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Product interfacing and Make software for blended products
utilization improvement

Development of tools (software) for Sensitivity analysis — influence of each

data format conversion acceptable by

duct on final output dat
hydrological models product on final output data
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Impact studies and
hydrological validation

Satelital data assesment and model

Hydrological validation of Products calibration
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Hydrological validation of operational or pre-
operational H-SAF products:

® PR: HO3; HO4; HOS
® SM: HO8; H14
® SN: H10; H12; H13

Results are presented in
Hydrological Impact Validation Report (HVR)
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Validation Teams, test sites, models

Country

Test site

Hydrological model

Demer-Scheldt

Belgium SCHEME [SCHEIldt and model)
Ourthe-Meuse
Iskar River Artificial Neural Networks [ANN)
Bulgaria [Varbica river Mike-11/NAM (Nedbgr-Afstremmings Model)
Chepelarska Iand Isha-Modcou model
Finland |Dunasjoki Variable Infiltration Capacity (VIC) Model version 4.1.2f
HEV [Hydrologiska Byrans Vattenbalansavdelning model),
Germany |Rhine . .
LARSIME (Large Area Simulation Model )
Italy Orba Continuum Model
Sola
Raba HEV
Poland Czarna (Hydrologiska Byrans Vattenbalansavdelning model),
and Lagowianka SEM
Wkra
Nitra
Hron-NAM (Hron and Nedbgr-Afstremmings Model)
Slovakia |Kysuca
Hron HEV [Hydrologiska Byrans Vattenbalansavdelning model)
Susurluk HEC-HMS (The Hydrologic Engineering Center — Hydrologic
Western Black Sea | Modeling System)
Turkey

Upper Euphrates

SEM (Snowmelt Runoff Model)

Kirkgoze

HBV (Hydrologiska Byrans Vattenbalansavdelning model)
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Validation Teams, test sites, models
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Status of validation

Management
ot Product
HO3 HO04 HO5 HO08 H14 H10 H12 H13
Belgium - - YES - - - - -
Bulgaria - - YES - YES - - -
Finland - - - - - - - YES
Germany - - YES ~ ~ ~ ~ ~
Italy YES - YES YES YES - - -
Poland YES YES YES - ~ ~ ~ ~
Slovakia YES YES YES YES - - - -
ITU - - YES - - - - _
Turkey
AU - - - - - YES ~ YES
Hungary - - - - - - - ~
- not validated
~ validation in future
YES validated
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Validation period and products
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" from 1/7/2012 to 30/6/2013
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Resolu | Cycle
tion

Precipitation rate at ground by GEO/IR ~8km 15 min
supported by LEO/MW
HO4 Precipitation rate at ground by LEO/MW ~8 km 3 hours
supported by GEO/IR (with flag for phase)
HO5 Accumulated precipitation at ground by ~8 km Each 3 hours:
blended MW and IR MW+IR integrated
over the previous 3,
6, 12 and 24

I



H SAF

Support to Operational
Hydrology and Water
Management

Methods
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How to define ,ground truth”?
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QsimGD
simulated runoff based
on ground precipitation

data

Ground precipitation

data

Qobs
,Observed” runoff
~ground truth”

Rainfall — Runoff Model

H-SAF precipitation
product data

QsimGD
simulated runoff based
on H-SAF precipitation

data
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Hydrology and Water

Management
SF = Snow
RF = Rain
IN = Infiltration A
EA = Actual evapotranspiration .
El = Evaporation from interception Sn ow routine
SM = Soil moisture storage S
FC = Maximum soil moisture storage .8
LP = Limit for potential evapotranspiration S
R = Recharge . . -‘E
CFLUX = Capilary transport ? SOII routine -IE
UZ = Storage in upper response box El | ;E
LZ = Storage in lower response box
PERC = Percolation FC—
K,K4 = Recession parameters ¢
ALFA = Recession parameter LP
Q0,Q | = Runoff components A
Response
function

Routing routine

lumped
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Methods

THE BASIC INPUT REQUIREMENTS

TO RAINFALL-RUNOFF MODELS

v

v

Subbasins
connection

Model
parameters

i

Initial/state
conditions

v

v

Hydrological | |Meteorological
data data

Air temperature
K

Potential
evapotranspiration
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Precipitation

e Weighted mean P E— Data for stations
e Elevation zones The time step e

Temperature 4 ONE HOUR

e Weighted mean
e Elevation zones

Potential evaporation*
* Penman-Monteith/Thornthwaite equation
e Usually long-term monthly mean values

Discharge observations are used to calibrate the model, and to
verify and correct the model before a runoff forecast.
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Calibration of rainfall-runoff model
(using historical, long time series of ground

data)

Validation
" runoff simulation using precipitation
ground data as an input
" runoff simulation using satellite
precipitation product as an input
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® Results for each month and for the whole
period

" Comparison the obtained run-offs with the
measurements

" Evaluations of the H-SAF products were
performed, in terms of discharges, by the
calculation of the Nash-Sutcliffe model

efficiency coefficient, the correlation
coefficient, the RMSE and ME and MAE.

" Results: graphs, statistics scores
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Study area
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@ lowland
O upland

@ mountain

H_ =

Legend

v Main profiles for synoptic forecast

Watersheds

T~y

v Additional profiles - forecast is prepared during hydrological emergency

[ Middle Vistula basin
E Odra river basin
D Upper Vistula basin

@ Catchments with calibrated RR model (operationally run everyday)
e Rivers, for which HD modelis calibrated

j Catchments with calibrated RR model (operationally run before expected hydrological danger)
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Study area
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Rakoéw

" Mocha
Mean 285 m Mean 307 m
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Results
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2012-2013
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2012-2013
HO4
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H-SAF products

in Operational Hydrology
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DETECTION

Observations
and Measurements

FORECASTING

NWP models,
Meteorological Forecasts

Forecast Weather

Conditions

Antecedent and current basins
and streams flow conditions

MODELS
(statistical, RR, HD etc.)

v

ANALYSIS, FORECAST, (WARNINGS)

v

Dissemination of timely, reliable, and understandable
warning messages to authorities and at-risk public
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Radar Data

CMAX (dBZ)
18:50 / 03-Aug-2014
POLUKR Composite

+»50.0 dBZ
»46.8 dBZ
»43.6 dBZ
+40.4 dBZ

» Kowno, wilno
« Kaliningrad

- "\ S »37.1 dBZ
k‘f Grodno +33.9 dBZ
‘_ +30.7 dBZ

stak +275 dBZ

+24.3 dBZ

»21.1 dBZ

.»17.9 dBZ
»14.6 dBZ
»11.4 dBZ
» 8.2dBZ
» 5.0 dBZ

Pdf File: POL_EXT_CMAX.comp.cmax
Range: 600.858
Projection: aeqd
Merge Type:Maximum Value
Sensors: BRZ+ GDA+ JAV+
KOJ+ LEG+
PAS+ POZ+
RAM+ RZE+
SWI+ UKLL+
czbrd+ czska+
Data: Radar Data
Rainbow ® SELEX-SI
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Satellite
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Rozklad dobowej sumy opadow [mm]
(od godz. 06 UTC w dniu 03 08 do godz. 06 UTC w dniu 04.08 2014)
1ebs

Rain gauges

Dobowa suma opadu

brak opadu
01-5
51-10
10,1 - 20
20,1-30 Kasprowy Wisrch
30,1-50

Y i
] 50,1-100 Raekd 0 25 50 100 150 km

“ Jeziora i zbiomniki wodne | |

1 | 1 | 1
tytut slajdu
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Bias-Correction
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Hydrology and Water

Satellite precipitation products have systematic
errors called bias, which need to be corrected
since the biases can affect the hydrological
processing in the mathematical models...

* Problem to solve:

(...) to transform precipitation derived from
H-SAF, to the observed precipitation
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Management

* based on simple changes (Lehner et al., 2006),
DELTA method

e parametric transformation (Piani et al., 2010;
Maraun et al., 2013; Rojas et al., 2011),

* nonparametric transformation (Wood et al.,
2004; Boé et al., 2007; Bennet et al., 2011),

 distribution derived transformation (Sharma,
2007; Salvi et al., 2011; Kurnik et al., 2012).




& H SOAF Distribution derived transformation
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(...) to find the optimum function, that maps the
modeled variable P,,,, from H-SAF precipitation
Product in such way that a new distribution

equals the distribution of the observed variable

Poge 1.€.,
Poss = fIPyviop)
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Density and quantile functions
for selected probability
distributions

Sets of equations obtained
by MLM method for
GA, GE probability distributions.

gamma distribution
B (x - 5)’1_1 |'#_ x—g) 4= - shape.
f[le_ 9;31"(;1] o a ) a0 -scale,
GA ® £=() - lower
r [}.}=jr:-‘1 exp(—1)dt - gamma Euler function left-side bound
0 E‘EXE""E
generalized exponential distribution
a={) - shape
£ lx)= atresp(~(x— &)1 - exp(~(x— £) )" 70 - scale
GE 1 ( Jl =0 - lower
X, =&——n1-ll-p) left-side bound
g=X=tu
[ . L
Initial values: & =10, ;;=I3=U—c+[(c—3]‘ +24CF /12c,
\ J
al al a &
where: g = %I:x —5), b= é]n[:x:. _EJ= L;:]ﬂﬁ_E
Sl | (12X | 11X
In A—w(i)=1In —ZI:x:- —¢) ——Z]n[x:- —¢)
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Goodness-of-fit tests for probability distributions of random
variables Pogs, Pros, Pros @Nd Ppyge

D__\..-—max[ﬁr),mhere c) —max[#—ﬂ[‘f HlFE[Y 5') %1}

12N
Kotlmogorow-

Smirnow (K-S) N — size of random sample,

F, (xr.; E] theoretical cumulative distribution,

g - vector of parameters.

Anderson-Darling | 2 _ —_Z{[’n Din F, (x,:6 )+ 2N +1-20)n(1- F, x..:6))
(A-D) - ‘ i=1
- 1—1
Liao-Shimokawy N mﬂ[I_Fﬂ(x 5)Fﬂ[r 5) N :|

i=1

(€-5) Fe s VN Z JF [r-;ﬁ)

1 Folw,:6)

Vy = max[é )+max[5 ) edzie: & =mﬂ{%_ﬁ[xf;éﬂ’

1=i=n
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e Statistical charactristics

- - Zywiec | Zywiec
Characteristic OBS: NOD
HO3 3 936
Skewness |HO4|| 3277 | 4.371
HO05 3 608

HO3 21.390

Kurtosis [HO04| 12.529 [ 26.283
HO5 17.036

Standard |HO3 6375
Deviation |HO4| 3.513 | 5.928
[mm] [HOS5 6.174
_ HO03 40,637
Va“a“gﬂ H04|| 12.343 | 35.147
[(mm)] 1753 38116
Arithme- |HO3 2018
tic [HO4| 1.693 [ 2641
Mean |HOS 2919
~ |Ho3 0.300
I”’[iﬂm'{:;‘i“ HO4| 0200 | 0.100
HO05 0.100




¢ HSAF

Support to Operational
Hydrology and Water
Management

Results of goodness-of-fit tests for Puos H-SAF rate at ground and Pogs for Sola sub-catchments (bolds refers to the best fitted theoretical
probability distribution for Akaike Information Criterion (AIC) and underlying refers to the best fitted for Anderson-Darling (A-D) test. The
symbol ¥ means, that the best fitted distribution was selected by Quantile theoretical-Quantile empirical (Q-Q)and probability plots analysis.

HO03

Sub-catchment | Monod of lower)  py. ution L&S K K-S AD AIC Selected
limit estimation
Zywicc GA 3.5530 0.3039 25.8521 316.0350
OBS A-D GE 3.5508 0.4863 0.3028 357393 316.2770 =
Zywiec GA 2.9672 02715 19.9196 97.2590 v
MOD AIC GE 20972 0.4341 0.2702 19.8280 975187
H04
Zywiec GA 3.5530 0.3039 758521 316.0350
OBS A-D GE 3.5508 0.4863 03028 75.7393 316.2770 =
Zywicc GA 3.8366 - 03234 20,7588 1.4314 v
MOD AlC GE 3.8279 0.5165 03224 206316 18855
HO3|
Zywiec GA 3.5530 0.3039 258521 316.0350
0BS A-D GE 3.5508 0.4863 0.3028 75.7393 316.2770 B
Zywiec e GA 11661 0 208 03167 303203 541876
MOD GE 4.1500 03158 30.1451 53.8405 v
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Catchment of Sola

Transformation function

River
HO03 GEAD-GAac
Zywiec HO4 | GEAD-GAalc
HO5 GEap-GAac




& HSAF

Support to Operational
Hydrology and Water
Management

o root mean

. A_F square error| A
(RMSE)
CORR OBS

HO3 ™yiop ops | 2086
CORR_OBS

HO4 —Fiop oms | 1772
CORR_OBS

HO5 MOD_OBS -1.959

H- | efficiency A

SAF index
CORR OBS

HO3 —riop ops | 71444
CORR_OBS

HO4 —iop oss | 71277

Hos FEORROBS | 350
MOD OBS

Hl{_

o maximiun

QAF absolute A
deviation
CORE OBS

HO3 \op_os | 1570
CORE OBS

HO4 MOD OBS -21.64
CORE OBS

HO5 MOD_OBS -.661

H— Imeatry

QAF absolute A

error

CORE. OBS

HO3 —\rop oss | %78
CORE. OBS

H04 rop oss | %2
CORE. OBS

HO5 10D OBS -0.851

H— IMean

QAF squared A

erTor

CORE. OBS

HO3 MOD OBS -17.778
CORE. OBS

HO4 10D OBS -15.695
CORR _OBS | ¢ cng
MOD OBS
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Summary
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The usage of precipitation products sometimes can
improve the performance of the models...

Some peaks are well simulated (some events were
partly successfully simulated)...

Precipitation products can be useful if there is no
other information on precipitation amounts...

Some ,,operations” can make precipitation products
more useful in hydrological modeling (,,updating”)
To make precipitation products more useful for
hydrological purposes it is necessary to develop
merge products/blended products (H-SAF products +
ground data + radar data) and correction methods



