHILIMM, pacHoJIOKEHHBIX Ha TeppuTopuu OacceliHa pexu Kauaa (Iwanski and Kuchar, 2003;
Wilby, 2007). 3arem HaOop MAaHHBIX ObUI JONOJHEH MPOCTPAHCTBEHHBIMH KOPPEISALMSIMHU.
Ucnonw3ys pesynbrarel Tpex creHapueB n3menenuit knmmmara (GISS, GFDL u CCCMA) nHa roapl
2060-2080, ximMMatuyeckas XxapakrepucTtuka Obiia Moaupuuuposana (Wilks, 2010). Ha
OUYEpeIHOM 3Tare MCIO0JIb30BaH IPOCTPAHCTBEHHBIH T'€HEPATOP METEOPOJIOTUYECKUX AAHHBIX IS
nonydeHuss 500-I€THUX CHHTETHYECKHX I0CIENOBAaTEIBHOCTEH CYTOYHBIX METEOPOJIOTHMYECKUX
JaHHBIX BO BceX 16 craHUusAX A aKkTyaldbHbIX KiaumaTuueckux ycioBuil (2000 rox) wu
MOTEHIMATIBHBIX KIMMAaTUYECKUX YCJIOBHM, MPOTHO3UPYEMBIX COIJIACHO JaHHOMY CIIEHApHUIO
M3MEHEHMsI KiIuMara U Tropu3oHTy BpemeHu. 2000 roj ucCHoJib30Bajcs B KadecTBe (oHa Jyis

IIOTCHIIMAJIbHBIX H3MCHCHUHN pPacxoa0B.

Mogens SWGEN renepupyer armocdepHble OCaIKH, HCIOb3ys nenb MapkoBa | psga, mist

OTpEJeNIeHUs] COCTOSIHUS JHS (I€Hb C OcajKkaMu/IeHb Oe3 OCaJKoB), a 3aTeM IpU IOMOIIHU

MHOTOMEPHOT'0 T'aMMa-pacrpeaenaeHus naeT Benuuuny ocaakos (Iwanski and Kuchar, 2003):
(I'm(a1,p1); --- » Tm(ak.pk));

rae m obo3naudaetr mecsn (m=1,...,12), k sBusercs HOMepoM cTaHuU. CyTOYHBIC BEITMYHHBI

cosHeyHoro u3nydenus (SR), temneparypsl makcuManbHOU (Tyaxc) U MuHUManbHON  (Tyvum)

TeHEpUPYIOTCS KaK MHOTOMEpHBIN BpeMeHHOU psigi AR(1):

Xt =OmXt-1 + &t



rae Xt u Xt-] ABIAOTCA BeKTopaMu (m x 1) cTaHAapTU30BAaHHBIX BEIUYMH JIS BCEX TpeX
MEPEeMEHHbIX Uil JHSA ¢ U f-1, &  sBIsSeTcs BeKTOpoM (m X 1) HE3aBUCUMBIX BEJIMYHH C

HOPMAJIbHBIM PaCIpElEICHUEM CO CpEJHEH BEJIMYMHOM PABHOM HYJII0 M KOBAPHUALIMOHHOMU

MaTpulen Xm, a Takke Om (118 m=1, ..., 12) aBisgercs maTpulel napaMeTpoB.

Ha ouepennom stane, uCnonb3ysl TEHEPUPOBAHHBIE JAHHBIE M THIPOJIOTMYECKYIO MOJIENIb OCaIKU-
ctok NAM, mnonydyeH MakCUMaJIbHBIA PAacXoJ B 3aMbBIKArOIIeM cTBope. Pacxoapl ObutH OIIEHEHBI
JUIsl Pa3HbIX TEPUOJIOB BpeMeHHM (OJUH JE€Hb, MATh JHEW | JecATh MJHEH), a Takke
OXAapAaKTEPU30BAHBI NPU MOMOILM PACHPEICTECHUN BEPOSATHOCTU. J[JII CYTOUYHBIX MaKCUMAJIbHBIX

Pacxo/I0B B rOJIy UCIOJIb30BaHO pacnpeeicHue [lapeTo kak HanboJiee moaxosiiee.

PesyabraTel. MojenupoBaHue MakCUMalIbHBIX PAcXoJOB Ajs OacceiiHa  OBLIO BBHINOJIHEHO Ha
ypoBeHb 2060r u 2080r, a Takxke as akTyasibHbIX yciaoBuil (2000 r) B kauecTBe (hoHA U3MEHEHUH.
Ucnonws3oBansl Tpu cuieHapus msmenenuid knumata (GISS Model E, GFDL Model R15 u CCCMA
Model CGCMI1), Bemonneno renepupoBanue S00-IETHUX TOCIEIOBATEILHOCTEH CYTOYHBIX
JaHHBIX A Kaxzaoro ciydas. Moaenb NAM oneHwia CyTOuHble MaKCHMajbHbIE BEIMUYMHBI
pacxo/10B, cpeid KOTOPBIX MaKCUMaJIbHbIE BEIMYUHBI B TOy (Ce30HE, Mecsle) ObUIM OTOOpaHbl IS
OLICHKH IapaMeTpoB pacrpenaeneHus BepositHocteil. [lapamerpsl pacnpenenenus [lapero Obuin
oneHensl A 10 (3x3+1) komOunanuii Ha ocHoBe 500 HAOIIOACHHBIX MAaKCUMaJIbHBIX PAaCcX0JI0B.
JIOTIOTHUTENBHO MOJCYUTAHBI OCHOBHBIE MOMEHTBI,  HMHTEpBAJIbl JIOBEpUS U KPUTHUECKHE

BCJIINYUHEI.

BeiBoabl. [IprMeHeHre TpocTpaHCTBEHHOTO reHeparopa Mereoposiornueckux qaHHeix SWGEN B
COYETAHMM C THIPOJOTHYECKOW MOJENbI O0Caaku-CTOK NAM, a Takke CUEeHapusMH M3MEHEHHU
KliuMaTa, oOecrneynBaeT MpPOBEJIECHUE HCCIEAOBAHUN IMOTEHIMAIbHBIX H3MEHEHUH B BOIHBIX
pecypcax OacceitHa B mepcrnektuBe Ha mnepuoa 2060-2080 rr. Pacmpenenenuwe BeposTHOCTEH
MaKCHUMAaJIbHBIX pPacXOJ0B JaeT MOJIHYI0 MH(QOpPMAIUI0O O MOMEHTaX, WHTEpBaJIax JOBEpHUs U
KpUTHYECKHX BelnuyuHax. B ciayuae MakcumanbHOro pacxonga uisi pexku KauaBa, oTmeueHO
CYLIECTBEHHOE M3MEHEHHE PACIIpPE/IeIeHUI B 3aBUCHMOCTH OT BBIOPAHHOTO CIEHapus MU3MEHEHHH

KJIMMaTa U IPOTrHO3UPYEMOT'0 BPECMCHHOI'O YPOBHS.



