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-A region of Norway where the largest orographic features were ~50 m high.

-A dense network of approximately 200 rain gauges over an area

about 30 km square ~ almost 2 Km resolution

-Much to Bergeron’s surprise he found that

Over these small hills
-precipitation rates could be twice as high as adjacent areas

-the differences persisted across different storms



These results led him to write that

“l venture to state that in no country is the official
network of rainfall stations dense enough to give even just

a summary picture of the precipitation conditions”

(Bergeron 1961).
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Dynamic Downscaling Models (RCM)

-the potential for
-capturing meso-scale nonlinear effects
-providing coherent information among multiple climate variables

-the main drawbacks are
-their computational cost
-in future climates the parametrization schemes they use to
represent sub-grid scale processes may be operating outside
the range for which they were designed.



Statistical Downscaling Models

-use cross-scale relationships that have been derived from observed data,
and apply these to climate model data.

-They require observational data at the desired scale for a long enough period to
allow the method to be well trained and validated.

-The advantage of being
-computationally inexpensive,
-able to access finer scales than dynamical methods and
-applicable to parameters that cannot be directly obtained
from the RCM outputs.

-The main drawbacks of SD methods are that
-they assume that the derived cross-scale relationships remain stable
when the climate is perturbed,
-they cannot effectively accommodate regional feedbacks and,

-in some methods, can lack coherency among multiple climate variables.




1) Transfer function type

-Transfer function method
(Kim et al., 1984, Oh et al., 1994)
-Multiple regression method
(Karl et al., 1990; Wigley et al., 1990; Schubert and Henderson-Sellers, 1997)

-Empirical Dynamic method
(von Storch et al., 1993, Heyen et al., 1995;
Kim and Kang, 1997; Kim et al., 2004; Oh et al., 2004)

2) Weather Generator type
3) Analogue methods

*Parameter-elevation Regression on Independent Slopes Model (PRISM)
(Daly et al., 2002; 2003; 2008 )



Transfer Function Type

Station Scale  GcM/RCM Grid
~ 12km ~ 50km

/ Climate Inversion (Kim et al., 1984)

Training Period

) l L EOFA: S(s,t) = 3 Ti(t) E,(s)

® Transfer Function: T; ~ f (G)

Projection
GCM/RCM G > T, = S(s,t)




FINE SCALE GRID

Station Scale GCM/RCM Grid
~ 12km ~ 50km
Methodology
/ 1. Barnes scheme (Object Analysis)
1T X : -Distance
' ﬂ ] 2. Kriging
L 1 : -Distance, BLUE
/ 3. PRISM
/ -GIS Information

Fine scale grid

~ less than station scale (1km)



Observation station
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DEM Elevation (1km resolution)
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1km GIS Information

DEM Elevation Topographic facet Coastal Proximity
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PRISM

Parameter-elevation Regression on Independent Slopes Model
(Daly et al., 2002; 2003; 2008 ; 20| = £,2007; M A E S,2008; 2! WI| S, 2011)

B Major weighting factor Station Scale GCM/RCM Grid

W =[Fa W(d)> +F: w12 wp) wp)  ~ 12km ~ 50km, 12km

F, : Distance weighting importance factor
F, : Elevation weighting importance factor

W (f): Topographic Facet \
W (p) : Costal Proximity L

Sy S, TS
W VT S q Fine scale grid

— e B _Zm(xi_x)(yi_.)_/) ~ 1km
ﬂO y ﬂl'x ﬂl - ZVVI-(.XI. —)7)2

X =




W(d)=< 1 :

o d>1
L d” )

Where d is the horizontal distance between the station and the target grid cell
and a is the distance weighting exponent. a typically set to 2, which is equivalent to
an inverse-distance-squared weighting function



W(z)=4—F—3Az,, <Az <Az,

e
AZ,Z;,,
|
Az? ,

Az : the absolute elevation difference between the

station and the target grid cell

Az < Az,

0;Az > Az,

b : elevation weighting exponent(1.0)

Az minimum elevation differecne (100)

Az maximum elevation differecne (500)

Digital Elevation Model (DEM)
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The rule that best matches the distribution is used to

assign an orientation to the target grid cell Fagetdirestion

(Gibson et al., 1997)
tanAz(_gz/ay)(—ﬂ<A<7z) ‘
(0Z ] 0X)

T
39°N

I; Af <landB=0

W (/)= ! ;Af>10rB>O>
L(Af +B)

T
36°N

J

Af: the absolute orientation difference between the
station and the target grid cell (Af=1 for 45°)

T
3°N

B: the number of intervening barrier cells (Af> 1)

¢ : the Facet weighting exponent( 0.0/1.5/2.0)



W(p)=-

Ap : the absolute difference between the station and
target grid cell coastal proximity index

Ap’ ’

I; Ap=0

0, Ap>p,

, O<Ap < p.

p, : the maximum proximity difference

v : coastal proximity weighting exponent

(0.0/1.0/1.0)

Coastal Proximity
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W =[F, W(d)*+F_ W12 W)W (p)

D NLADN )
w T S
Z Z : y; : Climate elements
W (x, -5, - ¥) x; : DEM elevation

181: ZW;(xz‘_)?)z

bo=y—-px = Y::Bo+:81X

where Y is the predicted climate element, B, and B, are the regression slope and intercept,
respectively, and X is the DEM elevation at the target grid cell.

The climate-elevation regression is developed from x, y pairs of elevation and climate
observations supplied by station data in the local area.
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Observation (12km) vs PRISM (1km)
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Observation (12km) vs PRISM (1km)
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Observation (12km) vs PRISM (1km)
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Observation (12km) vs PRISM (1km)
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Observation (12km) vs PRISM (1km)
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AR AS

T_mean. (°C) T_max. (°C) T _min. (°C) Prcp. (mm/day)

Bias RMSE Bias RMSE Bias RMSE Bias RMSE
JAN. 0.00 0.37 0.02 0.46 -0.03 0.53 0.07 0.63
FEB. 0.00 0.36 0.01 0.46 -0.03 0.52 0.03 0.68
MAR. 0.00 0.36 0.01 0.47 -0.02 0.51 0.05 0.67
APR. 0.00 0.34 0.01 0.48 -0.03 0.53 0.01 1.05
MAY. 0.00 0.33 0.00 0.50 -0.03 0.50 0.07 1.35
JUN. 0.00 0.34 0.01 0.51 -0.02 0.48 0.05 1.65
JUL. 0.02 0.34 0.02 0.51 0.01 0.45 0.06 2.55
AUG. 0.01 0.35 0.32 2.16 0.00 0.48 0.09 2.65
SEP 0.00 0.35 0.02 047 -0.02 0.49 0.09 1.88
OCT. 0.00 0.35 0.02 0.44 -0.03 0.55 0.06 1.02
NOV. 0.00 0.36 0.02 0.43 -0.02 0.55 0.03 0.66
DEC. 0.00 0.37 0.02 0.45 -0.03 0.54 0.04 0.48
AVE. 0.00 0.35 0.04 0.61 -0.02 0.51 0.05 1.27
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& Hit rate

lFaIse alarm rate
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PRIDE MODEL SCENARIO
1KM



CORDEX East Asia Domain

- T 32 e T L~ L

Global climate model(& 71|
135km, 60km

RCM (Xl &2d)
Asia 50km, Korea 12.5km

PRIDE Model (PRISM based Downscaling Estimation Model)
(Korea 1km grid data)




PRIDE MODEL

Observation Climate Model



MODEL

PRISM based Downscaling Estimation Model

PRISM based Seasonal Cycle R CM based Anomaly

DEM Elevation Systematic bias
Topographic facet / Model Seasonal Cycle
Coastal proximity

Distance Adj ustment RCP Scenario(IPCC
Weighting Factors AR9) RCM
PRISM 1 HadGEM3-RA(KMA)

High resolution data (1KM)




PRIDE MODEL

2050 Cf

11| R o SN g Son b

BN - w -
. 7

BRI veee e vees sas

T 340

12E 127 1258 125E 127E 129E 12E 127E 1258




PRIDE MODEL
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PRIDE MODEL
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