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Introduction & Motivation Terrestrial Water Budget Concept

Decades of anthropogenic land-use change and increased water-use have impacted the The fundamental concept behind the
regional water- and energy-cycle. In the DFG-funded Collaborative Research Centre 1502 terrestrial water budget is that any regional
DETECT we analyse water mass fluxes across the terrestrial-atmospheric interface and change in Terrestrial Water Storage (TWS,
other near-surface budget-contributions from model simulations, reanalyses and remote short: S) with time is balanced by net in- and
sensing observations over large river basins across Europe (EURO-CORDEX). out-going water mass fluxes  from
Modelling results are combined with catchment-integrated observations such as GRACE/- Precipitation  (P),  Evapotranspiration &
FO derived water storage variability and river discharge. We compare budgets from Condensation (E), and River Discharge (Q)
DETECT’s modelling system, including ICON and fully-coupled TerrSysMP (TSMP), to over the same region.

reanalyses and climate simulations over the past ~25 years. In DETECT we use this concept to check
The project identifies possible systematic offsets in data products and aids in the external/new modelled data for systematic
quantification as to what extent regional variation of land- & water-use contribute to offsets, .and to derive individual component
budget changes. time-series when the other ones are known.

Data, Models and Validation Framework

g External P, E, Q, TWS N ( DETECT ICON-CLM-TERRA: SST h (DETECT ICON Irrigation Experimentx g DETECT TSMP1: Human Water Use h
*P (‘obs’): E-OBS, GPCC, IMERG, CRU, GIRAFE * Regional, 12 km (R13B05), 2002—-2011 * Regional, 3 km (R13B07), 2010—2019 * Regional, 11 km, ~1980-2020
*P (‘rea’): COSMO-Reab, ERA-5, MERRA * Purpose: study the effect of different sea * Control run + irrigation scenario based on * Fully-coupled: COSMO, CLM, Parflow
* E: GLEAM, CRU, fluxnet, furthermore: latent surface temperature inputs on land-atm. irrigated areas by Siebert et al. * Control run + 2 HWU options
heat flux conversion net water mass flux (P-E) = |
* Q: GRDC, GR2Msn, Altimetry (not shown here) * SSTs: T <L | \ , 6:\_ Q (= TerrSysMP
* TWS: - ERA5¢T: hourly, skin, assimilated gy e, i e e comsrmmrs,
-various GRACE/-FO L2&L3: e.g. - ERA5>T: daily, foundation, from obs. T onsiss
ITSG-Grace2018, COST-G, GSFCm - MURSST: daily, foundation, from obs.
-GLWS2, G3P ‘"
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* Joint analysis
* Qualitative feedback

Evaluate datasets over PRUDENCE regions and major European
catchments, with monthly resolution (averaged, accumulated). This
takes notable effort in post-processing of (1) modelled data output
from within DETECT and of (2) external datasets. We avoid re- *
gridding and integrate within original rotated systems (where gy

. . - . 7/ Input data homogenisation, Kernel-averaged Generate time-series
applicable). TWS change is derived by means of gap-allowing central accurate datetime m-o-m monthly integration, no  For dS/dt (post-int): gap- . Bias detection. Relative offsete
. assignment, baseline referencing, re-gridding allowing central differences S — charact'e e
d |ﬁe Frences. streamflow/area conversion
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s S/dt+Q smoothed £ . e L
100 - 8 0k ERA-5 mostly wet TSMP rather wet in general S
. £ 1001, . = / tendency to be wetter with HWU
= c . %* o
c o ° . o* = T . ‘ ’
S 50 A\l | ‘ / l £ R . 0’ e e, & 100 — e ICON /w irrigation ‘wetter —
= / f} e 50 o.g . ®s L - ';.'! °t. Q ;, \
& y (| A f \ E '..3 .:r. o® ; ® o : [ ] b 3' oo, (&) {,A\\‘.\
€ / . W h Al o ‘ ':53 S R R e £ 80 7 Ay \‘\ ~
0 | - : \ o M W3 oN; 8 RIEE - BRON LR G f ' r . i S \' -l
Y \/ W N N V/ 0 R S R AR gi o e AT NG
1 * Y | o olel, o * ....' o m 3 \ o ’
’ ( b () ..'. .u ’5) 60 \ ‘ R
) ' / PR - 3 v ot
-50 | -50 F * e =
° E 40 — —
C . L] . . L]
| | | | | | | | | Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 8 ‘cooler’ skin temp: less precipitation ICON & TSMP both consistently
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 20— E-OBS mostly dry show opposite behaviour in 2019 —
0 l J l l l J l l J
2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022

We analysed P,E net fluxes across the atmospheric-terrestrial boundary from DETECT D02 Monthly accumulated precipitation over the Danube catchment (Ceatal Izmail station)

ICON CLM modelling with varying SST forcing, and compared them with their observed From DETECT: 3xD02 (SST), 3xD02 (Ctrl+2xHWU), 2xD03 (ICON-Ctrl & ICON-Irri)
budget counterparts, i.e. the sum of storage change and discharge. For reference: E-OBS (‘dry’), ERAS (‘wet’)
>ERAS5, in comparison, has systematically larger positive budget residuals (“wet-bias”) *>|CON with irrigation and TSMP-HWU show slight ‘wet’-tendency, ICON with TSKIN ‘dry’
>P E-differences between SST-runs are small, vary regionally, but the ‘colder’ TSKIN SST >TSMP shows a general wet-bias (more notable in other basins)
leads on average to systematically more negative residuals. >Notable regional differences; Danube is representative for general large-scale behaviour

Quick facts & Take-aways Notable Implications & Learnings for the Space Sector

* We evaluate precipitation and evapotranspiration from regional ICON and TSMP models. * Satellite-Gravimetry: Need for continued observations and better spatio-temporal resolution

* With SST perturbations in ICON, we observe very localised differences in P-E patterns; use of the * River discharge in moderate climate is a fundamental part of the water budget; the availability of up-to-
‘colder’ skin temperature leads on average to relatively less precipitation. date databases in this regard however has huge potential for improvement for different reasons. New

* We do not (significantly) see general identical behaviour everywhere — but in a statistical tendency, we on-orbit sensors (Sentinel, SWOT, also optical) have recently lead to alternatives in order to
observe higher precipitation with integrated irrigation (ICON), and a wet-bias in the coupled-TSMP. complement gauge readings on the ground; and also inexpensive reflectometry with GNSS shows a

* In all scenarios, the gridded observational product E-OBS appears dryer than most other products. huge potential in this regard.

* Current model-implementations of human water-use / irrigation are rather basic and very much
restricted by available information. Continuous and reliable observations from orbit of soil-moisture,
leaf-area, crop-types and irrigation would strengthen analyses as demonstrated in this work.

* In all scenarios, ERA-5 reanalysis precipitation shows a tendency of a ‘wet’-bias in comparison.

> Water budgets can be closed considerably well with GRDC- & GRACE-observations, and water-use leads
to expected responses (flux intensification); however the differences are small w.r.t. uncertainties.
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