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2007: Bachelor degree at Milan University on Daily Precipitation Variability
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Precipitation annual cycles representative of different subregions of the Great Alpine Region
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2008: Stage at CESI Ricerca on improving forecasts of electrical demand
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2009: Master at Zaragoza University on Geographic Information Systems (GIS) T
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Iberian precipitation datasets  |her02 (1950-2003) T~

[Ramos and Trigo, 2011]
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Daily precipitation sum (mm) for the 5 of November of 1997
¥ + Daily gridded precipit. - Only gridded data
\ L-Md- + Fully homogenized publicy available
Agencia Estatal de Meteorologia + High density - Resolution of 0.2
>10 000 series (>3000 orig. series) Somewnaticoarse
(6821 with 10+ yrs.) - Temporal gaps

(each year was interp.
with different series)
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[MOnthly PRecipitation DAtabase for Spain and Portugal of 3030 monthly series]

1 1 1 1

(Gonzdlez-Hidalgo et al., 2011 and Lorenzo-Lacruz et al., 2011)

42°N

40°N+

38°N+

36°N+

® Spanish series

® Portuguese series

T
8°wW

- + Fully homogenized

+ Point series, not grid
+ High density (3030 series)

+ No temporal gaps
(reconstructed series)

- Monthly resolution

4 of series with altitude > 1000 m.

-'-. S .‘_-:_.---‘ ln/_f >1000 m

>1500 m
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eather Type (WT) Classification —_
Lamb classification modified by Jenkinson and Collison
Mean Daily Pressure Field (Trigo and DaCamera, 2002)
¥ I 2 Southerly Flow: S = 1.305 [0.25 (ps + 2pg + P13) — 0.25 (p,4 + 2pg + P1,)]
Westerly Flow: W =[0.5 (p;5 + P13) — 0.5 (p4 + ps)]
Total Flow: F = (S2+ W?3)12 Flow Direction: D = arctg (W/S)

Southerly Vorticity: ZS = 0.85 [0.25 (pg + 2P19 + P14) — 0.25 (p5 + 2pg + P13) -
- 0.25 (py + 2pg + P1p) +0.25 (p3 + 2p; + pyy)]

Westerly Vorticity: ZW = 1.12[0.5 (p;5 + p1g) — 0.5 (pg + Po)] -
- 0.91[0.5 (pg + Pg) = 0.5 (py + py)]

-

QuUI\I-

o w | = Total Vorticity: Z=27S5+ZW (>0: Cyclonic ; <0: Anticyclonic)
Selection of Calculation of Ex: Westerly WT: |Z|<F, 248 <D <292
16 grid points B o Geostrophical i .
) . Indexes (I
P, Pig- point values

Selection of WTs (26):
8 Directionals 9 Cyclonic 9 Anticyclonic ~ Classifi

N C.N A.N Cation
. NW NE C.NW C.NE A.NW A.NE
W E CW CE AW A.E
C.SW C.SE A.SW A.SE
SW g SE C.S AS
|Z|<F |Z|>F,Z>0 |Z|>F,Z<0
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Period:

20th Century 1948-2003

Reanalysis
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Frequency:
% Contribution:

% of rain days:

Frequency:
% Contribution:

% of rain days:

Frequency:
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% of rain days:
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Cumulated % Contribution to

\_

monthly Iberian precipitation

90 %

ﬂA) Contribution of each WT to monthly Iberian precipitatio

Learning period: 1948-2003
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Weather Types with the highest % contribution are at bottom
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~ Precipitation Downscaling ——_
Mopredasp dataset Daily Weather Types (WTs)
B o Classification WTs Monthly Frequencies

Conversion to |- -
monthly o | ———___
frequencies :

o B T T T T T T
-;,;ﬁaz» w 0 18 & 1950 1960 1970 1980 1990 2000

Forward Stepwise Regression Model

Ex: January:
P,,.(mm) Fr. WT, Fr. WT, Fr. WT,,
1945 (1490) (9Y (17 (1
1949 1167 14 12 5 Learning and validation
=qytay-  |ta,- oty period: 1948-2003
. (Validation:
2003 \1388) (8 ) 20, \3, leave-one-out
a,20 const.term Q,...a, 20 coef.decada WT cross validation)

For each month and each series we will have a different model
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. Validation:
1948-2003
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% Contribution of all 26 Weather Types to total monthly prec.

Qctober November December

90% HIGH
CONTRIBUTION

70%

50%

LOW
CONTRIBUTION

0%
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Predicted Standard Dev. / Observed Standard Dev.

November |  December |

October

HIGH RATIO

® 09+

® 0.8-0.9
0.7-0.8
0.5-0.7

® 0-05

LOW RATIO
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Normalized Mean Absolute Error
MAE% =|P-0]| /O

Qctober

November

__December

Februarv

March

Validation:
1948-2003

LOW ERROR

® 0-5%
5-10%
10-15%

e > 159

HIGH ERROR

Summer months
not shown (very
high errors)

Index of Agreement

(D de Willmott)

d =

QOctober
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1y

5
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Januarv
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Valiél_ation:
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LOW ERROR

e 0.7-1
0.6-0.7
0.5-0.6

® 0-05

HIGH ERROR

Summer months
not shown (very
high errors)
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20th Century Rean. % 26 Lamb WTs Statlonarlty
(SLP 1850-2003) (1850-2003) assumptlon
Derive Fore

Predicted
gridded

Calibration

monthly Iberian ﬁ Relationships between
prec. ( ) Weather Types and Iberian

precipitation

cast

precipitation
(1850-1947)

130 Long monthly precip.

series from 1915 Stability testing

January

The underlying Weather Type X
forecasting % Ao

hypothesis is that,
for a chosen serie
and month, each
WT always %,
produces the Vst b S " p—
same mean da“y . in 212356;;”;;a;ot2t1n
rainfall amount. 5w o 15 € 1948-2003

weather /ypes and PI’ECI[)II’CIUOI’) in the Iberian Peninsula

Average daily
rainfall amount



Comparison between Average Daily Rainfall Amount () of \
Westerly weather type for two periods 1915-1947 and 1948-2003

-““j e .'x..“, .
J .~

P-value < 5%
(Stationary
relationship)

P-value > 5% and
Q 1st period >Q 2nd p.
« >100%

« >50%
+ >20%

P-value > 5% and
Q 1st period <Q 2nd p.
* <100%
+ <50%
<20%
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Interpolation on a Parametrization: ECHAM4 GCM

25 km? grid (Local Boundary: ERA40
weighted regress.)

11 RCMs at 25 km? from the Ensemble Project ‘

Ensemble Mean Model

* VALIDATION h
1961-2000

Error Indexes:
Bias, MAE, RMSE, R?, ...
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Mean Bias Error in % (MBE %) of the Ensemble Model

January

February

March

April

Ensemble
validation

s = - - =
(2 PENINSULA IBERICA Elevacion
o 7 miasl)

-100%
UNDERESTIMATION

-80% -60% -40%

+20% +40% +60% +80% +100%
OVERESTIMATION
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Validation:
1961-2000

Monthly Ensemble
of 15 RCMs



Detrended Pearson’s Correlation Coefficient
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Ensemble
validation

CORRELATION #

0.5

0.6 0.7

0.8

0.9
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Validation:
1961-2000

HIGH
CORRELATION



Skill Score of the RMSE (RMSE,,.c,;s,c.— RMSE 1,070, ) / -RMSE 10701

February March April

Ensemble
validation

September October November December

M

a 500Km.
— ee——
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
CLIMATOLOGICAL ENSEMBLE MODEL
MODEL IS BETTER ISBETTER
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Ratio between Modelled and Observed Standard Deviation
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Ensemble
validation

September

QOctober

November
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% of cumulated precipitation

Y=

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

Concentration Index (Cl)

(Martin-Vide, 2004)

20%

30% 40% 50% 60% 70%
X = Cumulated frequency of rain days
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% of cumulated precipitation

Y=

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

20%

P - Rainfall is more equally
o distributed

Old =
climate

30% 40% 50% 60% 70%
X = % of cumulated rainfall days
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Distribution of the 530 selected daily series
(with at least 90% of data during 1971-2010)
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Yearly CI .
(1971-2010) -

<0.57
0.57 - 0.61

NN
=
()]
—
o
a3
(83

> 0.66
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ot Annual Cl Trer

® negative trend ‘r

@® positive trend

No significative trends:
(P-value > 0.10)
*  negative trend

+  positive trend

Weather Types and Precipitation in the Iberian Peninsula



— =1
—_— CERELO

e Extending DSCLIM Downscaling Method developed at
CERFACS from France to the whole European region

DSCLIM Downscaling Scheme

Reconstruction

[ ]
[ ]
2 1
Learning '

i Climate Model
Past Period with Local 1
and Large-Scale variables . * l
n
- Averaged
n
: MSLP T2m
1
1
[ ]
]
1
[ ]

|

Large-Scale Climatic State
Daily re-analysis

* I Weather

v > Type

v

Weather

Averaged T 2 m Type
[} - .
Summer only! / Reconstructed Precip
T .---...
I Regression g
1 Coefficients ™
oo el
L
. L]
Local-Scale Climatic State . Lea”t“”gt . I :
i initati econstructed : [P —— .
Daily-averaged Precipitation S . Local Vatglables « Corrections E
.................................................................. Fom Snosen iTemperaturefy
n e oo oo )
i Each Seasons are processed separately! : halog bay .
‘ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Supervisor: Dr.Christan Pagé
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May | help?

e Subjects e Software
- Climatology - R
- Statistical Downscaling - C/C++
- Synoptic Meteorology - Fortran
- Geostatistics - ArcGIS
- Interpolation Techniques - GRASS
- High Perf. Computing - VBA

- RCMs bias-correction &
validation

Weather Types and Precipitation in the Iberian Peninsula
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Any comments and questions are welcome

cortesi@cerfacs.fr
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Resultados de cada modelo individual promediados
‘ Interpolacicn pixel por pixel para crear el: ‘
malla de 25 km?
(Kriging ordinario) Modelo de referencia

———Esa..
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?:; oy * estacional
\ .

Indices de error:
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Dec Jan

Winter

Feb Mar  Apr  May  Jun Jul Aug Sep Oct Nov

Spring Summer Autumn

WTs monthly Frequency (%)

1
2
3
4
5
6
7

1 A (Pure Anticyclonic)
B NE (North Easterly)
E (Easterly)
N (Northerly)
NW (North Westerly)
B W (Westerly)
M C (Pure Cyclonic)

Other WTs: B A.W (Anticyclonic Westerly)

C.SE (Cyclonic Southeasterly)
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70
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Relationships between VGTs and Rainfall in the Iberian Peninsule
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Winter Spring Summer Autumn

% Contribute to monthly IP prec.
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C (Pure Cyclonic)
NE (North Easterly)
SW (South Westerly)
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3
4
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% Contribution

Mean Precipitation Efficiency
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Monthly obs.precipitation 11 RCMs a 25 km? (1961-2000) from Ensemble Project

1500

A multi-model was also created

_ to reduce dispersion:
Interpolation

grid 25 km?

Mean Model

malp < Validation

Error Indexes:
MBE, MAE, RMSE, RZ, SD, ...

-600 400  -200 0 200 400 600

Research Summary of Nicola Cortesi (2007 — present)




Hypothesis testing (1864-1947)
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Very Long European Reanalysis Dataset

SLP Surface Network Observations
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EMSLP dataset
(EMULATE Project)

+ Very long (1850-2003)

+ Reconstruction, not
reanalysis

- Low sp. resolution (5 )

20th Century Reanalysis

+ Good sp. resolution (2 )

+ More stations than EMSLP
along the Mediterranean
coast of Spain

- Shorter than EMSLP
(1871-2008)
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_B(_:i_i_ly vs. Monthly precip.a&'iﬁ““%xx

Mean Absolute Error (MAE) [mm)]
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2007: Physic degree at IFGA (Institute for Atmospheric Physic, University of Milan)

Craddock Test % Trend of Wet Days Index from 1951 to 2006
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Precipitation Downscaling

Calculate the Average daily rainfall amount associated to each WT:

(i.e: the precipitation intensity of the WT)
2003

Z Z P(X, m, y,d) Prec.data
= _ y=1950 d{WT} from
I:)WT (X’ m) — 2003 Iber02

Z NWT (m y) dataset
y=1950
Learning period: 1950-2003
being: x grid pixel

m=1,..12 month

y =1950,...,2003 year

P(x,m,y,d) observed precipitation for pixel x,

month m, year y and day d.
Nyr(m,y) number of days belonging to that WT

during month m of year y
For each month and each grid point we will have a different model
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Forward Stepwise selection

S —— Octob
CV _ RMSE — Ng:[uf%rr?trler
I —— December
— Pobs January
e > = — Eebnéary
— Marc
w o \ Threshold:
©T o
9*) = 0.01
zZ
2 2 \
LLl O w |
= = °
nd o
L 'O
I = o
O O o -
T o
O MORE PREDICTORS
m SELECTED
o | | | | Barclelonflst
1 2 3 4 5 8]

Number of predictors CWTs

EGU 2012 High resolution reconstruction of monthly autumn and winter precipitation of Iberian Peninsula for last 150 years — Wien, April 2012
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Observed monthly precipitation (black lines) and downscaled (coloured lines)
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