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Integration of dynamic land use change into SWAT using the LUP.dat file
and an advanced setup tool
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Dynamics of SWAT Input

Input Type Static | Dynamic
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SWAT & LUC

« Impact on Calibration/Validation once a model is
calibrated for several years?

* Impact on projections? What if | want information on a

shifting process projected by a single future scenario
Test Case &

LUPSA app. A
 What if | would like to use the model for scenario

optimization effected by land use dynamics? (e.g. using
Conclusions a Pareto optimum)

& Prospects




B _ (=] i:h
SWAT and Land Use Change - Lo TR ST e e
. File Edit Format View | Help
the lup°dat file | 1 1 1 1977 1upl97701.dat -
2 1 1 1978 Tupla780l.dat
3 1 1 1979 Tupl97901.dat
4 1 1 1980 Tupl9s800l.dat
5 1 1 1981 Tupl9810l.dat
Introduction gommm| 7 1 11083 lupiossoldar
Sl SRl § 1 fimjmsen
. g . Organze = 7] .
- 1 .d
optional SWAT input file e || 311 ome Juersseondar
8 Download 12 1 1 1988 qupiggggiggt
JE=E 13 1 1 1989 .
SWAT & LUC f . . et 14 1 1 1990 13?199001.:1;:
- HRU fraction update during 15 1 1 1991 lupl99101.dat
Simulation | e 16 1 1 1992 Tupl9920l.dat i
%] Documents ) :
jz rThesi pL - =
- Covers only existing HRUs | *= == -
- Manually Very time | &:\I::I:‘Skm :iégggg}zzz 29/08 :-:|1115;4; D:TFHE EEE
consuming for larger models T ot s e s .
Test Case & : . ——
LUPSA app.
Conclusions - A 10y simulation for a 500 HRU test case with monthly updates
& Prospects means 120 update files with max. 60,000 update fractions

- What if new land uses shall be introduced? How to
update/include not existing HRUs
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LUPSA - Land Use Update and
Slope Adjustment

swaTLUPSA

for Land Use Change

- Interpolates HRUs of different SWAT setups based on
different land use inputs

e.g.:

uet  Juet  Juet  |upl uP! up!

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Simulation Period

- Accounts also for HRUs unique in only one setup

- Additionally updates HRU slopes

Lu2
2010

Why Slope Change Implementation?
HRU_1 =
HRU: ——
Fraction: 0.13
Slope: 22%

Fraction: 0.06
Slope: 18%

HRU_2 =
Fraction: 0.07
Slope: 25%




LUPSA Process:

1. HRU identification, fraction and slope extraction, renaming/rewriting

2. lup.dat and update file generation - fraction and slope linear interpolation
3. Checking + adjusting total subcatchment HRU fractions

For One Subbasin (e.g. subbasin 1 as it is here)

.| scenarior | Scenario 2
Attribute

HRU frcl array  slpl array|slp2 array  frc2 array HRU
match (000010001 frcl slpl slp2 i A 300 130 000010001
unige in 1000010002 frc1 slpl slpl 0.0000007 -
match [000010003 frcl slpl slp2 frc2 0000100028 IE
match (000010004 frcl slpl slp2 frc2 000010004 (RN
unige in 1 (000010005 frcl slpl slpl 0.0000007 -
i
000010018
match frcl slpl slp2 frc2 000010015 (e ik
(last scnl)
unige in 2 : 0.0000007  slp2 slp2 frc2 000010003 [ NE
unige in 2 : 0.0000007  slp2 slp2 frc2 000010016 L0010




Example: 2 setups based on 2 LU inputs but one parameterisation

Inputl - Input2 -
SWAT Scenario based on Land Use 1 SWAT Scenario based on Land Use 2

Completed SWAT setup involving all

Same SWAT setupas Input 1 just
importantgeneral input file

based on differentland use input

39 HRUs in 14 subbasins [e.g.) 3806 HRUs in 14 subbasins (e.g.)

Mo land Use update files {lup.dat) Mo land Use update files {lup.dat)

Mo slope updates (for lup.dat) atall

Mo slope updates (for lup.dat) atall

No future land use change scenario No future land use change scenario

Common HRUs = 286
Unique HRUs 1 = 56
Unique HRUs 2 = 94
Unique HRUs: 34%



Program Language: Python
License: Open Source

O5: Windows (95+) and LinUX | sssssaemewee— —
: Running on: Command Line
I nt rOd uction D:\StudiumMsc . EAAANEE . 4xProgram-Python\MyCode

GUI: .txt setup file

The new scenario name exists already.

Pleace insert 1 if you wich to overwrite the folder.
Insert 2 if you wish to insert a new scenario name
or 3 if you want to exit the program.

COnce you enter your desicion, press returnd:l

..... —_— T
J setup.dat - Notepad Tool is running — Please Wait...

- ——

LUPG »un successfully

SWAT & LUC File Edit Format View Help Number of matching HRUs (existing in Doth scenarios):

HRUs exclusively in scenario 1:

#a%) UPSAl-Setup-File*#**This Tine is for commer R e L

Total number of HRUs in your new scenario: 424

Mame of Scenario 1 1 1972 e o ey te close this wind
Name of Scenario 2 1 1994 TSy fey Ro hose THm et
Date of Land Use 1 (yyyymm) ;187201
Date of Land Use 2 {yyyymm) ;198401
Mew Scenario Mame : TEST
Simulation Start Oyyyymmdd) @ 19760101

J|simulation End Cyyyymmdd) @ 19920101

Sequence (l=annual, Z=monthly) : 1
Mumber of slope Classes 13
End of first sTope class (%) : 11
End of second slope class (%) : 18
End of third slope class (%) 0
End of fourthslope class (%) : 0

Test Case &
LUPSA app.

m

Please 5pecif¥ your input data clearly and check it again.
e

This setup T3 and the input scenario folders with (filled)
"TxtInout ' - folders must be in the same path!

wirgl mnet Aofimo wrnire dnnnt cranardn namos a2 thodjer Ffnldoars o=

Conclusions
& Prospects

Related modified SWAT Versions (by Ann van Griensven)

SWAT2009lu-slope.exe Fraction + slope update
SWAT2009lu-noslope.exe fraction update
SWAT2009lu-slope-slopelength.exe Fraction + slope + slope length update
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Land use dynamics onwards artificial land use:

Land Use Distribution in 1957 Land Use Distribution in 2009
PLANTATION MLQZEH BARREN LAND PLANTATION MARSHLAND  BARREN LAND
WOOD LAND__ FOREST ERICACEOUS FOREST 2% 1% ERICACEOUS
4% 0% FOREST

9
4% % FOREST WOOD LAND
| 1% 1%

RIVERINE FOREST.
1%

0%
RIVERINE FOREST

4% AFROALPINE

AFROALPINE

LUPSA application setup:
- Simulation period 1983-1993
- Annual land use updates from 1984 to 1993

- Land use inputs: remote sensing based shapes from
1972 and 2009




Results:

| Calibration | | Validation ___|
R2 NS

, = R2 NS
Introduction 2 0.39 0.39 0.26 0.24
© 0.53 0.52 0.43 0.41
o 0.49 0.36 0.25 0.22
~ I
@) 0.85 0.63 0.66 0.55
SWAT & LUC 0.8 0.8 0.79 0.77
Annual Average -_ Slope and  Fraction
- Daily Flow Basic Model | Fraction Change | Change
2z B 195.000 197.700 197.700
& 5.930 6.070 6.071
ol Median @ [EREE 3.246 3.246
8.170 8.170
Test Case & 0.331 0.332
LUPSA app.
Annual Average of Hydrological Components [mm
> I LUPSA NoSlope LUPSA Slope Basic Model
: gﬂ 1313.9 1313.9 1313.9
Conclusions e 137.12 137.11 132.99
& Prospects = 113.48 113.73 106.45
= 442.86 442.65 438.05
= 9.66 9.65 9.7
24.06 24.05 23.57
592.3 592.3 604.9
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Results:

Gedeb Flow DurationCurve

Qos = 16.5 m3/sec

No LUPSA application:

LUPSA application:
Qo5=17 m3/sec

100.0

Flow in mm3/sec

Basic Slope Q95 =0.1m*/sec Q95 = 0.01 m3/sec
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Conclusions

Achievements:

1.

An automated lup.dat generation helps the
implementation of LUC in SWAT

. To fully address LUC in SWAT, arising HRUs (due to

LUC) should be addressed

. Land use change might have a considerable impact

(case dependent) on the hydrology also within
decades

Prospective

1.

Applying the tool in European Russia on agricultural
production

. Checking the impact of dynamic LUC implementation

on the calibration of the new model
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What else is going on

Alternative:

Another tool was developed by at the University of
Arkansas which uses another approach of setting up the
luc.dat file (SWAT2009_LUC)

Advantage: Setup directly based on land use input grid

Disadvantage:
accounting only for matching HRUs
no slope change implemented
Abrupt updates on the dates of the input grids which
may causes problems with the amount of water an
nutrients in the HRU storages

Other works:

A on going research about the impact of land use change
on the model calibration at the UNESCO-IHE applying
both tools supervised by Ann van Griensven
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