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Introduction

EU FP7 CryoLand 2011-2015

®  Products and Services for satellite based Snow and Land
Ice data

= Fully operational demonstration service with Pan-
European data is available at www.cryoland.eu

= |nteractive web-portal or automatic download from WMS
server

Integration of CryoLand data in hydrological modelling

= Tools for integration of CryoLand snow products in
hydrological models

=  Download, pre-processing, assimilation

Hydrological modelling

= Evaluate impact on stream flow simulations of assimilating | \‘M r)
satellite snow data |



http://www.cryoland.eu/
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Data integration in hydrological models

Functionalities:

=  Automatic download of CryoLand data for a particular
area and time of interest.

"=  Transformation of raster data into time-series for
hydrological drainage basins.

= Assimilation of snow data in hydrological model for
comparison and/or model state updating.

Developed tools:

= Scripts for automated download and transformation of ﬂ
raster -> basin averages.

= Data assimilation module in the open source HYPE
model.
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Case-study: Sweden

Hydrological model S-HYPE
= Swedish operational application of HYPE model

ST
) [Swedegn)

CryoLand satellite snow products used in the study: f‘g(rf:;g;e

= Pan-European Snow Water Equivalent (SWE) - FMI e
= Satellite-based microwave radiometer data (DMSP SSM/I)

and weather station snow depth data

" Pixel size 0.1°x 0.1° (~10x10km2) R e 5

B S;
Polska Slares)

(Poland)

=  Pan-European Fractional Snow Cover (FSC) —-ENVEO/SYKE

= QOptical satellite data (MODIS/Terra) + Dalily data 2011-2013
= Pixel size 0.005°x0.005° (~500x500m?2) * Pan-European area:
72°N / 11°W to 35°N / 50°E.

= Scandinavian Multi-temporal/sensor FSC products - NR/NORUT
= Multi-temporal (latest cloud-free information last 7 days)
=  MODIS/Terra (250x250m?2)
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Hydrological Predictions for the Environment Model

i
Rainfall, dePosition
Snowmelt

"7 Contribution from other hru:s

Lindstrém et al., 2010, Hydrol. Res 41.3-4:295-319.
Stromaqvist et al, 2012.

HYPE Open Source Community!

http://hypeweb.smhi.se

S-HYPE

450 000 km?
38 000 sub-basins
Mean sub-basin size: 11 km?

Input data

Land and soil characteristics
Elevation
Sub-basin and Lake delineation

Interpolated P and T station
data

Step-wise calibration

General, Soll, Landuse,
Regional parameters

Discharge observations (~300
stations)
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Two options for snow data integration:

1) Evaluation of model and data agreement (visual or numerical)

Correlation, mean, standard deviation, spatial patterns

2) Data Assimilation for model state-updating usina Ensemble Kalman filter

C -.'ﬂ'

X =Xx?+K(y—Hx?) K=—77

Model states are updated as a function of co-variance between the
model states and the discrepancy between model prediction and
observed data (aka 'innovation’)

Important that model and data do not disagree too much!
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Model and data comparison - SWE
Pan-European SWE product (FMI)

= Good agreement in central part of
middle and northern Sweden:

®  [orests
= Non-mountain areas

= Correlation is high
(except for the south)

Low

= Variability and Mean value differs:

= In the south (little snow and lakes) 2
= along the east coast
= western mountain range
1
" Problem for the satellite or model?
®= Mountains, surface water, coastal
areas, areas with small amount of 0

SNoOwW
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& .9 SMHI

Model and data comparison - FSC

Pan-European optical product ENVEO/SYKE

= |n general avery good
agreement between model and
satellite data throughout Sweden

=  However, the temporal
variability is different in the most
alpine part of the mountains in
northern Sweden

"  Transmissivity model is well-
adapted to boreal forests.
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& .9 SMHI

Model and data comparison - FSC
Multi-temporal/multi-sensor Scandinavian product (NR/NORUT)

Best agreement in the mountain
areals

Satellite product originally developed
for Norwegian mountain areas

Better temporal coverage — less cloud
masking

Not intended for forested areas

Correlation still high in forest

= Potential to improve for forest
areas?
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Intermediate discussion

= Good agreement between Pan-European optical FSC product and S-HYPE in
most parts of Sweden.

= Multi-temporal FSC product had a better agreement in mountain areas

=  Pan-European SWE product and the model agreed rather well in central-northern
Sweden — disagreements in the mountains and along the coast.

= How will the quality of river discharge simulations change if we assimilate the
satellite snow data in the simulations?

= Can the satellite information help explaining inter-annual variations better even if
mean value is wrong?
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Assimilation experiment

= 9 non-regulated basins with discharge observations
= Rather small (~1000 km?)

= Distributed on “good” and “bad” areas according to
previous comparison

MEAN , /MEAN ,

= 5 types of simulations:
1) Deterministic (single simulation)
2) Ensemble without assimilation
= 100 ensemble members
= Random perturbation on P and T

3-5) EnKF assimilation with Test-basins represent:
3) SWE 10-85% forest cover
4) FSC (optical) 40-950 m.a.s.| (mean)
5) FSCM (multi-temporal optical) 7-1100 km?
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Good exmple: Abiskojokki, northern Sweden.
Both SWE and FSC data improve stream flow simulations
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Bad exmple: Vattholma, south-east Sweden.
FSC data improve stream flow simulations

SWE data deteriorate the stream flow simulations (amount and melt problem)
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Impact on river discharge simulations

« Overall, rather small changes - small improvements just by ensemble-mean
« SWE-assimilation reduced the model performance in 7 and improved in 2 cases
« FSC-assimilation improved model performance in 5 cases

. . Improved/reduced
Simulation KGE A C E F G H
performance (sum)
Q 044 084 055 0.67 0.41 0.82 0.82 0.88 0.57

Deterministi

reference

Ensemble 0.47 086 053 064 044 085 082 090 056 5improved, 3reduced (+2)

EnKF_SWE 0.83 080 019 034 0.55 0.49 0.81 0.53 0.56 2 improved, 7 reduced (-5)

Q
Q

EnKF_FSC Q 0.61 085 056 0.72 -0.04 0.64 0.82 0.88 0.62 5improved, 2 reduced (+3)
Q

EnKF_FSCM

041 068 055 054 0.47 0.64 0.58 0.80 0.54  1improved, 7 reduced (-6)
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Known issues with SWE microwave data

o

30

22,5 4

15 4

15 4

L R T e D VR e Saturation at ~150-200mm

225

T T T T T T
nov ian mar maj Jul e
2012
1
0,5
0- T T T T T I‘
nov Jan mar mai Jul sep

. Fixed snow density
AJ,Jf[\\L]‘”‘L,h o Spatial swe distribution

-

maj
|

JM‘
T T
Tan "rar
2013
T T
Tar Toar

T
now
—T T
o maj

150

a0

Potential ways forward:

Estimation of the (microwave) effective
SWE using the spatial variation in the
hydrological model and assuming a
certain saturation level.

Basin mean SWE (model)
Effective SWE (model)

== mums CryoLand Pan-Euro SWE
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Summary

Tools were developed for integration of CryoLand data in hydrological model and
are available to interested users.

Comparison between CryolLand Satellite Snow products and S-HYPE model
simulations in Sweden using the KGE-index was useful to identify the spatio-
temporal properties of the data and the model

CryoLand Satellite snow data seem to provide useful information to improve river
discharge simulations in Sweden (both FSC and SWE)

SWE data would be the most valuable, but also the most uncertain.

However, it seem to be possible to relate systematic biases in microwave SWE
data to snow spatial distribution and snow structure simulated by a model or in-situ
data.

SMHI will continue testing CryoLand data operationally during 2014-2015.
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Possible to relate model-data-biases to basin characteristics? mHI
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Test basins:

Stream flow Forest | Lake

River basin . Lat Description
Station/Code (%) (%)

North, mountain,

Tornionjoki Ovre Abiskojokk A 68.3 18,5 565.1 953.4 261.2 9.9 2.6 Sl
o e North, inland
e Mertajarvi B 683 221 390.8 4194 463 479 52 foc:ast nan
. ) North-west,
Umealven Tangvattnet C 65.9 14.7 194.6 718.1 167.0 18.5 9.0 .
mountains
I-
IGEl Vs | Medstugan nedre D 636 123 2247 6547 835 242 106 Conwalwest,
lake area
. Central, inland
Ljusnan Ryggesbo E 61.6 15.7 148.9 303.3 71.6 83.4 6.5 forest

Central-east,
coastal forest
Central-west,

Testeboan Konstedalsstrommen F 61.0 16.4 997.8 255.7 95.6 82.3 54

Dalalven Ersbo G 614 127 11032 7320 1718 519 0.3 .
mountain, forest

Norrstrém Vattholma H 602 178 2937 386 104 743 31  -ouheast
coastal forest
South-east,

Soderkopings
an agricultural

Ryttarbacken I 58.5 16.0 7.3 61.8 9.6 35.2 0.0




