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== LINK BETWEEN HYDROGEOLOGY == RECHARGE
AND MODEL STRUCTU RE We use recharge time series from the physically based

Michael Stoelzle et al. TRAIN model. The water balance model TRAIN simulates

different fluxes and state variables at the soil-water-
MAT

atmosphere interface and was set up to generate daily
aqulifer

discharge time series over a 1km resolution. Recharge
Py == BASEFLOW = DELAYED FLOW

D 1 1 2 Stress test modelling to assess catchment drought resistance and recovery

EGU 2020
Page 2

PA2

1.00

Page 2

translate recharge into baseflow the long-term recharge
sum for each catchment is adjusted to match the long-term
baseflow sum.
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Detailed methods and additional results
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mm STRESS TESTS == CATCHMENTS

Baseflow stress testing uses historical extreme 54 study catchments located in Southwestern Best model structures are linked to catchments’ hydrogeology components with different delays were identified. The

events and simulate their progress under drier Germany. Catchment areas are 10-250 km?, _ | _ ’ fastest (short-delayed) component was removed from

preconditions. The catchments’ drought mean area is 100km=<. Catchments are all rainfall- B.g. L= lmation bsst meds @ malnly paoas agkliars, L1 observed streamflow to derive a continuous baseflow

. . . . | ) for karstic etc., LAY Is more versitle structure, PAZ Is comapred .

restistance Is then assessed by the degree of dominated and have variations in precipitation, . . series.

response on stress testing, e.g. baseflow evapotranspiration, geology, land use etc. Urban wa Lesr i I ppirogeniogy 15 mare TRmeganags.

recovery from stress tests. areas are negligible. Flow regimes (flashy, — CA Ll BRAT'ON and OF

moderate and stable) are classified with low flow

The last period with median streamflow before stability index Qg/Q;,. I BEST MODEL STRUCTU RE'? Calibration of the two-parameters box models is done with

major drought events (1991, 2003, 2011, 2015, evolutionary global optimization via the Differential

2018) is identified as starting point for stress == DATA Only best model calibrations  Other calibrations =volution algorithm (R package DEoptim).

testing. From this point recharge stress tests The objective function (OF) minimizes a equally-weighted

with durations between 1 and 24 months We use data from the last 35 years (1984-2018) PAD combination of MARE (Mean Absolute Relative Error, %)

reduced the pre-drought recharge to quantities Including five major drought events in Germany e and logKGE (-). Both parts are calculated split-wise for

with a return period of 50, 100 and 200 years. (1991, 2003, 2011, 2015, 2018). Observed @ each year. For MARE calculation more weights are given

The calibrated model structures then simulate streamflow and recharge series are converted to % oatl to periods with low flows and periods with higher

stress test series (i.e. baseflow) with the pentads (five day blocks) to ensure that recharge o LBY1 proportion of baseflow.

decreased recharge input. dynamic Is not overestimated and to improve % Fl EX3 Model warmup are the first 5 data years, calibration period

coumputation time. P 1L EYS IS between 20-26 years, validation period is 4 years (the
= years 1995 - 1998 included for all catchments dry, wet and
fa average years).

MODEL STRUCTURES: DETAILS (6 of 9 boxes) === —
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henchmark Benchmark performance (%)
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- i E PA2 and LAY are the best performing model structures (77%). Stoelzle et al. (2020): Beyond binary baseflow separation:
L | ¥ R Some catchments (23%) have MAT, LBY1 and LL1 as best a delayed-flow index for multiple streamflow contributions.
' = structures. All structures are superior to a simple linear storage Hydrology and Earth System Sciences, 24(2), 849-867.
fing box (L1) which Is still often implemented in hydrological models
INQ OUr : '
Simple linear LL1: Extenstion of  LBY1: Extension of Two parallel The MAT-structure (from  For this layered structure to simulate low flow. Stoelzle, M., Weller, M., Stahl, K., Morhard, A., &
group on storage (L1) as L1 with leakage L1 with a by-pass. storages (PA2), matrix) has a mobile and  (LAY) a storage threshold £ is Schuetz, T. (201 5); Is there a Superior Conceptual
. : : i . . . . .
twitter bgnchmark model parameter (%). By p_assed water both gain 50% of |mmt:-b|lt_a segment. Only c:ahbratepl. S_tqrage_ vqlume groundwater model structure for baseflow simulation?.
with recharge as Leaked water from fraction (%) Is recharge each the mobile segment below £ Is divided In five :
Input and baseflow storage I1s not recharge that timestep and each  (here on the right side) compartments with the ratio Hydrologlcal Processes, 29(6): 1SDil=1S1S.
l as output. Storage considered for the directly becomes compartment has  drains and sustain 16:8:4:2:1 (from bottom to I B E N C H MARK
coefficient k water balance. baseflow (without n individual baseflow. A parameter top), the largest compartment
SO E iz :z::g‘;)e'aye‘j e ?;‘;rzﬁz E;)Eﬁ'c'e”t fﬁ;;‘;‘;gﬁt?gz‘gee” iﬁfﬁ”&wglgatiié?:ﬂiil h For each catchment the performance of the eight model Carey, S. K., Tetzlaff, D., Seibert, J., Soulsby, C., Buttle,
filling) of both segments.  is also drained with 5k. structures Is compared against a simple linear model (L1). With J., Laudon, H.,... Kennedy, M. (2010). Inter-comparison of
this benchmark a general ranking of the different structures and hydro-climatic regimes across northern catchments:
a catchment-specific ranking is possible. With the benchmark Synchronicity, resistance and resilience. Hydrological
variations in model efficiency across catchments are adjusted. Processes, 24(24), 3591-3602.

Detailed description of the model structures in Stoelzle et al. (2015)
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