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Impacts of drought in the catchment
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Developing and Modelling of Climate Resilience Measures
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Scientific benefits:
- Knowledge building on climate
adaptation

Modelling of combined measures
in climate and socio-economic
scenarios

Knowledge Transfer
Preservation / improvement of
ecosystem services

Climate resilience of water supply
Avoidance of climate damages and
economic losses
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A rural catchment, dominated by agriculture

Lippe Catchment Description

Location: Germany, North Rhine-Westphalia

Length, 220 km, Wesel, River Rhine

Confluence:

Area: 4,860 km?

Discharge (MQ): 42 m3s1(1965-2020, Gauge Schermbeck 1) Elevation
Elevation range: 614 m oszm
Population: 1.9 M, 382 P/km?2 om
Landuse: —— Streams

Urban
12%

== Transport canals
[] catchment boundaries
&> Gauges

X Water transfer station

sSources:
- OfFicial waterways map of
North-Rhine Westphalia, 2019 NRW GSK3E
processed by SWAT+
- Digital Elevation Model 1 NRW resampled to 10m

Particularities: * Traversed by transport canals
* Reservoirs Hullern (11 Mio. m3) and Haltern
(20 Mio. m3)
* Land subsidence from underground coal
mining
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Water used for shipping canal network

10°m?/ d

— Transferred water Supplementation W tation for the Lippe supplementation
Withdrawal
Wikipedia
Department of Hydrology and Water Resources Management — Grantz et al. 4

* (@ 37 % of discharge transferred at Hamm into the Datteln-Hamm
Canal
* (32 % of the Lippe discharge supplemented from the canal
network to ensure minimum discharge of 10 m3/s
* Modelled annual average change at the catchment outlet: + 5 m3/s
* Water transfer needs to be considered for calibration WO IRI Canal feeding structure
0.517 : " S
N . / |
05 /‘/Abstraction Point | .S |
1.0 Water Distribution '/ ’ : W;’\ S
Facility 2 ‘7'1 g o \
1.5+ KN o 3, SO
2.0 Y ! wiis < Ve A R 5
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 e & i v SRR ol 500'“



Model setup with publicly available input data

SWAT + Water Transfer
Data

Landuse

Topography Rivernetwork Soils Weather

N

DEM10 Official waterways map of Soil Map 1 : 50,000 HYRAS Product and
Mot il tiesipieliE, 200 BK 50 of NRW temperature station data of the
CORINE Landcover 2018 .
German Weather Service

Warm-Up Period: 2009 - 2011
Modelling Period: 2012 -2021
Calibration Period: 2012 — 2016
Validation Period: 2017 — 2021
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Low model performance of initial setup

Schermbeck 1

* Calibrated for two gauges (upper and full catchment) 3001

e Applied R-packages: Latin Hypercube Sampling (lhs) 5 .
and goodness-of-fit evaluation (hydroGOF) gm' ‘i

* Discharge is strongly underestimated at both gauges 5 g

* Problems with low flow representation o e
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NSE PBIAS KGE -2- modelled -=- observed

0.49 -39.12 0.55 Segmentation of the flow duration curve
based on: Pfannerstill et al. 2014
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Baseflows are insufficiently represented in the model

200-

150-

» Baseflow separation according to Lynne-Hollick (1979)
with R-Package “grwat”:
e 72% baseflow at the gauge Schermbeck 1
e 75% baseflow at the gauge Kesseler 3

T 100-

50-

* SWAT+ model, annual averages:
* 52 mm aquifer discharge (flo_cha)
68 mm surface (surg_gen) and 41 mm lateral flow

(latq)
* 32% groundwater flow

180 -

Observed
streamflow

100~
Separated a
baseflow

Modelled

groundwater flow 507

0-

Jan 2015 Apr 2015 Jul 2015 Oct 2015 Jan 2016
Date
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Standard concept of groundwater storage SWAT+

Groundwater PROCESS OUTPUT
Recharge Revaporation FLUX PARAMETER
RCHRG [ Plant REVAP CAPACITY PARAMETER
Uptake OTHER PARAMETER
REVAP
Fast GW flow
FLO
REVAP_MIN [ SrounCualer LEbie FLO_MIN | ALPHA
minimum groundwater e~ . minimum Baseflow alpha factor (1/days)
evel at which reva Shallow Aquifer roundwater leve ) !
Iocculrst " ’ _g_Stora e a it Whi(ih fltowlfrorL —r
_ STOR the aquifer occurs

RCHG_DP

Fraction to slow
aquifer

DEP_BOT _d
A

Deep Aquifer

Deep Aquifer Seepage
SEEP
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INPUT: aquifer.aqu, aquifer.con, object.cnt
OUTPUT: *_aqu_*.txt




Separating fast and slow groundwater storage R aaUks

Groundwater
Recharge
RCHRG

RCHG_DP

Fraction to slow
aquifer

INPUT: aquifer.aqu, aquifer.con, object.cnt
OUTPUT: *_aqu_*.txt

e

BOT

BOT2 DE

DE

PROCESS OUTPUT
Revaporation FLUX PARAMETER
[ Plant REVAP CAPACITY PARAMETER
Uptake OTHER PARAMETER
REVAP REVAP2
Fast GW flow
B 1 FLO
REVAP_MIN [ g;urx_\:later table FLO_MIN ALPHA
minimum groundwater y : mininTum Baseflow alpha factor (1/days)
evel at which reva FAST Shallow Aquifer S linduwater leve P! y
Iocculrst e Storage a gt whi(ih fltowlfrorL ! AL
STOR the aquifer occurs
Groundwater table =1 Slow GW flow
?Wﬁi—“ﬁb‘? [ DEP_WT2 FLO_MIN2 | | FLO2
level at which revap SLOW Shallow Aquifer mlnlm(;lmt b
occurs Storage otwhich flowfrom | ALPHA2
- STOR2 the aquifer occurs Baseflow alpha factor (1/days)

- Reponse time

Deep Aquifer

Deep Aquifer Seepage
SEEP

Department of Hydrology and Water Resources Management — Grantz et al. 9

RCHG_DP2

Fraction to slow
aquifer

Method based on: Pfannerstill et al. (2014)
for SWAT 2012 and further developed by
Wagner et al. (2022) for SWAT+




Some improvements w. split aquifers

Fast shallow

Parameter

ALPHA

RCHG

FLO_MIN
DP_WT
DEP_BOT
REVAP

Setup
1 shallow aquifer
2 shallow aquifers

Satisfactory mode

performance threshold

0.76

0.38

2
2
5
0

(Moriasi et. al 2007

e

Slow shallow

0.05

10
0

NSE PBIAS RSR

0.49 -39.12 0.71
0.61 -22.2 0.62
<+/-25 <0.70

J\/J

Type

Auto
calibration

Auto
calibration

Manual
Manual
Manual

Manual

KGE
0.55
0.72
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Segmentation of the flow duration curve
based on: Pfannerstill et al. 2014
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Fast groundwater discharge is better represented,
but low flows are still underestimated

200-

150-

T 100-

« SWAT+ model, annual averages:
* 84 mm groundwater discharge (aquifer flo_cha)
e 76 mm surface (surg_gen) and 42 mm lateral flow :

(latq) , : .
* 41% groundwater flow (+9%) Dt
* Improved groundwater flow characteristics for fast
groundwater components
[
* Problems with low flow representation remain [ e 0"
B e dscnarze =
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Outlook: Studying droughts with SWAT+ as a basis for
modelling climate resilience measures

Output [mm]
[ e .
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Key messages

Anthropogenic changes to the water balance (here: for a shipping canal system) can have relevant impacts

on streamflow — even in large catchments — and should therefore be considered in model setup

Low flow representation is crucial to studying drought situations

Baseflow separation with observed data and comparison with SWAT+ model outputs shows differences in

groundwater dynamics

Implementing fast and slow aquifers in SWAT+ can improve fast GW flow representation and model

performance

Substantial changes to aquifer parametrization are a “low-cost” alternative to coupling SWAT+ with a

groundwater model

But currently limitations regarding low-flow situations are apparent
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