How can GRACE/-FO data assimilation enhance our understanding of
anthropogenic effects on the hydrological system in Europe?
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DA framework

DA analysis

» Human activities such as irrigation, groundwater abstraction, and » GRACE TWSA are assimilated using the Parallel Data Assimilation
land use can significantly change the natural hydrological cycle. Framework (PDAF, Nerger et al., 2005). I R B

» Land Surface Models (LSMs) simulate water and energy processes but » Assimilation experiments are conducted using the Localized Ensemble ﬁ N ﬁ\
often miss or simplify key human influences. Subspace Transform Kalman Filter (LESTKF, Nerger et al., 2012). E >0 F : | |t -. ﬁ A

» Data Assimilation (DA) helps correct model states by integrating » Mapping between eCLM water storage compartments and GRACE < 0 | it S
observations, reducing limitations from missing or simplified processes. TWSA via an observation operator that performs temporal, vertical, = o ¥ V 1 : H ’

» In this context, GRACE /-FO provide valuable observations of and horizontal aggregation. ; | ! \d w | '\J \} UJ
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changes in Total Water Storage (TWS), restricting the whole
water column.

Impact of irrigation on storages and fluxes
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> We explore the potential of GRACE/' FO-DA to detect and evaluate “4 1 0 N N o o - g::f: . - a - gt:: Figure 3: Monthly TWSA timeseries averaged over major river catchments on the Iberian Peninsula
anthropogenic impacts over Europe. J\ f\ T\ N W \ A (Ebro, Douro, Tagus, Guadiana, Guadalquivir) for OL, DA and GRACE. Monthly increments applied at
: 31 | | | | [\ )\ {\W m Z 0.19 ) each assimilation timestep are visualized as bars. Grey shaded areas characterize years with a mean
Model description and experiments g | 11| | ‘ : GRACE-Drought Severity Index of < -0.5.
=
. . . =
» We use eCLM, a fork of CLMb5, over Europe with a spatial resolution of = ‘ ‘ ‘ ‘ 3010
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» Land cover information: GLC2000 (Bartholome and Belward, 2005) JVNNNVYUVUVYVV L 0.17; 10 T 7 S ., E
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» How does human water use, such as Irrigation, alter hydr0|0g|cal Figure 2: Left: Hourly evapotranspiration (ET) averaged over major river catchments on the Iberian B ° o », SRS e ° o
storage and fluxes? Peninsula (Ebro, Douro, Tagus, Guadiana, Guadalquivir) for OLpg and OL,g in July 2021. Right: Hourly 40°N| }L,\%y : _’ =3 u’=; 20°N| e L0 L f\ F—3 u’=;
o ] _ ' soil water content (SWC), averaged over the top three layers and over major river catchments on the E‘r’ of o ;:* _m}{}:‘;‘* : -10= "'; s — | NG 1 [ —102
» Do assimilation increments reflect known patterns of human Iberian Peninsula (Ebro, Douro, Tagus, Guadiana, Guadalquivir) for OLpg and OL,r in July 2021. /.,;Q:w—’ 2t S IR Sl ?:ﬁ I_lS A ; 5 I_lS
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» Water is added mainly during summer months, as irrigation is 0° 10°E 20°E  30°F 0° 10°E 20°E 30°F
Rainf darea[kﬁiﬂ 145 — .
o L demand-driven. Figure 4: Yearly averages of TWS increments for 2006 (left) and 2021 (right).
w| o G " » Since irrigation adds water without extracting from other storages, | - |
Perceotausoroplond_ WSy | TWSA in OL o | Hen irrieation | . » OL generally overestimates TWSA in winter whereas dry periods show
. ol oo in OLr increases when irrigation is active. o
| L mostly less deviation
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sl [y, OL,r generally shows higher soil moisture, with TWSA similar to OLgzf
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» After 2016, the OL bias becomes more uniformly positive
(overestimation) throughout both wet and dry seasons; its monthly
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but larger in dry seasons and lower in wet seasons (i.e., reduced annual
amplitude; not shown).
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o B L L iIncrements are predominantly negative.
e w| B AN » |rrigation primarily affects surface water fluxes and storages: | ) o difficult t
| ® . » Increment maps do not match irrigated-area patterns; difficu (0
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| ol R . o : : assign patterns to certain rological processes that are
SN el ol LS AReC | » As no water is extracted for irrigation, the impact on TWSA is not sh P _ y 5 P
S| e § P o : . . . poorly represented in the model.
e ! | physically realistic. — DA can compensate by extracting water
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» Next steps: conduct a detailed increment-analysis (seasonal and

Figure 1: Flowchart for activating irrigation in eCLM: The percentage cropland is subdivided in rainfed and

irrigated parts by using the rainfed/irrigated area fraction, derived from ECIRA. The percentage cropland is CO“C'US'O“ and OUtl()Ok spatlal) to isolate pOtentlal human S|gnatures (eg
multiplied with the area fractions to obtain percentage rainfed and percentage irrigated cropland. > Irrigation affects both water storage and fluxes at monthly and sub-daily groundwater pumping)_
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Table 1: Overview over state vector configurations and associated state vector size. model physics and Capture human influences.
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