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Statistical downscaling — general overview

 Aim of statistical downscaling
* Approaches and Methods
 with regard to extremes

Our Problem

e Data

 Probabilistic Downscaling

« Extreme value theory

» Censored quantile regression
* Verification

Results

« Extreme precipitation events
« Skill of downscaling

Conclusions
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DYNAMICS:

In numerical weather forecasting the
Navier Stokes equations on a rotation
sphere and the 1% principle of
thermodynamics are numerically
intergrated in time

PHYSICS:

sub-scale processes are parametrized

e cloud micro-physics

e radiative transfer

» exchange processes with land surface...
e turbulence

e convection ...

Extreme weather phenomena are
(mostly) on small scales

—> post-processing

Meteorological Institut Bonn
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Aim of downscaling:
Represent and forecast local weather or climate conditions
on scales not resolved by the model.
Here: downscaling in space!

Dynamical and statistical downscaling
Dynamical downscaling uses a regional, high
resolution model, where the boundary
conditions are determined by the global model.

Statistical downscaling derives a statistical model
between the large scale model state and the local conditions.
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Applications:

Short range weather prediction

* regional models to account for local conditions (orography) and small
scale processes (convection)

» statistical downscaling (MOS) for local (weather station) forecasts
 assessing probabilities e.g. of extreme events

Climate change projections
 estimate possible man induced changes on the local scale

Weather generator
 generate realistic precipitation patterns for hydrological modeling
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Linear transfer functions

e multiple linear regression
 canonical correlation analysis
Non-linear transfer functions
 neural networks

Stochastic models

* multivariate autoregressive models
 conditional weather generator

Weather typing methods

» conditional resampling

» analogue-based methods

Probabilistic downscaling

» estimate conditional distribution function
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heavy precipitation events:

ey EXTrEeme Weather Phenomena unwersitatm

reasonable observational network
spacial dependence — unknown, depends on weather

2001 May 03 2005 Jan 02 2004 Jul 17
convective cell frontal DE)rem[?ltation frontal and stratlform
20017 Moy 03 13:01:10 UTC 2 2005 Jan {32 41:04 Z 2004 Jul ‘17 8 56:04 2
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wind gusts:
must less observations
processes not well known
spacial dependence - unknown
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heat waves:
good observations
but long memory
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Period from: SRR
1948 to 2004 o S ARG
Separate: L |
cold (NDJFM)
and
warm seasons
(MJJAS)
About:
8600 daily totals
7 Sty ™ D..W'Dl(Gen Weéher Si) |
NCEP reanalysis ~ 2000 stations in Germany

Daily mean fields of wgs), (g50 and PWat Daily precipitation totals
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Downscaling seeks for:
a statistical model between the covariate X and a variable y

50 Jahre Kompetenz fur Wettcr und Klima @
Deutscher Wetterdienst

Niederschlagshéhe vom 10.08.2002, 8 MESZ - 13.08.2002, 8 MESZ

7 EOF {
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10° o a0
850 mb Relative vorticity [1/5]
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... seeks for a statistical model between the covariate X and
a probabilistic measure of y - with special emphasis on

yinmm

S -

) Q(T|X)=y.
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How to estimate a probabilistic measure of y given X?

e Distribution function: F(y|X) = p
« Quantile function: Q(7]X) = y.

Q(T|X )=y,

:25 /
|12~

05
= 01 ,/

| | | | | | |
-02 00 02 04 06 08 10
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Semi-parametric:

Fix threshold y,
estimate 1-p probability of threshold
exceedance using logistic regression

Fix probability 7=p,
estimate y quantile using quantile
regression

Parametric:
Distributional assumption:
estimate parameter vector given X
Poisson point — GPD process
estimate parameter u, o, ¢ given X
POT approach with u = u(X)
with parameters g, ¢ given X
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The censored linear model

Y|X = max(0,8 X+y' Xu) u~iid.

the conditional quantile function

0, (7| X)=max (0,7 X)

y
Example o _ 099~ -
. ] © |--- mean 09
no Censorlng. - - - median . )
@ o 0.75
AT . ) -
0,(t|X)=B. X et 0
Y S AR 0.1
.':'-:. *ny v
> 0.01
0.3 0.4 X
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Conditional quantiles are

equivariant to monotone Qh(f/)( T) = h ( QY (T) )
transformations /(.

noutcase Yy ="h(y)=max(0,y)

0,(t|X)=8, X 0, (t|X)=max(0,8; X)
o | 0.99 o _| , 0.99
© |- -- mean 09 0 |- -- median 0.9
- - - median g
3 075] & - 0.75
8 —
8 —
o
8| _

0.1 0.2 0.3 0.4
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The censored linear model

YIX = max(0,8 X+y Xu) u~iid

the conditional quantile function Y, =0 (1| X )=max (0, ﬂz X)

Censored quantile regression minimizes the absolute deviation function

A

ﬁTZarg n’ZinB Zn PT[yn_max(Oa ﬁzxn)]

TU if u=0

prlu) = (T—1Du if u<0
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Peak over Threshold (POT)
\Y,—u|Y . >u

very large threshold u
follow a Generalized Pareto Distribution (GPD)

2 - Daily precipitation for Nov-March (green) and May-Sept (red) Dresden
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Peak over Threshold (POT)

The distribution of Z.:=Y.—ulY.,>u  exceedances
over large threshold u« are asymptotically distributed following a
Generalized Pareto Distribution (GPD)

\

z [VE z
1—(1+&=) 1+E=—>0 £>0
H(z|Y >u)= Ju Ju
l—exp((_f—z) z>0 £=0

u

two parameters
O ,scale parameter

& shape parameter
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For the model we have 3 parameters
threshold u is definded as conditional T-quantile

A ST
i,=Q,(t,|X)=p" X
scale and shape parameter of GPD

G=0 x, =

n

Estimation of threshold uses censored quantile regression,
conditional GPD parameters of the exceedances are estimated
using maximum likelihood method.

Meteorological Institut Bonn Petra Friederichs 17
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The conditional distribution of precipitation is

F(y|X)=H(y-u/Jy>u,,X)Prob(y>uJ|X)+Prob(y<u]X)

=H(u—-u]|y>u_ X)(1-1,)+1, = T>T,

u

The respective T-is estimated as

po=H(xjx)= "t 7T

Meteorological Institut Bonn Petra Friederichs 18
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Poisson point — GPD process with intensity
~1/¢

A(A)=(t,= 1)1+ E(E)] on A=(1, 1,)%(y,0)

u

precipitation
60 80 100 120
| | | |

40
|

20

" Summer 2001 | | Summer 2002
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Poisson point — GPD process with intensity
—1/¢
—U
A(A):(tz_t1>[l+§(yo. )] on A=(t1’t2>><<y,oo)

u

Non-stationarity:
assume parameters to depend linearly on covariate X

A T A T 2 T
I’ln:u xn O'n:O' xn (Enzg xn)
Estimate parameters using maximum likelihood

Get the conditional extremal quantiles

A

. (G+E(u—p)) —log T,
Ve=u : (1—( 2 ) )
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Quantile regression minimizes
the absolute deviation function

OVS=2,p\y,= D, -]

TU if u=0

prlu) = (tT—1Du if u<0

proper scoring rule (Gneiting and Raftery 2005)

COVS(T,y)
CQVS(T’yref>

Meteorological Institut Bonn Petra Friederichs 21

censored quantile COVSS(t) = 1 —
verification skill score 0 ( )




Meteorological

wesy FOrecast verification ub"

Bonn

A Scoringrule S (P, y)yNQ
measures the quality or utility of a probabilistic forecast

here in terms of a cost function
Let E[S(P,y)]Q:S<P:Q)

Let O be the forecasters best judgement
S is a proper scoring rule if for all P and O

S(P,Q)=S(Q,Q)

strictly proper if

S(P,Q)=5(Q.Q) iff P=Q

Gneiting T, A E Raftery (2007): Strictly Proper Scoring Rules, Prediction, and Estimation.
Journal of the American Statistical Association 102,359-378
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Compare QR, POT and PP approach
extend censoring to threshold u

Po,¥)=2, p.ly,—max(0,B;x,)
S (P POT/PP’y Z DY 5’;1,7]

ref)y Z Py ( )|

define a quantile verification skill score

ST<PQR/POT/PP’ .V)

OVSS. = 1 —
ST<Pref’y)

cross-validation

Meteorological Institut Bonn Petra Friederichs 23
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Derive forecast using cross-validation
through separation in training period and target season

To obtain set of forecasts {,}]  (target season)

A A A

we derive estimates of coefficients ﬁT , u,o, "g’ , U, 6‘u, E

from set of observations  {...,y .. ,...}
(training period)

and covariates X,

The forecast is derived for each target season in the time sequence

j/n,'r:max<093‘{xn> j/n,T:Qy,POT/PP<T|xn)

Meteorological Institut Bonn Petra Friederichs 24



Meteorological
Institute

N =V »

Bonn

Winter, u = Smm

. Shape Parameter

o]
9]

52

lat

51

49

48

DWD Stations 1948-2004, Winter, PP(Z}J: 5.0 mm)
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Summer, u =10mm

55

52

lat

51

49

48

DWD Stations 1948-2004, Summer, PPgu=1 0.0 mm)

0.4

— 0.2

— 0.0

— —0.2

10 12 14
lon
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20y return values

EVD:

University
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50

10mm

Summer, u

DWD Stations 1948-2004, Q20 (1948), Summer, PP(u=10.00 mm)

Yol

= 5mm

Winter, u

DWD Stations 1948-2004, Q20 (1948), Winter, PP(u=5.00 mm)

wn

® &
o« e . ooo .
°
® oo 0° % oo ooo $ )
@ o ‘ ® o8 =
e oo 8% ,QAF-.. e °
. . Je ;lo S o °
= ooo.o A ‘00 3% 2 °
®e @ ..‘,‘.\00. 2o g
° H .ouuo~ ®
® e, -_ s A » Wouu @ ~ o 05 o o0°%
. s 1l P o *%°° o Pe®%
FATS, R ° > N 0000 g oy ﬁcooo o
J i coooo o ooo,o aneoo e °
® - )
o H - ! [ ) o »“c...,..ln.\o..._...o..s. .g... °
® 0% 008, 000 b . o, & o b oﬁ.‘o. oooooooo o Qo &
R - e ¢ o o.ooooo..colﬁowo °® ° o A
- b ooo o, L ° . S oo A C Y oooooo uooo X p° % s ooo,
” . . ooo\oo o, "oo ooo oo Jo”uooloﬁ o® oo.‘ooon.o =
sl o V . 4 g oo.o- oo 00 D oooo . o ®
® o o ® oo e 8 uuo“-oooofooo
® ® 0% o © %%’ 000 O o> "N 00, S0 L
® ooo- ® ® & Y S ooo . o? H
o oo " . o " .O - \ 00“ ® o o ”
oo e %, . o7 0 e, ouo oooocooocooo
° %o, "o e e Y e
‘ ... ) @ ° . .. e .... @
L) ® oooo
°
I I I - I I I
S 12°] €8 cs IS 0S 514 214
el
—
° e o0 o
& o’ oo o_° oo B
® . % * 09 ®0° 4 e °
° ooo- = ® ° o* o ° % °
o‘o ** ® e 2e° 0 ® ooo o.bu
° ° °
y e® 4 e N oo ® . ® 0% o d % o “o%.o
e o o e 0® °J o ® o ®° o, o0 o190 00440
° o [ CYRE L oW, 0 0g° %0q 2
e o o © e® o o o0 °% 0 0Fse 0%t o o
LI e, ° o® L4 oooﬁ“ 0..%. S e oo
e® ® o o ° ° ° A L . - o * 5 s
° s (o9 ° ¢ o l‘ ‘e 020 0%® ouonoo.o ﬁ oon P
o ooooo +® ° ° o Qoo ooooo oooo”o“oooﬁh \ooom ooooooooo oou\oooo’. ooooo
®eq® 52 o o °° ooo " ooooooo‘c‘uoo-o ooh'oo‘ﬂo S o\n ooo.&oo
° °. . o’oooo . . .« o8 0ere o oooooo"‘ K hooln'oﬁn“" oo.oooao%o.ooo\
° ° o o o0 %S¢
°° ° ¢ ﬂooo fo-oooo ooooo © oncoo ooo of o 2 \ .nc%.olv * Vlool“ Moﬂﬂo'ﬂoococooooo, 1
©o%¢e ®° o ooooo e’ epe® @ & W ooooooodo‘ “l oOoo\ooﬁo o o
o 0gq0% % ¢ °* o" Be * o° -ooo e “egoee® : Aooooooooﬁlooo olo %
RN R T B A o 1 o A
o ° ®
o 0% %0 4 o® ocoo e ‘mooo ‘oo“hoonﬁoooo.l ol”ooﬁwoowoc oooho oo o ooq
oootoooo ° y oo-oooo oo~oooooo oou ooo’o’Jc ‘O“ﬂ'o\oool e ooooo ooooo uhoo ‘e ®
A 0 ® © *%° o & Po °® %% % ﬁoo % o ® [ XX
0 00 J0°°° 0o o ° S e Q) ) 0200 o0 ©
o 0 % %% o0 e ee, o aoBe o 0o tulLS N0 e %%y B o
e LY ) o® o e 0.... (S o 00,0 0650,.9 0630 ¢ ®e® o ® e
® O e 000,04 ° LT o ® ooo Y $onoolos ou‘olooowoo). «.* M
X AT @oe oooﬁooo \o \oooﬁ‘ ooooo*oo.’nnoooco.oouc“oooooo o & oou"oo
[ n P Ty n S ooo oo- LYYE o‘o"ﬂooﬁo‘“foo Lo °B3%e ¢
os. 0% ooooooooco ovoe %o o-oﬂoooo % 2o ooouoo.o‘ e * o .
AL ALY K 00 '%0 o Oom® ° % &e
® e, ooooooo o.o“ oo oo-ooooo- o'ooo.o $° o0,
2 %Qoool o g Seetet ®e® o Y
° ° ° e, S % 20, %y
e 00 00, %% 0 ool PPy o 2 ° L0
’ IS 5 SO L IRt B
° 00 %P T o4 bcooo ° oo o%® p )
ooooooo.ooo LTS
% ° > bl
I T T I I I
S 12°] €9 cs 1S 0S8 514 514

14

12

10

14

12

10

lon

lon

26

Petra Friederichs

Meteorological Institut Bonn



Meteorological
Institute

Bonn

u=5mm

Winter

Nr: 2 StN: 80313

Ni: 3 StN: 80310

University GOOdneSS Of Fit

Summer

Nr: 2 StN: 80313

Nr: 3 StN: 80310

universitétbonn\

Nr: 12 StN: 54336 i

Nr: 12 StN: 54336

%K ¥

Nr: 19 StN: 71519

Nr: 21 StN: 70111

Nr: 19 StN: 71519

Nr: 20 StN: 71525

Nr: 21 StN: 70111

X X

Nr: 29 StN: 73448

Nr: 30 StN: 71645

Nr: 37 StN: 90593

Nr: 29 StN: 73448

Nr: 30 StN: 71645

Nr: 37 StN: 90593
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30% _
20% _|
10% _|
0% _
POT §=¢§ POT &=,+&x QR
7,—0.9
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Skill
more skill for winter than summer precipitation
(between20% to 40% in winter, and 10% to 30% in summer)
largest skill obtained for high quantiles

Threshold
largest skill obtained with threshold of about 2mm

EV parameter
shape parameter is positive in winter and summer

allowing regression for shape parameter induces large error in
parameter estimates

-> statistical downscaling model becomes instable

regression for shape parameter increases skill in winter
Outlook

separate convective and stratriform precipitation

estimate quantiles taking into account spacial dependence
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