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MOTIVATION
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— Water is an essential source for food production and drinking water

| — Countries where a large part of the population depends on the
agrictultural sector are strongly affected by water shortages, for
— example South Africa

S m—

— Important to build a realistic picture of the response dynamics of
fluxes precipitation to water storages and vegetation

— Analysis of surface and subsurface water mostly based on in-situ data
or models; GRACE data rarely explored due to resolution issues, does
3 not separate storages
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Model simulations

- Enable extending the very local scale to
a regional or global scale

- Here we use Watergap 2.2d/e Water

storage and vegetation measures

- Based on assumptions and forcing data
uncertainty

- E.g. there can be unrealistic values of
actual evapotranspiration (AET) in some
regions compared to observed AET:

(a) Cross-correlations (b) Lags
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Observation-based data
- GRACE assimilation into WGHM
- Soil mositure
- Surface water
- Groundwater
- Vegetation indices from remote
sensing
- MODIS Actual
Evapotranspiration
- MODIS Leaf Area Index
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;\ Revising precipitation - water storages - vegtation signatures
\\\5\5\" with GRACE-based data assimilation

H. Gerdener, J. Kusche, K. Schulze, G. Ghazaryan, O. Dubovyk

* AIM: Assessing modeled water - vegetation dynamics by
observation-based data sets

!
=~
@{é * Methods:

Principal Component Correlation Analysis
Analysis —  Extract correlations and
—  Extract dominant modes lags between data sets
— e.g. Drought or ENSO related

Regression model Process Model
—  Extract subsignals — Relate current water storage
—  Relate Ampltudes and to precipitation of the same

Phases month and previous month
water

o(i)paw = o(J)aw — ¢(j)p, Si(t) = ¢ - Si(t—1) +d; - Pi(t),

X =PE",P = XE,
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Duration for precipitation recharging N\
surface and groundwater storage is shorter
modeled than observed

Soil moisture Surface water Groundwater

Model overestimates precipitation amount
contributing to water storage (same for
water storage amount contributing to
vegetation)

Cross-correlation

Observed propagation time of vegetation to
soil mosture if often shorter than in the
model

Lag

J
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1) Observation-based data sets enable a more realistic picture of
water propagation through water cycle as compared to the
model

—>emphasize the need for assimilating GRACE observations into
the models

2) Insights will help modelers improve model structures; e.g. during
climate events

OUTLOOK:

* Compare the water — vegetation dynamics in other hydrological models
with our data sets

* Extend the assimilation framework further: Global analysis, include GRACE-
FollowOn, simultaneous calibration and data assimilation

Contact:
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GRACE — Real observation

— e~ Data Assimilation

Based on Eicker et al., (2014), Evensen (1994)

Surface

Snow
Soil

11}
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Spatial resolution ca. 300 km
monthly

>

WGHM — Hydrological model

5] mm
-400 -300 -200 -100 o 100 200 300 400

Spatial resolution ca. 50 km
daily

By assimilating GRACE into WGHM...

... the model gets closer to reality

GLWS: Global Land Water
Storage data set

... the spatial resolution of GRACE is increased available based on GRACE/-
... the vertical resolution of GRACE is increased D sl e
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Improving the realism of model simulations by
updating the model prediction with observations

Ensemkk:.le/ f Forecast of each quated state
Perturbing o ensemble member attime t,
model state

Integrate the observations into the model
based on the ensemble spread (Evensen 1994)

/_A_\

X =X, X8

state estimate /
X =X, + K, (Y —AX,) Model state at

time t, to t1 to

observation

time
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Multi Linear Regression

X(J,1) = 39 (1) + 2, ()t ~t,) +by () cos(at) + b, () sin(a) + ¢, (j) cos(2eat) + ¢, () sin(2uat)
A ams = VB2 5,07 ¢(J) s = arctan(zld)y

ACi)en a()
Ao =250 ([t = Dow ~#(0)p

Process Model

_ Sit)=c;-S;(t-1)+d;-R(t)
oy V.(t)=e,-V,(t-1+ f,-S,(t)
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