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Motivation




?

o
Purpose

Goal: combine with
biological data

+ at 20 sampling locations
- high spatial resolution
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Data

High- resolution data is
available for study area:

1. crop rotation data

2. reservoir management

SWAT Conference | Peters, Kiesel, Fohrer

What is possible in
SWAT +?

- New feature:
Decision Tables
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C ’ Dynamic agricultural land management




Standard land use and management in SWAT+

VALUE SWAT-CODE
9001 URHD
9002 URML
9003 uiDU
9010 RNGB
9011 URBN
9018 PAST
9020 AGRL
9023 FRSD
9024 FRSE
9025 FRST
9040 WATR

June 30, 2023

Management schedule (optional)

SWAT+ Editor 2,04/ BoyeTest - ] X

CLIMATE

[—) o Management Schedules managemen tsch B
Weather Generator

?Q Weather Stations jsearch ] Showing 1-1 of 1 rows

CONNECTIONS s RAT

’ Channels ¢ @ agrl_rot 0 1 *
HRUs

v
Routing Units <
Aquiers ‘ Manual operations : -
Reservoirs ¢ Automatlc (deC|S|0n table)

| agrl_rof

Automatic schedules Operations

Add an automatic schedule @

Start typing to search... Add

1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
: Schedule name :
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1

___________________________________________________________
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50.5 £ 5

InVeKoS*
Data

* only
agricultural
areas

* unique crops §
for each field: |
~70,000 fields

e each year
new crops:
2005-2022
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Data preparation — merge maps

HRUs:~50,000
Land use + Soil

Corine +

InVeKoS
(with threshold)

Soil

2,5

5 km

5004-131-411-131-411-131-411-...

5004 - Soil: BB4_K
131 - Land Use: Winter Barley (2005,2007,2009)
411 - Land Use: Silage corn (2006,2008,2010)
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E Decision Tables
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Decision Tables — Example fodder grass for 18 years

name conds alts acts

pl_hv_wpas_yr_1 17

var obj obj_num lim_var lim_op lm_const altl a2 alt3 alt4 alt5 alt6 alt7 alt8 alt9 altl0 altll altl2 altl3 altl4 altl5 altl6

year_rot hru 0 null - 1 = = = = = = = = = = = = = = = -

year_rot hru 0 null - 18 - - - - - - - - - - - - - - - =

soil_water hru 0 fc * 0.95 - < - < - < - < - < - < - < - -

jday hru 0 null - 1 = - - - - - - - - - - - - - - -

jday hru 0 null - 60 - > - - - - - - - - - - - - - -

jday hru 0 null - 74 - < = - - - - - - - - - - - - -

jday hru 0 null - 135 - - - > - - - - - - - - - - -

jday hru 0 null - 151 - - - < = - - - - - - - - - - -

jday hru 0 null - 152 - - - - - > - - - - - - - - - -

jday hru 0 null - 166 - - - - - < = - - - - - - - - -

jday hru 0 null - 182 - - - - - - - > - - - - - - - -

jday hru 0 null - 196 - - - - - - - < = - - - - - - -

jday hru 0 null - 213 - - - - - - - - - > - - - - - -

jday hru 0 null - 227 - - - - - - - - - < = > - - - -

jday hru 0 null - 243 - - - - - - - - - - - < = - - -

jday hru 0 null - 274 - - - - - - - - - - - - - > - -

jday hru 0 null - 288 - - - - - - - - - - - - - < = -

outco

act_typ obj obj_num name option const const2 fp me
hru 0 plant_agrl  wpas 0 1 null n n n
hru 0 fertl 28 10_10 250 1 broadcast n n n n
hru 0 cut_harvl  wpas 0 1 hay_cut_high n n n n n n
hru 0 fert2 28 10_10 250 1 broadcast n n n n n n
hru 0 cut_harv2  wpas 0 1 hay_cut_high n n n n n n
hru 0 fert3 28 10_10 250 1 broadcast n n n n n n
hru 0 cut_harvd  wpas 0 1 hay_cut_high n n n n n n
hru 0 fert4 28 10_10 250 1 broadcast n n n n n n
hru 0 cut_harvd  wpas 0 1 hay_cut_high n n n n
hru 0 reset_1 null 1 0 null n n n

Conditions
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Management table for one rotation

M_WI management.sch - Editor

Datei Bearbeten Format Ansicht  Hilfe

8477 rot 5 18
pl hv wwht yrl
1 hv _barl yr2 . .
El:hv:barliﬂ e for simulation
1o periods >18 years
e the rotations are
Pl hv_rape yrs repeated accordingly

pl hv _agrl yr9
pl hv _agrl yrl8
pl hv _agrl yrll
pl hv wwht yrl2
pl hv wwht yrl3
pl hv csil yrld
pl hv wwht yrl5
pl hv _rape yrlb
pl hv _rape yrl7
pl hv _rape yrl8

June 30, 2023 SWAT Conference | Peters, Kiesel, Fohrer 13 k
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Example of one HRU-based time series: Leaf Area
Index (LAI)

HRU 39

* LAl =green leaf area / ground area year crop __code
2 2 2008 csil 411
[m / m ] 2009 rye 121
2010 wbar 131
e crop code from InVeKoS + fodder 2011 rye 121
2012 il 411
grass as cover crop 13 e iy
. 2014 csil 411
- time — dependent management: 2015 rve 121
. . . 2016 wbar 131
R 5 simulated LAl and input of nutrients 2017 e 121
Fo, - 2018 csil 411
L AL T s.n o o | 2019 csil 411
‘v‘o,l" :I! p \*‘-’g;:; RU 039 LAI-HRU 39 2020 rye 121

.
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Summary: We only need...

1. Data: InVeKoS, Corine (or other non-agricultural land use), Soil

2. Lookup table SWAT-Code / Land use code
3. Management rules
4. Modification of 4 files (scripted):

* landuse.lum

* management.sch
e plant.ini

* hru-data.hru

June 30, 2023 SWAT Conference | Peters, Kiesel, Fohrer 15
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Part 2

Kinzig reservoir managed with decision tables
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Kinzig Reservoir

Multi-purpose reservoir:

* raising low-flows

* flood protection

* energy production

June 30, 2023 SWAT Conference | Peters, Kiesel, Fohrer



Highly complex decision table

COND
NAME 5 AMTS  ACTS
kiruig rsv il 50 13
Noter VAR OBJ OB NUM UM VAR UM _oP UM _CONST a1 ALTZ  ALTE  ALTA  ALTS  ALTE  ALTT ALTE  ALTS  ALTIO0 ALT11 ALTIZ ALTIZ3 ALTI4 ALTIS ALT1S ALTIT ALTIE ALTIS ALTIO0 ALTZ1 ALTIZ ALTZZ ALTI4 ALTIS ALTIS ALTIT ALTIE ALTIS ALT30 ALT3I1 ALT3Z ALT3Z ALT34 ALT3S ALTIS ALTIT ALTIE ALTIS ALT40 ALT4] ALT4Z ALT4Z ALT4S ALTAS ALT4S ALTAT ALT4E ALT4S  ALTSO
berseow_condian_allye res e res 1 a5 - - = - - - - - - - - - - = B
irflow_cormsicer | asses res e res 1 052 - - - = - - - - - - - - - - - - - - - - -
v _raize_mmin res e res 1 120 - - - - - - - - - - - - - - - - - - - - = - > e
flood_condian_summer res e res 1 20 - = e - - = e - . - - - - - - - - - - - -
- . SE—
flood_condian_winter v =
ol condifian_winter r
sunmer_sirage_va e
sunmer+lamela_storage_vdl e
wirter_siorage_val e
wirter +lanedla_storage_vdl e =
il siraoe val \

wirter_io summer_start j -
wirter_to summer_end j

sunmer_to wirter_start j

sunmer_to wirter_end j <=
manererce2002_dd_start ; .
manererce2002_dd_end ; ° .

e 2002_rase_stat
manererce2002_rase_snd
mantereree2002 .

marereree2022_dd_start

=7 . Maintenance periods |

manererce2023_rase_end

martenance 2023 -

| . Inflow to the reservoir T

v n o oa n
v n o oa n
v n o oa n
redese res firflow irtl_rate [ Gl y y @n A y ¥y @ @ @A @A A A A ¥y A A @A A A A A @ A @A @ A A ¥y A @ A @8 @A A A A A ¥y .m @8 A A A ¥y .m @8 @8 n n ¥
redesse res trnaini_ckd_02 il rafe 0 08wl n n y @ A A A A @ @ A A A A A A @ A A A A A A @ @ A A A A @A A @ @ a a A A @8 @ m a a A A 8 8 @8 8 n n
redesse res {rnaind_raize 02 il rafe 0 4%wl n n @ y A A A A @ @ A A A A A A @ A A A A A A @ @ A& A A A A A @ @ a a A A @8 @ m a a A A @8 8 @8 8 n n
redesse res trnaini_ckd_22 il rafe 0 %4l n n @ 8 A A ¥y A @ @ A A A A A A @ A A A A A A @ @ @A A A A @ A @ @ a a A A @8 @ @ a a A A @8 8 @8 8 n n
redesse res {rnaind_raize 23 il rafe 0 A%l n n @ 8 A A A ¥y m @ A A A A A A @ A a A A A A @ @ @A A A A A A @ @ A a A A 8 @ m a a A A @8 8 @8 8 n n
redesse res farensd_cd il rafe 0 Q%4 n n @ a A A A A @ @ @A A A A A A ¥y @A A A A A A @ @ @A ¥y A A 8 8 @ @ A a A ¥y A m m a a A A 8 8 a8 y n
refesse res tervnsd raise il ratle Q 0wl n n @ a a A _n A @ @ @8 8 A A A A @ 8 A A A 8 8 @ @ 8 A A A 8 8 @ @ A A A A 8 @a _@a = = y na 8 8 y =& = n

June 30, 2023 SWAT Conference | Peters, Kiesel, Fohrer 18 Q
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Necessary changes in the source code (conditions.f90)

I

I

' 1. changed ob_num to get the correct channel .

| number and not the reservoir number ob_nun - p-tbiXcondiic)Nob nus
I

I

(ob_num == 8) ob_num = ob_cur
e o o 4
Ir _____________________________________________________________________________________
: : [F"Hq :“F1"}
| 2. added condition "res_inflo" to conditions of . nine tar
I . . . . + = i 0
| decision tables. Reservoir inflow can be used to ) oopum = - pcond(ie Rob
: deCide on OUtﬂOW. 1l iob = sp_obl%res + ob_num - 1
| + flo_m3 = ob(iocb)%hin%flo / 86UG0.
| + cond_real (ic, flo_m3, d_tbl%cond(ic)%lim_const, idtbl)
| ¥
I
e o o

I
I
| 3. added functionality to use const2 in

| res_rel.dtl action for "inflo_rate" to reduce or
I

I

ht2%flo = (htl1%flo + dtbl_res(id)%act(iac)%const2 = 86U08., dtbl_res(id)%act(iac)%const * 86U466.)

increase the outflow

June 30, 2023 SWAT Conference | Peters, Kiesel, Fohrer k
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& Results
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Multi-year reservoir processes l

* Reservoir
operation close
to the natural
flow regime .
* Improvements %
to peak
discharges and
some low flow
periods (black
arrows)

0117 0417 0717 1017 0118 0418 07.18 1018 0119 04.19 07.18 1019 0120 0420 0720 1020 0121 04.21 07.21 1021

Wint [ Wi->Su [ Summ [ Su->Wi = Flow out (sim)

++ee+e« Flow out (abs) ——Flowin e Winter Storage Range - --- Summer Storage Range —— Reservoir Storage
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Calibration and
Validation

* Manual calibration necessary due
to long run time
* 9s per day with land management

e 3s per day without land
management

 Good calibration and validation
results (average KGE at eight
gauges):
* 0.70 calibration
* 0.79 validation

* Main calibration issues:

« SWAT+ has a tendency to respond
too fast (1-2 days)

* Baseflow too low despite
introducing fast, slow and deep
aquifers

June 30, 2023

Hanau - KGE: 0.78 (r: 0.79 | B: 0.97 | y: 0.95) [n=2280]

‘ rr— O
| . | . I |
1201 Calibration Observed
. —— Simulated [ 25
100 -
- 50
80 1
g L 75 E
£ 607 L 100
40 7 L 125
20 1 "\ . I 150
v | rrdesia V0 N oY A v " | N
2017 2018 2019 2020 2021 2022 2023
Hanau - KGE: 0.70 (r: 0.75 | 8: 0.84 | y: 1.01) [n=2191] 0
120 - 'l‘”"”[""l ! . i 'H .
' | Validatio ! _4 "I'L’e‘jj
100 - | | ‘ ! imulate L 20
80 4 r 40
P £
Y | - 60
g 60 £
40 1 - 80
20 - L 100
2011 2012 2013 2014 2015 2016 2017
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Performance statistics: Incorporating complex
catchment management

* Slight performance improvements Gauge  Management KGE
during validation Al Res + Met
g 5 . No Res + Mgt
2 |(reservoir)
© Res + No Mgt
% Hanau Res + Mgt
* Reservoir implementation always © loutlery ~ NoRes+Met
. Res + No Mgt
leads to improvements - Res 1 Vet e
S (reservoir) No Res + Mgt 0.75
s Res + No Mgt 0.73
* Management implementation = [,  Res+Met 0.70|
. > |
mostly leads to improvements (not (outlety o Res*Met 0.70
Res + No Mgt 0.69

for Ahl during calibration)

June 30, 2023 SWAT Conference | Peters, Kiesel, Fohrer 23
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Approach in SWAT+

N

* l[anduse.lum file is populated Crop rotations for every field in
automatically, if the plant HRU-definition:
name can be found in the * land use map: CORINE (URBN,
plantsplt database WATR. FRST ... AGRL)

* not possible to load a crop

, * soil map: InVeKoS, rotation —
rotation as a plant name

code — strings as soil names

=) 68551 fields - 25848 rotations
Combined with soil;: 51928 HRUs

June 30, 2023 SWAT Conference | Peters, Kiesel, Fohrer 25 ‘
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Workflow
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Implementation of crop rotation for each HRU in
SWAT+

—————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

Python workflow for modifying input files
Data preparation Y ying inp

lum.dtl

Read the Add the rotations Add the ID_lum
i Prepare and : — rotations —> to hru-dataand — to the Aﬁd ThedID_rcI)t to |
merge maps soils.sol assign ID landuse.lum the fanduse.lum
i eliminate land use classes i i hru-data.hru landuse.lum l i
i with <500m? area i ! :
Read the plant Add the plant Add the schedule | | D_rot to
. Prepare decision names N 2 e from lum.dtl to management.sch
table for each olants.plt plant.ini management.sch
crop plant.ini ‘ management.sch

e e - - - - — - e o o = = = = = e e e e e e e e e e e e e e - - —

June 30, 2023 SWAT Conference | Peters, Kiesel, Fohrer 27 @
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Decision Tables

name conds alts acts

|p1_hv_wbar_yr1| 5 3 2

var obj obj num lim wvar lim op lim_const
[year_rot hru 8 null - 1
jday null e null - 121 =
jday null e null - 258 -
jday null B null - 266 -
jday null 5 null - 265 -
act_typ obj obj num name option const  const2
plant  hru e |plant wbhar wbar| e
harvest kill hru B grain_harv wbar
name conds alts acts

[p1_hv_wbar_yrZ] 5 3 2

var ob] obj num lim wvar lim op lim_const
year_rot hru 5 null - 2
jday null e null - 121 =
jday null e null - 258 -
jday null B null - 266 -
jday null 5 null - 265 -
act_typ obj obj num name option const  const2
plant  hru e plant wbar wbar e
harvest kill hru B grain_harv wbar

June 30, 2023

altl alt? alt3

:. -

{ -

fp outcome

1 null ¥ n n
B 1 grain n

altl alt? alt3

:. -

{ -

fp outcome

1 null ¥ n n
B 1 grain n

SWAT Conference | Peters, Kiesel, Fohrer

* general schedules like
pl_hv_agrl always reset
the rotation year

BUT:

 setting all operations in
the management
schedule for each year
is too complicated

SO:

* one DTL needed for
each crop and each year

.

RESIST




Too fast response seems to be due to routing?

e Upstream gauge 0-1 day shift with best performance
e Central gauge 1-2 days shift best performance
 Downstream gauge 2 days shift best performance

Calibration period (2017-2023) Validation period (2011-2016)

RunDesc Gauge KGE r RunDesc Gauge KGE r

0 dShift  Steinau 0.65 0.746 0 dShift  Steinau 0.73 0.781
1 dShift Steinau 0.74 0.875 1 dShift Steinau 0.82 0.892
2 dShift  Steinau 0.52 0.585 2 dShift  Steinau 0.64 0.671
0 dShift Gelnhausen 0.70 0.712 0 dShift Gelnhausen 0.65 0.696
1 dShift Gelnhausen 0.86 0.886 1 dShift Gelnhausen 0.78 0.869
2 dShift  Gelnhausen 0.84 0.863 2 dShift  Gelnhausen 0.79 0.879
0 dShift Hanau 0.66 0.666 0 dShift Hanau 0.58 0.619
1 dShift Hanau 0.78 0.787 1 dShift Hanau 0.70 0.747
2 dShift Hanau 0.85 0.869 2 dShift Hanau 0.78 0.851

June 30, 2023

SWAT Conference | Peters, Kiesel, Fohrer

Upstream

Downstream

. &
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