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-O- Motivation
 Flashback: SWAT conference 2025 in Korea

o Land use and land cover (LULC) changes significantly impact
water resources, flooding & water quality

o Dynamic LULC change in SWAT+
o Deforestation experiment
o BUT: Problems during the melt period

»What catchment/processes were we modeling?
»What was the remaining issue?

»What was the solution?
- Time-varying snow parameters




O- Motivation TL
* LULC change in Hubbard Brook

o Deforestation experiment
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/- Motivation

* “Land use scenario decision tables” used to include dynamic LULC

change
* Streamflow predictions improved

Start
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Deforestation
& herbicide application

P I
« L

Natural regeneration of forest

v

1966
1969
1976

Bscen_lu‘dtl 28

1 scen dtl Generated by L.Alcamo on 20.01.2025
2 2
3
1 DTBL_NAME, CONDS ALTS ACTS
5 forest to bharn 2 1 1
| &  COND VAR OBJ OBJ NUMB LIM VAR LIM OP LIM CONST ALT1
7 jday null 0 null - 1 =
8 year cal null 0 null - 1966 =
9 ACT_TYP OBJ OBJ_NUM  ACT NAME ACT COPTION CONST CONST2 FILE POINTER OUT1
10 lu change hru 0 frsd to barn null 0 0 barn_lum y
11 )
12 DTBL NAME CONDS3 ALTS ACTS
13 barn_to forest 3 1 1
14 COND_VAR 0BJ OBJ_NUMBE LIM VAR LIM OP LIM CONST ALT1
15 jday null 0 null - 1 =
16 | year cal null 0 null - 1970 =
17 land use hru 0 barn_lum - 0 =
i 18 ACT TYP OBJ OBJ NUM  ACT NAME ACT OPTION CONST CONSTZ FILE POINTER OUT1
19 lu change hru 0 barn_to_frsd null 0 0 frsd new lum vy
20
‘Normal text file length: 1,126 lines: 20 Ln:1 Col:4 Pos:4 Windows (CRLF)  UTF-8 INS




Q Motivation

* However, ...
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Q Motivation

 Snow parameters highly dependent on LULC

o van Meerveld and Seibert, 2024:

— High sublimation rates in canopy
— Melt rates generally higher in open areas

Snow parameters in SWAT do not depend
on LULC

Need for:
- time-varying snow parameters possible




X Technical implementation




A Technical implementation

" SNOW CHANGE ",

II. Condition Alternatives

° [=] actions.Fo0 2 Eﬂl
o H ow a re va rl a b I e S n ow z;z H_i ;zz:w(f:izieciail;zf?e snow paramsters for HRU

. g51 j = c.i_tbl;act:. (iac)%ob_num

pa ra m ete rs I m p I e m e nted ? 222 ;ft]:(}jl_%;o;v]_cig:nit(’zzgf = d_tbl%snow_chg_m_x(iac] + 1
554 ilu = d_thkl%act_ typ(iac)
R 955 hru(j)%dbs%snow = 1lu
O N eW aCtlon addEd 22’64' I snow_prev = hru(j)%dbsc%snow
" 558 hru(j)%$dbscksnow = d_tbl%act(iac)%file pointer
SnOW Change 555 hru(j)%sno = snodb (ilu)
” 960 !! write to lu change output file
. SE1 write (2612,%) 75, time%jf*rc, time%mo, Fime%day_fnc\,
O Called In the Iand_use 962 \ snow_prev, hru(j)%dbsc%snow, 0 ]
scenario decision tables PrSm——

21 DTBL NAME CONDS ALTS ACTS =

_ IV. Actions <:|
22 snol snol 3 1 1
23 COND VAR oBJ OBJ NUMB LIM VAR LIM OP LIM CONST ALT1
24 Jjday null 0 null = 1 =
25 year cal null 0 null - 1966 =
26 land use hru 0 barn lum - o =
27 ACT TYP oBJ OBJ NUM ACT NAME ACT OPTION CONST CONSTZ FILE POINTER ouTl
28 sno_change hru 0 snol sno2 null 0 0 snow(002
29

4

III. Action Entries

Y
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& Application example:
¢ Dynamic LULC & show




(;9 Application example: Dynamic LULC & snow TI.ITI
* LULC change in Hubbard Brook

o Deforestation experiment
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f;% Application example: Dynamic LULC & snow

 Two calibration phases
o Before clear-cut
o After clear-cut

Deforestation

Start measurements
* & herbicide application

Natural regeneration of forest
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f;% Application example: Dynamic LULC & snow

[ Add Second SnOW- 1 snow.sno: written by SWAT+ editor v2.3.3 on 2025-03-25 10:57 for SWF&T"‘IIE\T.G'D.E.T
2 name fall tmp melt _tmp melt max melt min tmp_lag
° ° 3 snowl01 -0.25%00 1.59%000 1.32000 1.32000 0.48300
pa rametrization 4 snow002 0.28000 -0.27000 2.55000 1.64000 0.51400
[ ] [ ] [ ]
L DECISlon table Wlth 1 scen _dtl Generated by L.Alcamo on 20.01.2025
22
3
o LULCc h dange 4 DTBL_NAME CONDS ALTS ACTS
S forest_to_barn 2 1 2
& 6 COND_VAR OBJ OBJ NUMB LIM VAR LIM OP LIM CONST ALTI1
7 jday null 0 null - 1 =
Snow pa ra meter 8 year cal null 0 null = 19¢€6 =
9 ACT_TYP OBJ OBJ NUM ACT NAME ACT_OPTION CONST CONST2 FILE_POINTER OUT1
' h anege 10 lu change hru 0 frsd to barn null 0 0 barn_ lum b'é
g 11 snow_change hru 0 snow001l_to_snow002 null 0 0 snow002 y
2
13 DTBL_NAME CONDS ALTS ACTS
14 barn to_forest 3 1 -
15 COND_VAR OBJ OBJ_NUMB LIM VAR LIM OP LIM CONST ALTI1
16 jday null 0 null ~ x| -
17 year_cal null 0 null - 19570
18 land use hru 0 barn lum - 0 .
15 ACT_TYP OBJ OBJ_NUM  ACT_NAME ACT OPTION CONST CONST2 FILE POINTER OUT1
20 lu change hru 0 barn to _frsd null 0 0 frsd new lum y
21 snow_change hru 0 snow002_to_snow001 null 0 0 snow001 Yy
29 -
£ 13




f;% Application example: Dynamic LULC & snow

TUTI

* Discharge prediction during melt Time

period improved significantly
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f;‘? Application example: Dynamic LULC & snow TUT

* A bit more complicated over time...
...but still a clearly visible improvement!

Seasonal KGE
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I::IO’ Application example: Dynamic LULC & snow

* Limitations:
o Tedious application

o For snow parameters:

— Separate calibration needed for different
states

— Also, calibration in different subbasins with
different LULC possible

o If not possible, assumptions needed

0

16



Outlook:
“K Further Applications &
Thoughts




& Outlook: Further Applications

 Temporal change in snowfall temperature
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Kienzle (2008), A new temperature based method to separate
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X Outlook: Thoughts

e Usually, only one snow class defined per model
Esnow.sno 2 E]l

1 snow.sno: written for SWAT+GL

2 name fall tmp melt tmp melt max
3 snow001 1.00000 0.50000 4.50000
4|

e Calibration by subbasin

o E.g.: snow cover

* No adaptations for land use > What can we do?

'ﬂf 19



X Take home messages TUTI
* Snow processes are highly dependent on
LULC

* When assessing LULC changes in snow-
influenced catchments this should be
considered

 Dynamic adaptation of show parameters
now possible

Thank you ©

‘ﬁ‘ 20



Background:
Snow processes in SWAT+

g




3% Snow processes in SWAT+

* What processes are modelled?

o Snow fall

100% — T -9 N O O=O-0=0C
0 — Static Threshold [ Vs ‘m
90% g
£ -+ Linear Transition Range } (/“
& 80% 1 -
0 -o- Function of Daily Temperatures t/}
o | .
2 OPT o kenze (2008 ' Single temperature threshold
5 60%
5 sou j/ (snofall _tmp)
c '
2 40% '/ (w¥%tave <= hru(j)%sno%falltmp)
o
£ 30%
=3 vy
Q 20% / [ hru(j)%sno_mm = hru(j)%sno_mm + precip eff
,_;E_ ? ( snofall = precip_eff
10% 7 / precip_eff = @.
0% OO0 0000404
7 6 5 -4 -3 -2 4101 2 3 4 5 6 7 8 9 101 (time%step > 1) whts = @.

Mean Temperature (°C)

Lk 2
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3 Snow processes in SWAT+

 What processes are modelled?

o Show melt

THIW+EH.’B
S N Omit = bmit * SNOpgy * [—2 - Tmit]

b-: melt factor for the day
» Calculated with snowmelt_min /_max and day of the year

bfﬂ l+bﬂl bﬂl I_bﬂl .
bmlt — (brnits 5 12) + (bruits - i12) * sm(% % (dn _ 81))

sno.. fraction of the HRU area covered by snow
» Uses snowpack and depletion curve

Tsnow SNOW pack temperature on a given day
» Dampened function of air temperature

Tmmﬂ{d“) — Tmmﬂ[dn—l) * (1 - ’Esno) + Tcw * Lono

= T maximum air temperature on a given day
" Tmi base temperature above which snow melt is allowed




3% Technical implementation TUTI

* How is show implemented?

o Specific snow parameterization by HRU in hru-data.hru

[=] hru-data.hru 2 Eil
1 hru-data.hru: written by SWAT+ editor w2.3.3 on 2025-03-25 10:57 for SWAT+ rev.60.5.7

2 id name topo hydro soil lu_mgt soil_plant_init surf_ stor snow
3 1 hrudl topohrull hyd0l 665220 frsd new lum soilplantl null snow(01
4 2 hru02 topohrul2 hyd02 665220 frsd new lum soilplantl null snow001
= 32 hru03 topohrul3 hyd03 665220 frsd new lum soilplantl null snow001

o Parametrization in snow.sno
Esnow.sno = K

1 snow.sno: written by SWAT+ editor v2.3.3 on 2025-03-25 10:57 for SWAT+ rev.60.5.7
2 name fall tmp melt tmp melt max melt min tmp lag snow_h2o cov50 snow_init

3 snowl01 —0.25%00 1.95000 1.32000 1.32000 0.43300 1.00000 0.30000 0.00000

|
Snowpack temperature

For snow melt factor calculation For snow cover calculation
(Depletion curve)

’ﬁl‘é 24



3 Snow processes in SWAT+

* Time-varying snhow parameters:

o All modeled snow processes can be changed over time

 What can we model with that?
o Seasonal changes in snowfall temperature

o Land use change associated impacts on melt pattern

> .



3 Snow processes in SWAT+

 What processes aren‘t modeled?
o Glaciers (SWAT+ GL)
o Snow redistribution
o Mixed Precipitation (SWAT+ GL)
o Rain on Snow Correction (SWAT+ GL)

O ..

o Time-varying snow parameters

> »



4 Outlook: Further Applications TUTI

 Temporal change in snowfall temperature
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Discharge

Hydrograph 1966 TL

Hydrograph around melting period, 1966
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Hydrograph 1967 TUTI

Hydrograph around melting period, 1967
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