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Outlines

I T,
1. The Landscape Units Darcy model (LUD)

2. The LUD implementation in SWAT
3. The LUD model validation

For more (denitrification, etc) see Xiaoling SUN presentation this afternoon!
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- The Landscape Units Darcy (
model

What is an LUD?
What are the model parameters?

How to find values for these parameters?
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SWAT model

HRU m) Channel
[ basin Surface flow s
T i Lateral flow I
[ HRU
——— River

Groundwater flow l-

Surface water to Groundwater
is not simulated in SWAT
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Impermeable laver

Landscape Unit model (from

River to alluvial aquifer water exchanges,

Flooding water infiltrating the LUs,



G-M@D

* LUD1: annual flooding area
* LUD2: 2 to 5 years flooding area
* LUD3: 10+ years flooding area

_ Landscape Unit model

River to alluvial aquifer water exchanges,

Flooding water infiltrating the LUs,
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Subbasin-LU

LUDs = subbasin
containing HRUs

Landscape Unit model

River to alluvial aquifer water exchanges,
Flooding water infiltrating the LUs,

At the alluvial plain scale.
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Subbasin-LU

LUDs = subbasins
containing HRUs

Landscape Unit model

River to alluvial aquifer water exchanges,
Flooding water infiltrating the Lus,

At the floodplain scale.




LUs = subbasins
containing HRUs
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Landscape Contained

ST Unit HRUs

Landscape Unit model

River to alluvial aquifer water exchanges,
Flooding water infiltrating the Lus,

At the floodplain scale.
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Landscape Units geometry

m Hypothesis
meters  LUD’s length along the river = channel’s length
S_para m/m LUD’s slope parallel to the channel = channel’s slope
S_perp m/m LUD’s slope perpendicular to the * LUDT = channel’s slope x 2
channel * LUD2 = channel’s slope x 5
* LUD3 = channel’s slope x 10
A m? LUD’s surface * LUD1 = 10% alluvial surface

*  LUD2 = 20% alluvial surface
*  LUD3 = 70% alluvial surface

meters  LUD’s width c A/l
meters  LUD’s mean height to the surface Channel depth + (L x S_perp) / 2
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River / Alluvial aquifer interface
—

Darcy’s equation (1856):

Q=K><Ax%

Impermeable layer oo

m

m.d-! Hydraulic conductivity * LUDIT = 300
 LUD2 = 200
e LUD3 =100
A m?2 Area of interface hxl
D m Distance between the middle of two Ly, /2 + Lyyp /2

consecutive reservoirs

AH m Difference of water levels IWheight i — IWheight k
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River / Alluvial aquifer processes
—

Denitrification:

Nitrate consume rate:

[NO3]
"knos+[NO3]

1-¢ 10°
Rnos = —0-8(107-kpoc[POC]-M—C"'kDoc[DOC])

DOC consume rate: Rppc = —kpoc[DOC]

POC consume rate:  Rppc = —kpoc[POC]

Impermeable layer

Q - Sediment porosity

P kg.dm™3 Dry sediment density
kpoc d-! Mineralisation rate constant of POC
kpoc d-! Mineralisation rate constant of DOC
kyos MM Half-saturation for nitrate limitation

For more (denitrification, etc) see Xiaoling SUN presentation this afternoon!



G-M@D

- The LUD implementation in SWAT

Where do changes occurs in the source code?
How to automatically construct LUDs?

How to populate LUDs with HRUs?
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LUD implementation in SWAT

Several subroutines specific to LUD model:
*  routeunit :
*  Groundwater and nitrate sum from HRUs to LUDs,
* routels:
* No groundwater flow between landscape units (now done in route_ru).

Landscape

Several subroutines added: Unit
* route ru:
* DOC / nitrate masses and concentrations in LUD groundwater,
* Nitrate from soil to groundwater with infiltrated flood water,

* Darcy equation, gwmod ru

* Nitrate and DOC exchanges between LUDs. routeunit
* rtday ru: route ru

* flooding,

* Infiltration.
*  rchinit ru,
*  rtout ru, Contained
* gwmod_ru : groundwater volume and height in each HRU from correponding HRUs
LUD (without flood water),
* gw_no3_ru: nitrate content in groundwater for each HRU,
* denit_gw : denitrification in each LUD.




G-M@D
SWAT LUD: project creation

generate_landscape_unit.f90

Rewriting needed
files:
Computing all LUD . * Old subbasins
Rearranging . .
parameters: whithout alluvial

Lenath subbasins and £
gt HRUs to fit the aquiter;

Reading
parameters from
old SWAT project:

fig,

-sub, Surface aquifers
: Mean depth. - : subbasins with

new HRUs
figfile

Slope, - LUD model. O!d subba.sms
Conductivity, with alluvial
Compute new
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SWAT LUD: file structure

Untouched,
modified and
added input files in
a SWAT LUD project
compared to a
standard SWAT

project.

TxtinOut |
old project files New LUD files
* fig AN *.subj *rte T * pnd AN *.8Wg AN
“sub O [~rte T *.pnd AN *.sWg AN *wgn B fowus B
*wgn D [-wus By frg D
“hru D *.mgt Dy [esol DY *gw AN
*hru Dy *mgt D [esol D *gw AN
*.chm AN *.sep AN *.ops AN *.sdr AN
* chm D) *.sep AN *.ops D [vsar D

modfied i

Legend
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LUD approach validation

How well does the model works?
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Groundwater level (m NGF)

Groundwater level (m NGF)
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For more (denitrification, etc) see Xiaoling SUN presentation this afternoon!
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Conclusions & Perspectives

Il

Il

O

O

SWhT=> Hydrological modelfing in highly anthropized basins: examples from the Garonne.
; model

Model validated at:

Meander scale (Monbequi)

Alluvial plain scale

Subbasin scale

Against:

Woater levels

nitrate

Create LUD project from ArcSWAT Come and see the poster!
Include river sinuosity in hydraulic conductivity parameter
Calculate LUD’s area from flooded areas

Calculate mean depth from aquifer geometry
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SWAT LUD: alluvial HRUs redistribution
20

Alluvial HRU = with alluvial soil Old subbasin with
alluvial soil

Other HRUs (with alluvial
soil but urban, etc)

Total surface = S_allu Total surface = S_other
Surface = S_for Surface = S_past Surface = S_agri
J
|

1) each LUD surface is fixed : % of total S_allu (see below)

2) Then distribution of HRUs from LUD1 to LUD3
1) All forest HRUs in LUDs closest to river
2) Then pasture HRUs

3) Finally agriculture HRUs New (smaller)

subbasin whithout
LUD3 alluvial soil

70% S _allu New surface = S_other

LUDI1 LUD2
10% S_allu 20% S_allu




LUD

implementation
I

Modifications
to the

subroutine (executing
the figfile).

The diagram shows the
execution flow of the
subroutine from top to

bottom.

4 LEGEND

subroutine_name

subroutine ...

subroutine %
flow direction™
subroutineg's
entry point
return
statement

canditional
branching

modified 5

~

/"

Loop
i = 1 ta mhyd_bg

[icode == 2]

[ch_rufinum1) == 0]

route_ru

icode == (3,4, 5,6, 7, 9,10, 11, 12,13, 14)]

muuls; ru_sub)

[ii == mhyd_bsn]




LUD [ = ]

¥

implementation P ——

1) add seepage from secondary
channels, ponds, and wetiands

2) compute shallow aguifer level
for current day, assumes karst
losses infiltrate at the same
speed as what goes through the.

Modifications ( e

3) compute deep aquifer level
for day

Clnd BOLD) 1-0 the 4) compute groundwater

contribution to streamflow
for day

SUbrOUTine. 5) compute revap to soil

profile/plant roots

6) remove ground water flow
from shallow aquifer storage

The diagram shows the

_ /
. ‘
execution flow of the L
subroutine from top to z

bottom. T

lowlnum) == 1]

\hgw{inum1)=0]
g gw_no3 N

Y

1) compute nitrate aquifer
loading from recharge for

current day
4 LEGEND ™

2) compute nitrate groundwater

contribution to streamflow for day

subroutine_name subroutine % 3) sublract nitrate losses

from the shallow aguifer

4) compute nitrate losses

[, in the groundwater
flow direction

subrouting's \ 'g Y,
entry point \ :
return ‘b
statement

conditional Loop on subbasin's HRUs
branching

subroutine ... ®
/ L

( )




LUD

implementation
I

Modifications
to the
subroutine.

The diagram shows the
execution flow of the
subroutine from top to

bottom.

4 LEGEND

subroutine_name subroutine %
flow directionl
subroutine's
entry point
return
statement

canditional
branching

subroutine ... modified 5

~

j

command

!

route_ru

initializing | N -
Ll ) rchinit_ru T

route water
through reach

[levent==3] \/ [ievent < 3]

[ite == N \L[m: 1] \L[nte: 0] [ite == 1]
rtdt (rthr.f) rthmusk : rtmusk

,

- Calculate COD content(mass in g) in each LUD before flooding
- Calculate nitrate and DOC concentration in each LUD groundwater after flooding
= Nitrate from soil to groundwater with infiltrated flood water
- Average Saturated Conductivity between LUD

- Calculate gw_gq with Darcy's equation

- Galculate the net changed water volume in LUDs

- Compute Nitrate and DOC exchanges between LUDs

|

=

| G-M@D

| Added lines:
rchdep(jreh) = 0.

Removed lines:
vel_chan(jrch) = 0.

T

!

command




LUD

implementation
N

Added
subroutine with
modifications in bold
compared to the route
subroutine.

The diagram shows the
execution flow of the
subroutine from top to

bottom.

4 LEGEND

subroutine_name

subroutine ...

subroutine %
flow direction™
subroutineg's
entry point
return
statement

canditional
branching

modified 5

~

j
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route_ru

)

¥

1) calculate volume of water in reach

2) add flooded water enter into river

3) Find average flowrate in a day

4) Find maximum flow capacity of the channel at bank full

5) If average flowrate is greater than the channel capacity at bank full
then simulate flood plain flow else simulate the regular channel flow:
5.1) Caluculate Floodplain overbank volume - ht = height above bankfull
depth (m)
5.2) Calculate max added height in LUD during flood
5.3) Calculate max added area in LUD during flood
5.4) Calculate max flood water storage in each LUD
5.5) Calculate added wetted perimeter
5.6) Calculate the flood impact:
+water volumes on each LUD,
+infiltration in groudwater,
+groudwater levels after flooding,
+exchanges between LUDs.

B) calculate top width of channel at water level

7) calculate amount of water in channel at end of day
8) calculate transmission losses

9) calculate evaporation

(transmission and evaporation losses are proportionally taken from the
channel storage and from valume flowing out)

o

)

route_ru




