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Project Structure

Geodesy

* Evaluation and
Correction of GRACE

Errors
/ —> Calculation of Mass

Hydrology Variations for Climatic
Atmosphere
* |dentification of Climatic Zones and Catchments
Zones and known * Determination of
Hydrologic Signals Atmospheric Water
> Determination of Water | ” Transport
Balance > Determination of large
(ETa, dS/dt, Q) scale source / sinks of
t heric moisture
on large Catchments atmospheri St
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(@) Evaluation Approach

Large Scale Water Balance for Catchments :

0S oM 0S

P-ET,-R=— & — « —=-V-(qi)-R
ot y ot \8t y
\_Y_/ A
Hy%ogy GRACE Atmosphere

Hydrology :

* Meteorology : P=P_4, + P,y a@nd ET, (Solil, Vegetation)
* Catchment Runoff R

GRACE :

* Total Mass Change dM/dt

Atmospheric Input :
* Moisture Flux Divergence (MFD) —V - (QU)
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(@) Main Aims

Direct Determination of large scale actual Evapotranspiration

< Quantification of mass errors :
- Hydrology (P, ETa, R)
- GRACE (dM/dt)

Evaluation of Atmospheric Moisture Flux
- Hydrology, GRACE

- Improved Global Waterbalance and Discharge from Land Masses

Development of Local methods for Satellite Gravimetry

by use of corrections from known terrestrial signals
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(@) Steps

Evaluation Phase :

1) GRACE <= Hydrology : aﬂep_?/_R

ot
- ET, negligible - for certain areas (Deserts, Boreal, High Altitude)

—> for certain times (Winter, Dry Season)
- R~0 —> Dischargeless Basins

- Hydrology = most accurate known mass changes on large areas

~ M
2.) Atmospheric Moisture Flux <-> GRACE : —V-(qu)—R<—>a—

ot

Application Phase

M
* DirectETa ET,=P-R _M

ot B} OM
* Discharge from ungauged Catchments R = —V-(qU)—

at
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Data Situation : Space

Global Distribution of recent Discharge Data until 2004

Dischargeless areas
+ Gauged Catchments
= 43% of Land Masses

Sources:

 GRDC, USGS, ArticRims Project, Water Survey Canada,
* Mainly Daily Values
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Data Situation : Time

Data Availability

Precipitation
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(%) Data Situation : Consequences
=~

Availability of Precipitation and Moisture Data until 2004

- Direct Water Balance with GRACE for only 2 years

- Limited possibilities for Error Quantification

Use of Statistical Data from longer Time Periods (GPCC, GRDC, ERA40)

= Investigations on Mean Monthly Behaviour

(different length of available time periods)

= Investigations on spatial Characteristics of Catchments

Institut fiir Wasserbau
Stuttgart

Geodatisches Institut ﬂ(l I Institut fir Meteorologie und
Stuttgart Klimaforschung IMK-IFU
Karlsruhe Institute cr'lr!:'i'nttln-;;:.'




72—
(e) Water Balance

Mean Monthly Behaviour Siberian Tundra

Mean Monthly Water Balance
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- Reasonable Annual Behaviour

-
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(e) Water Balance

Monthly Behaviour Siberian Tundra

Monthly Values

100

g —e—P-Q 2003
E 50 dM/dt 2003
(<) ---m--- dM/dt 2004
4

5 ---e--- P-Q 2004
; 0 —a—ETa 2003
= --u-- ETa 2004

@8RS YRS S

- Variations +/- 20% - 30% of Annual Amplitudes

-
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(@) Signal Variations

Variations = Physical Fluctations (Hydrology, GRACE) + Error ¢

Quantification of Variations :

Focus on Interannual Monthly Deviations from Mean Annual Behaviour = Residuals

- Elimination of Annual Behaviour

- Residuals of Hydrology (wet / dry year) :

dS/dt ~P-R (where ETa ~ 0 for Tundra, Winter, High Elevation)
dS/dt <P (where ETa <~ P for Deserts)

- Residual of GRACE Mass Change Rates : dM/dt
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(@) Variation / Signal for GRACE

Stdev of GRACE Residual / GRACE Mean Annual Range
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- Mean Variation / Signal GRACE ~25%
- Smaller for large, tropical Catchments
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(@) Correlation: GRACE <-2 Hydrology

Correlation of Residuals between Hydrology and GRACE

(for different catchments, for 2003-2004, where dS/dt =P — R >0 with ETa < 15mm/mo)
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- No systematic Correlation of Residuals between Hydrology and GRACE

Hydrological Experience - Hydrological Residuals ~ Climatic Fluctuations > Error €

- Need for High Accuracy Quantification of Hydrological Uncertainty
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(%) Correlation : Hydrology <- Hydrology

Spatial Distribution of Temporal Correlation of Residuals between Catchments

(River OB versus different catchments, for time periods where ETa <~ 15mm/mo)
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(%) Correlation : GRACE -2 GRACE

Spatial Distribution of Temporal Correlation of Residuals between Catchments

(River OB versus different catchments, for time periods where ETa <~ 15mm/mo)

[ || [ | |
-ﬂ_: = r w:—.— = - ja'-ﬂﬁi__‘ T
= 4 N = L =T e i
~— o L = . e
ol -
o S ll ":l;é L
r ¥ #
- T Ealils ,i}‘
% G R R TR el e
- ==, B ™y Tl >
K 0% SN N J RS
b, [ - i i
= el _. il ) i Tt o o
i%ﬁ =TT L[ : E‘Ar&_ B LY
byl q i
1 ‘\.. ., 'ﬂ:} JI" F rd
—[ Grace_com_oh e = p ;:w ‘: { 1
-~ -0 ﬂ“.‘l Pt N wl@"*. L~ Ty
- I 08--08 - ] = —
— [ ]-0e--04 h L AP el il I .
[ ]-04--02 S M LR ln Ll "xf_§ =
= -0.2-0.2 4 Lo /i | lﬂfh ™
— 0.2-0.4 1: i b j,i ;‘}
e =
— [ Jo4d-05 N .
- [ ee-os ol L"-‘:g_—" "
~ [ os- \ﬁ- &
— [ waDatz = '8 i
‘_‘_._,_-F'_"L-.__.\_ ——— ]
= —ﬂ_a-ﬁﬂ‘ il i—"’"“"m ?J' -
e “i"'_z "'-.——H‘_"_._ b

Institut fiir Wasserbau
Stuttgart

Geodatisches Institut ﬂ(l I Institut fir Meteorologie und
Stuttgart Klimaforschung IMK-IFU

Karlsruhe Institute of Terl’nnlng}'




(%) Correlation : Hydrology €- Hydrology

Spatial Distribution of Temporal Correlation of Residuals between Catchments

(Sahara_N versus different catchments, for time periods where ETa <~ 10mm/mo)
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(%) Correlation: GRACE -2 GRACE

Spatial Distribution of Temporal Correlation of Residuals between Catchments

(Sahara_N versus different catchments, for time periods where ETa <~ 10mm/mo)
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Comparison of Signal Variations

GRACE <-> Hydrology * for catchments

* for long time series when ETa <~ 15mm/mo
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GRACE Signal Variations
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GRACE <- Hydrology e for catchments

¢ 0,2

e for long time series when ETa <~ 15mm/mo

* 05

GRACE variations
— Threshold = 10mm

= Atmospheric Error (J. Wahretal. ) 7?7

(1 mbar = 10mm)

- Task for Atmosphere Research

¢ 0,2
* 01 y = 1.2545x + 10.659
R2=0.3482
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(@) Atmospheric Research

Improvement in Atmospheric Pressure Distribution by Regional Modelling

Evaluation of Atmospheric Moisture Flux <-> GRACE, Hydrology

- Improved Global Waterbalance

- Discharge from Ungauged Catchments

- First Approach of a Comparison with Statistical (Historical ) Data

- 15 years of (-MFD-R) _ﬁ.(qg)_R:§

ot

- 4 years GRACE
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Atmospheric Water Balance €<-> GRACE

Mean Monthly Values  (Statistical Comparison)

Mean Monthly Water Balance and Moisture Divergence Mean Monthly Water Balance and Moisture Divergence \
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(@) Atmosphere

Deviations and unphysical Behaviour in Atmospheric Moisture Flux from :
* Uncertainties and Differences in Atmospheric Data Sets
« Atmospheric Model Type / Physics
» Different Spatial Resolutions

- Improved atmospheric moisture fluxes & air masses by

Regional Atmospheric Modelling

* Global fields vs. regionalized WREF fields
 Impact of global driving (ECMWF vs. GFS)

 Impact of time stepping

1) MFD vs. ET-P (Exemplarily analyzed for Australia, January 2002)

2) air masses
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(%) Regional atmospheric modeling

Downscaling of global atmospheric model fields to regional scales:
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(@) Regional atmospheric modeling

Global atmospheric model = 90 x 90 km? (ECMWF) Regional atmospheric model 30 x 30 km? (WRF),

Timestep (output) 6 hours Timestep 180 seconds, 27 vertical layers
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P-ET (mm)

MFD vs. P-ET & global vs. regional models

MFD regional
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(@) P-ET vs. MFD cumulative

P-ET(mm)

@
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Modelled Atmospheric Mass Variations

- Australian mean JAN 2002

o | Ohoursresolution PSFC regional model, WRF 30 km
& ECMWEF opergtional analysis
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Geodesy
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GRACE Signal Variations

STDEV (dM / dt)

GRACE <—- Hydrology
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GRACE variations
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(@) Geodesy Tasks

Effect of filters: attenuation, biased estimation

* functional vs. stochastic

* isotropic vs. anisotropic e.g. Han et al.

* filter parameter choice (e.g. cap radius) e.g. (Chen, Wilson, Famiglietti, Rodell; 2007)
* destriping or not e.g. (Swenson, Wahr; 2006)

* omission and commission errors e.g. (Gunter, Ries, Bettadpur, Tapley; 2006)

Effect of correlation/decorrelation

* propagation of full error VC matrix e.g. Schrama
* simulation of normal matrix structure e.g. Kusche
Effect of basin function e.g Wilson et al,

Institut fiir Wasserbau Geodatisches Institut ﬂ(l I Institut flir Meteorologie und
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Error Budgets: Wiener Filtering
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filters and windows

Anisotropic filter; My = 500km, r,= 1000km, m1 = 15 (SC Han et al)
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some filtering effects

Amazon river basin
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some filtering effects

Ganges river basin
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(@) Summary

No systematic Correlation between Residuals of
GRACE Mass Changes and Hydrologic Storage Changes

Significant Impact of Global Atmospheric Driving Data and
Spatial Resolution on MFD and Atmospheric Masses

Significant Impact of Filter Choice (and Spectral Correlations)

on Mass Estimates and their Uncertainties

Use of Mass Constraints from Hydrology as Reference for GRACE

(25% area of land masses)
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End
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(e) Water Balance

Mean Monthly Behaviour Northern Sahara

Mean Monthly Water Balance
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(e) Water Balance

Monthly Behaviour Northern Sahara

Monthly Values
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P
(6) GRACE Residuals

Monthly Residual of GRACE Global Solutions Release IV Nov 05

Res0511
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(e) GRACE Residuals

Monthly Residual of GRACE Global Solutions Release IV Destriped  Nov 05
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Noise / Signal for GRACE

Stdev of GRACE Residual / GRACE Mean Annual Range
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(@) Next Steps

Hydrology :

* Quantification of Hydrological Uncertainties
* Selection of appropriate Reference Areas (dS/dt<10mm/mo)

* Correlations Hydrology - GRACE

Atmosphere :
* Evaluation of Moisture Flux on Regional Scales
* Evaluation of Regional Pressure Distrubutions

Geodesy :
* filter optimization
* improved error budgets
* Investigation of correlations
* functional modeling of residual signal with radial base functions
* Correlations spatial vs. spectral
* developing mass correction models for hydrological constraints
(25% of land masses)
* incorporating regional atmospheric constraints
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