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Construction of Basin Scale Climate Change Scenarios by the Transfer
Function and Stochastic Weather Generation Models
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Abstract

From the General Circulation Models(GCMs), it is known that the increases of concentrations of
greenhouse gases will have significant implications for climate change in global and regional scales.
The GCM has an uncertainty in analyzing the meteorologic processes at individual sites and so the
“downscaling” techniques are used to bridge the spatial and temporal resolution gaps between what,
at present, climate modellers can provide and what impact assessors require. This paper describes a
method for assessing local climate change impacts using a robust statistical downscaling technique.
The method facilitates the rapid development of multiple, low—cost, single-site scenarios of daily
surface weather variables under current and future regional climate forcing. The construction of
climate change scenarios based on spatial regression(transfer function) downscaling and on the use
of a local stochastic weather generator is described. Regression downscaling translates the GCM
grid-box predictions with coarse resolution of climate change to site—specific values and the values
were then used to perturb the parameters of the stochastic weather generator in order to simulate
site-specific daily weather values. In this study, the global climate change scenarios are constructed
using the YONU GCM control run and transient experiments.
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3. SAEE L7180 XAl (IPCC, 1996)

Region [Technigue| Predictor [ Predictand [Timel . Author (s)
Africa
South Africa | TF C i P | D [ Hewitson and Crane, 1996
America
USA wT T Tmax, Tmin D Brown and Katz, 1995
USA WG C P D Zorita et al, 1995
USA WG, TF | C, T, VOR P D Wilby and Wigley, 1997
USA TF C. Q P D Crane and Hewitson, 1998
USA WG, TF | C, T. VOR T, P D Wilby et al., 1998a, b
USA WG, WT C T, P D Mearns et al, 1999
USA TF C, T, RH W T D Sailor and Li, 1999
USA WG P D Bellone et al, 1999
Mexico and USA TF C, TH, O P D Cavazos, 1997
Mexico and USA | TF, WT C.TH, Q | P D Cavazos, 1999
Central Argentina TF C, W | T, Tmax, Tmin M Solman and Nufiez, 1999
Asila
Japanese coast TF C Sea level M Cui et al, 1995, 1996
Chinese coast TF Sea level variability | M Cui and Zorita, 1993
QOceania
New Zealand WT C Tmax, Tmin, P D Kidson and Watterson, 1995
New Zealand TF C,THVORW T, P D Kidson and Thompson, 1998
Australia TF C Tmax, Tmin D Hen desrzgﬁlz%retllz?g 1997
Australia TF C Tmax, Tmin D Schubert, 1998
Australia WT C, T P Timbal and McAvaney, 1999
Australia WT Schnur and Lettenmaier, 1999
Europe
Europe WG VOR, W Conoway et al., 1996
Europe WG, TF C’TP’ _Tmax, T, P D Semenov and Barrow, 1996
min, O
Europe TF C*TW*QV8R’ T, P M Murphy, 1998a, b
Europe TF C T, P, vapour pressure| D Weichert and Biirger, 1998
Germany TF T Phenological event Maak and vanStorch, 1997
Germany TF C Storm surge M Von Storch1§é17d Reichardt,
Germany TF Salinity Heyen and Dippner, 1998
Germany wWT . Thunderstorms D | Sept, 1993
Germany TF Ecological variables Kronke et al, 1998
Iberian Peninsula WG C P D Cubash et al., 1996
Iberian Peninsula TF C Tmax, Tmin D Trigo and Palutikof, 1998
Iberian Peninsula TF T.P Boren et al., 1999
Iberian Peninsula TF T, P Ribalaygua et al, 1999
Spain (and USA) TF C Tmax, Tmin D Palutikof et al, 1997
Spain (and USA) TF C Tmax, Tmin D Winkler et al, 1997
Spain WT D Goodess and Palutikof, 1998

%) Technique (utilised in the above categories):
WG = weather generators (e.g.. Markov-type procedures, conditional probability).
TF = transfer functions (e.g.: Regression, canonical correlation analysis, and artificial neural networks).
WT = weather typing (e.g.. cluster analysis, self-organising map, and extreme value distribution).
Predictor variables: C = circulation based (e.g.: sea level pressure fields and geopotential height fields).
T = temperature {at surface or on one or more atmospheric levels). TH = thickness between pressure levels.
VOR = vorticity. W = wind related. Q = specific humidity (at surface or on one or more atmospheric levels).
RH = relative humidity (at surface or on one or more atmospheric levels). Cld = cloud cover.
7G = spatial gradients of the predictors. O = other. ] )
Predictands: T (temperature); Tmax (maxinum temperature); Trmin (minimum temperature); P (precipitation).
Region is the geographic domain.
Time is the time-scale of the predictor and predictand: H (hourly), D (daily), M (monthly), S (seasonal),
and Af(annual).
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the applicaion of Climate Impact Assesment 5l
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I 5. YONU GCMoil ofsf zold J|alHs X7

Daily Description
Temp Mean temperature
Tmax Maximum temperature
Tmin Mimimum temperature
Mslp Mean sea level pressure
P500 500 hPa geopotential height
P850 800 hPa geopotential height
Rhum Near surface relative humidity
Shum Near surface specific humidity
S500 Specific humidity at 500 hPa height
5850 Specific humidity at 850 hPa height
pP_f Geostrophic airflow velocity
P_z Vorticity
P_u Zonal velocity component
Pv Meridional velocity component
P_th Wind direction
P_zh Divergence
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S2|Llele] 7[EHs Alue| Z 7. 8gd 7o J|:Hs AL

(Raw GCM) (Dowscaled)

Data m.rain wet dry tem sd Data m.rain wet dry tem sd
Jan 0835 | 0908 | 1.179 | 1222 | 1.321 Jan 1.084 | 1.067 | 1.046 | 0.774 | 1.065
Feb 1.162 0.39 3.61 1.324 | 0.882 Fen 1.03 1.107 | 1.017 | 0.832 | 1.462
Mar 1.027 | 0967 | 058 | 1.166 | 0.873 Mar 1106 | 1.312 | 0967 | 1.052 | 2.155
Apr 0809 | 0924 | 1.37 | 1177 | 1.162 Apr 1.045 | 1.208 | 0.943 | 1.085 | 1422

May 0995 | 1.256 | 1.333 | 1.147 | 0.766 May 1.064 | 1.103 | 0.868 | 1.08 | 1179
Jun 1.094 | 1.353 | 1.039 | 1.111 | 0.741 Jun 0.85 0.807 | 1.208 | 1.09 1.46
Jul 0.854 0.61 3.6 1.097 | 0513 Jul 1 1142 | 0915 | 1.071 | 1.799

Aug 0.962 | 1.381 1 1.095 | 0.563 Aug 1.077 | 1.137 | 0961 | 0.866 | 0.782
Sep 1.14 2299 | 1.075 1.1 0.616 Sep 0935 | 0821 | 1.119 | 1.017 | 1.285
Oct 1.093 | 1.083 | 0.779 | 111 | 0984 Oct 1.258 | 1.342 | 0.952 | 1.059 | 1.387

Nov 1.003 | 1303 | 3624 | 1.17 | 0.834 Nov 0.986 | 1.016 | 0911 | 1.155 | 1.406
Dec 0963 | 0504 | 2.667 | 1.286 | 0.864 Dec 1152 | 1.313 | 0.967 | 1.438 | 1.108

) Climate Change Scenario derived from YONU GCM experiment
Control run 1961-1980, Perturb run "2031 - 2050”
m.rain - relative change in monthly mean rainfall
wet / dry - relative change in duration of wet and dry spell
tem and sd - relative change in daily temperature and absoclute changes in its sd

I 8. WGEN2] & oljzf#is (Z=p)

AA(AZX) Scenario

4 arameter o B pdw PWW @ B pdw pwWwW
Jan 0.45 8.82 0.20 0.46 0.54 7.28 0.21 0.48
Feb 0.35 15.19 0.19 0.46 0.36 15.35 0.19 0.45
Mar 0.25 26.82 0.22 0.45 0.22 33.81 0.21 0.45
Apr 0.17 60.51 0.23 0.46 0.17 57.70 0.25 0.48
May 0.15 75.74 0.23 0.40 0.18 63.95 0.25 0.42
Jun 0.16 94.40 0.27 0.51 0.15 100.09 0.25 0.48
Jul 0.10 183.12 0.33 0.63 0.11 158.59 0.38 0.68
Aug 0.11 161.24 0.34 0.58 0.11 152.64 0.38 0.62
Sep 0.13 116.37 0.21 0.50 0.13 123.19 0.22 0.50
Oct 0.19 51.59 0.16 0.38 0.17 55.26 0.16 0.38
Nov 0.26 24.09 0.26 0.44 0.29 21.00 0.26 0.44
Dec 0.45 7.77 0.23 0.38 0.45 8.00 0.25 0.39

E 9. WGEN2| $&E tiziHs (25

T & Hu2x HAEE
& A3 Wet day Dry day Wet day Dry day
hormonic A5~ 1 2 1 2 1 2 1 2

OBS Ak) 75 -0.38 -7.84 -1.2 -7.93 0.24 -8.51 0.81
B(k) -9.78 -1.23 -11.23 -0.99 -9.99 -1.09 -10.7 -0.43

. Ak) -7.69 -0.5 -8.02 -1.14 -8.17 0.22 -8.76 0.79

Scenario

B(k) -9.68 -1.05 -11.13 -0.81 -9.72 -0.953 -10.43 -0.29
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