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1 Aims of introducing a TOPODYN approach in SURFEX?

The water transfers in ISBA only  occur vertically among column of soils. The TOPMODEL approach permits to introduce lateral soil water transfers. A version of TOPMODEL dedicated to Mediterranean catchments was developed (Pellarin et al., 2002) and is called TOPODYN.

Contrary to the classical TOPMODEL approach, it takes into account the spatial variability of rainfall among the watersheds. 

Coupling ISBA and TOPODYN consists first to parametrise the runoff generation following the TOPODYN approach. Moreover, routines aiming at transferring the water up to the rivers outlet was developed. A full description of the ISBA-TOPODYN coupling as well as assessment of the results can be found in  Bouilloud et al., 2010 and Vincendon et al., 2010.

2 How to activate TOPODYN approach

The TOPODYN approach can only be activated in the offline mode of SURFEX. In the following we will call ISBA-TOPODYN the SURFEX model with the TOPODYN approach activated.

The OPTIONS.nam file has to be adapted to run ISBA-TOPODYN. The classical ISBA namelists are slightly changed and some new  namelists are introduced so as to :

· Activate the lateral soil water transfers following TOPODYN and/or

· Route the water involved in runoff and deep drainage up to the river outlets to simulated total discharges.

The new NAMLISTS are  :

· To prepare the coupling at the PGD step  : NAM_PGD_TOPD
	CCAT(x)
	Name of the river outlet numbered x (x from 1 to 1000)

Maximal length = 15 characters

	LCOUPL_TOPD
	if T, the discharge at the outlets defined previously will be computed thanks to the routing module 

Warning : the TOPODYN approach is used for runoff computation only if CRUNOFF = ‘TOPD’ in the namelist NAM_SGH_ISBAn ; else, la parameterisation given in CRUNOFF is applied and runoff et drainage are  routed.

	XF_PARAM_BV(x)
	Value of f parameter for the exponential profile of Ksat for the catchment  x

	XC_DEPTH_RATIO_BV(x)
	Value of alpha parameter for the exponential profile of Ksat for the catchment  x (dc=alpha*d2)


Example :

&NAM_PGD_TOPD       CCAT(1) = "boucoiran" ,

                                         CCAT(2) = "bagnols" ,

                                         LCOUPL_TOPD=T,

                                        XF_PARAM_BV(1) = 2.0,

                                       XC_DEPTH_RATIO_BV(1)=1.50,

                                       XF_PARAM_BV(2) = 3.0,

                                      XC_DEPTH_RATIO_BV(2)=1.50

/

· To activate TOPODYN et the routing module  : NAM_TOPD

	LBUDGET_TOPD
	if T, all the budget components will be computed and written in special output files

	LSTOCK_TOPD
	if T, output files from a previous simulation (called “stock” files)will be read to start the current one

	NNB_TOPD
	Ratio between ISBA time step and frequency of calling TOPODYN coupling (and also routing)

	NFREQ_MAPS_WG
	Frequency of writting soil water contents in files at specifit format (.map)

	NFREQ_MAPS_ASAT
	Frequency of writting saturated areas in files at specifit format (.map)

	NNB_STP_STOCK
	Number of time steps to read in the “stocks” files

	NNB_STP_RESTART
	Number of time steps to write in the “stocks” files if the restart mode is chosen (LRESTART=T in NAM_IO_OFFLINE)

	XSPEEDR(x)
	Speed of water in the river for the catchment x

	XSPEEDG(x)
	Speed of water in the ground for the catchment x

	XSPEEDH(x)
	Speed of water over the slopes for the catchment x

	XQINIT(x)
	Initial discharge for the catchment x

	XRTOP_D2(x)
	Ratio between ISBA second layer (d2) and the soil depth where lateral distribution is activated.


Example :

&NAM_TOPD     LBUDGET_TOPD=T,

                             LSTOCK_TOPD=F,

                             NNB_TOPD=4,

                             NFREQ_MAPS_WG=0,

                             NFREQ_MAPS_ASAT=0,

                             NNB_STP_RESTART=21

                            XSPEEDR(1) = 3.0,

                            XSPEEDG(1) = 0.3,

                            XSPEEDh(1) = 0.3,

                            XSPEEDR(2) = 1.0,

                           XSPEEDG(2) = 0.1,

                            XSPEEDh(2) = 0.1

/

· To create forcing fields (FORCING.nc) : NAM_FORC_COUPL_TOPD
	NNB_FORC_STP
	Number of forcing time step

	NNB_FORC_SEQUENCES
	Number of sequences where different data sources are used (max=5)

	NSTP_BEG(s)
	Time step of the beginning of sequence s.

	NSTP_END(s)
	Time step of the end of sequence s.

	CTYPE_SEQUENCES(s)
	Type of forcing (data sources)  used in sequence s . Les valeurs possibles sont :

'SAFRAN' : data from SAFRAN analysis (default value), read from a single file called datafile in grib format.

‘NORAIN’ : same than the previous option but rainfall is forced to 0

'RADAR ' : rainfall data are taken in radar QPE in a lat,lon,value format (unit is 1/10 of mm): as many files as time steps are needed. The other required parameters come from « datafile » file if present else  default  values are used.

‘MODEL ' : data come from grib files containing meteorological models forecasts: as many files as time steps are needed.

’PERTRR’ : same as the previous option but precipitations are perturbated  et NNB_MEMBERS_ENS (see below) FORCING files are created

 'IDEA  ': idealized values chosen by the user in this same namelist (variables *_IDEA )

	NNB_MEMBERS_ENS
	Number of members of the ensemble in case of perturbation of rainfall in a given sequence.

	CGRIB_BASE_NAME(s)
	Base name for forcing files in grib format

	CRAD_BASE_NAME(s)
	Base name for forcing files in txt format (lat lon val), used for radar QPE 

	CGRIB_TYPE(s)
	If grib files are used, source of forcing (model)

	XTA_IDEA(s)
	For idealized cases, value of 2m- temperature

	XQA_IDEA(s)
	For idealized cases, value of 2m-specific humidity

	XDIRSW_IDEA(s)
	For idealized cases, value of short wave direct radiation

	XSCASW_IDEA(s)
	For idealized cases, value of short wave scattered radiation

	XLW_IDEA(s)
	For idealized cases, value of long wave radiation 

	XPS_IDEA(s)
	For idealized cases, value of surface pressure

	XRAIN_IDEA(s)
	For idealized cases, value of liquid precipitations

	XSNOW_IDEA(s)
	For idealized cases, value of solid precipitations

	XWINDSPEED_IDEA(s)
	For idealized cases, value of 10m-wind speed

	XWINDDIR_IDEA(s)
	For idealized cases, value 10m-wind direction 


!

Example :: for a single sequence of 30 hours of radar QPE

&NAM_FORC_COUPL_TOPD   NNB_FORC_STP = 30,

                       NNB_FORC_SEQUENCES=1,

                       NSTP_BEG(1)=1,

                       NSTP_END(1) = 30,

                       CTYPE_SEQUENCES(1) ='RADAR '

/

Moreover, some classical namelists of SURFEX should be filled as follows :

- To manage inputs/outputs and time steps :

&NAM_IO_OFFLINE        CSURF_FILETYPE  = 'ASCII '   ,

                       CFORCING_FILETYPE =    'NETCDF'   ,

                       CTIMESERIES_FILETYPE = 'TEXTE '   ,

                       LPRINT  = T                       ,

                       LRESTART = T                      ,

                       XTSTEP_SURF=900.                  ,

                       XTSTEP_OUTPUT = 3600./

LRESTART should be T only if the user wishes to run another simulation starting from the current one.

&NAM_SGH_ISBAn    CRUNOFF=’TOPD’, 

                                     CKSAT=’EXP’/

CRUNOFF=’TOPD’ activates the lateral transfers of soil water. It is possible to choose another option for runoff (e.g. DT92) and to activate only the routing module to route the runoff and drainage along the hillslopes and river  as described in the topographical files.

To do so, the user chooses CRUNOFF=’DT92’ in the namelist NAM_SGH_ISBAn and LTOPD=’T’  in the namelist NAM_COUPL_TOPD.

CKSAT=’EXP’ permits to read f et dc, that are the two parameter describing the exponential decrease of KSAT. F and dc are specified in the namelist NAM_TOPD (1 value for each watershed). A file called carte_f_dc.txt will be created at the step PGD. It gives for each ISBA mesh a value of both parameters.

Finally, the ISBA-TOPMODEL coupled systems runs the same way as SURFEX OFFLINE (cf. doc SURFEX) :

· preparation of the file that defines the simulation domain, its topography and the characteristics of its soil (PGD file) ( program = PGD.exe , output file= PGD.txt)

· initialisation of all the soil variables (useful parameters for ISBA) (program = PREP.exe, output file = PREP.txt)

· proper simulation (program = OFFLINE.exe, output files = classucal outfile of SURFEX (*.TXT) + discharge files (catchment_q_total.txt,…) + budget control files

3 To use ISBA-DF instead of ISBA-3L

From V8, the lateral distribution can be activated with several patches and the diffusive approach of ISBA (ISBA-DF).

To use ISBA-DF, it is necessary to activate the following options in OPTIONS.nam file :

&NAM_DIAG_ISBAn        LPGD              = T , 

                                              LSURF_EVAP_BUDGET = T , 

                                              LSURF_MISC_BUDGET = T ,

                                              LSURF_MISC_DIF    = T ,

                                              LWATER_BUDGET     = T

 /

&NAM_SGH_ISBAn         CRUNOFF    = "TOPD",

                                             CKSAT      = 'DEF',

/

4 General scheme
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5 Inputs/Outputs and restart mode

All the input files needed for a « classical » SURFEX simulation are of course needed but additional ones are required to activated ISBA-TOPODYN coupling. They must be present  from PGD step.

Those are called « topographic » files : five files for each watershed are needed. (see appendix).

I- If  the user has not chosen RESTART mode :

The PGD program produces files necessary for the others steps :

· Two « mask » files for each catchment  : for a catchment CAT, CAT..mask_topd and CAT.mask surf
·  If the option CKSAT=’EXP’ is chosen, a file carte_f_dc.txt 

The  PREP program produces a file called PREP.txt without any additional file for ISBA-TOPODYN coupling.

The OFFLINE program produces:

· 3 files for each catchment CAT containing hourly discharges : 

· CAT_q_runoff.txt : discharge from runoff

· CAT_q_drainage.txt :discharge from drainage

· CAT_q_total.txt : total discharge.

· If  LBUDGET_TOPD option is chosen, other files are produced :

· 2 files for each catchment CAT : bilan_bv_CAT.txt with budget components for catchment CAT and bilan_nobv_CAT.txt out of the catchment CAT.

· bilan_q.txt : budgets on all the catchments

· bilan_total.txt : budget on the whole domain

II- In  RESTART mode :

In LRESTART=T, more out files are produced. They all have an index _sav. 

· stock_sav.txt contains the values of drainage and runoff to route among the catchments. It contains as many steps as spcified in the variable NNB_STP_STOCK.

· surfcont_sav.map contains the contributive area for each mesh of the whole domain at the end of the simulation.

· 1 file for each catchment CAT_xwtop_sav.map contains for each pixel of the catchment CAT le water content at the end of the simulation.

To start a new simulation (LSTOCK_TOPD=T), all those files must be renamed changing _sav in _init. One has to be carefull for stock_init.txt file : the number of time steps read in the file is the one specified in  NNB_STP_RESTART variable.

Appendix : 

 « Topographic » files for TOPODYN :
Five specific files are deduced from a digital elevation model (DEM). TOPODYN works on pixels defined in thos files.

I. DTM files
In the DTM files, the geographical domain is split in pixels of 50-m resolution. The elevation is given for each pixel. The header of the file gives the bottom-left point coordinates in extended LAMBERT II. Then the elevation of the pixels classified from the bottom-left point to the up-right point.
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Here is an example of such a file :

« 
               709000.000 Abscissa bottom-left pixel

              1913000.000 Ordinate bottom-left pixel

                     1521 Number of Abscissa

                     1441 Number of Ordinates

                    0.000 Outside value

                   50.000 Mesh size (m)

                   35.000 Minimal value

                 1696.000 Maximal value

  672.

  696.

  720.

  741.

  760.

  778.

  793.

  803.

…. »

Those files can contain pixels with an elevation very low compared to its  8 neighbours, this creates a kind of sink in the DEM.

Those sinks can be filled (with a program called « fillsink ») and the corrected files are the ones used. For a catchment called CAT, they are called  CAT_FilledDTM.map. Their structure is the same than the one described formally.

In those files, the domain is a rectangle that surrounds the catchment. The pixels of this rectangle are either a default value (0 generally) if the pixel is out of the catchment or the elevation if the pixel is within the catchment. 

                                              Nx*Ny

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	



  1   2    …….           Nx

Those elevation are arranged in the variable XTOPD(P) of the model.

II.  « Connection » file
From the file CAT_FilledDTM.map, a « connection » file can be computed. For each pixel, the upstream pixels (the neighbours  with an higher elevation) are listed as well as the fraction of water that the given pixel can receive from its upstream neighbours. Those upstream contributing  neighbours are called  « connected ».

For a pixel numbered p1(numbering from the bottom-left corner to the up-right one), the file gives :

· the pixel elevation,

· the number of upstream neighbours

· for each of the upstream neighbours,

· number of the neighbour 

· percentage of drained area for the pixel p1/ drained area for the neighbour pixel.

« Pixel_Ref Z_(m) Pixel_Type Nb_Upslopes_Pixels (UpPixel_Ref,UpPixel_%Giving)

   2191761 Number of pixels defining the catchment

    37.000 Minimal elevation (m)

  1696.000 Maximal elevation (m)

      1521 Number of Abscissa

      1441 Number of Ordinates

    50.000 Space Resolution (m)

   734698 1696.000 0 0       0. 0.000000       0. 0.000000       0. 0.000000       0. 0.000000       0. 0.000000       0. 0.000000       0. 0.000000       0. 0.000000

   736219 1695.000 0 0       0. 0.000000       0. 0.000000       0. 0.000000       0. 0.000000       0. 0.000000       0. 0.000000       0. 0.000000       0. 0.000000

   734699 1695.000 0 0       0. 0.000000       0. 0.000000       0. 0.000000       0. 0.000000       0. 0.000000       0. 0.000000       0. 0.000000       0. 0.000000

…. »

Two kinds of « connections » files can be obtained :

· in the monodirectional approach (« Monod » files), a pixel can only give water to the neighbour with the higher slope.

· in the multidirectional approach (« Multid » files) : a pixel can distribute water to all the downstream pixels  proportionally to the slope.

The hidrological network is defined in two steps. First, the « water sources » are searched thanks to two thresholds :

· a0 : the smallest drainage area : this determine the length of the network

· lamba0 : the smallest topographic index : this determine the of level of branching of the network.

From those sources, the connected pixels permit to obtain the river.

How is computed the percentage of transferred water with the MONOD method :

	pi
	
	

	
	px
	

	
	
	


If Zi>Zx and Zi=Zmax 

Slope (i to x)=(Zi-Zx)/((x .21/2)

	
	pj
	

	
	px
	

	
	
	


IF  Zj>Zx AND Zj=Zmax 

Slope (j to x)=(Zj-Zx)/((x )

How is computed the percentage of transferred water with the MULTID method:

	pi1
	pj1
	pi2

	pj4
	px
	pj2

	pi4
	pj3
	pi3


TotalWaterRecieved(px) = 

Sumi[(Zi-Zx)/((x.21/2)]+

Sumj[(Zj-Zx)/((x)]

WaterFlux(pi1 to px) =

Slope(i1 to x) / 

[Sumi(Slope(i))+Sumj(Slope(j))]

WaterFlux(pi1to px) = 

(Zi1-Zx) / 

[ Sumi(Zi-Zx)+Sumj(Zj-Zx).21/2 )]

WaterFlux(pj1to px) = 

(Zj1-Zx).21/2  / 

[ Sumi(Zi-Zx)+Sumj(Zj-Zx).21/2 )]

The produced files for a catchment CAT is called CAT_River_MonoD.vec or CAT_River_MultiD.vec.

Fot ISBA-TOPMODEL, only the MULTID file is kept : it is renamed CAT_ connections.vec
In those files, only the pixels of the catchment are listed (not all those of the surrounding rectangle.).

The data of « connection » files are  arranged in the variable  XCONN of the model :

XCONN(BV,p,1)= P
XCONN(BV,p,2)= XTOPD(P)
XCONN(BV,p,3)= 0

XCONN(BV,p,4)= Total number of pixels connected to the pixel p (de 0 à 8)

XCONN(BV,p,5)= n° (P1) of the pixel connected to pixel p

XCONN(BV,p,6)= percentage of water coming to p from P1

XCONN(BV,p,7)= n° (P2) of the pixel connected to pixel p

XCONN(BV,p,8)= percentage of water coming to p from P2

XCONN(BV,p,9)= n° (P3) of the pixel connected to pixel p

XCONN(BV,p,10)= percentage of water coming to p from P3

XCONN(BV,p,11)= n° (P4) of the pixel connected to pixel p

XCONN(BV,p,12)= percentage of water coming to p from P4

XCONN(BV,p,13)= n° (P5) of the pixel connected to pixel p

XCONN(BV,p,14)= percentage of water coming to p from P5

XCONN(BV,p,15)= n° (P6) of the pixel connected to pixel p

XCONN(BV,p,16)= percentage of water coming to p from P6

XCONN(BV,p,17)= n° (P7) of the pixel connected to pixel p

XCONN(BV,p,18)= percentage of water coming to p from P7

XCONN(BV,p,19)= n° (P8) of the pixel connected to pixel p

XCONN(BV,p,20)= percentage of water coming to p from P8

III. ISBA-TOPMODEL variables used to manage the masks (to go from a grid to another):
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NMASKT (created by the routine called make_mask_topd_to_isba.F90)

NMASKT(BV,p)=M

NMASKI (created by the routine called make_mask_isba_to_topd.F90)

NMASKI(M,BV, p)= p
NLINE (read in connection files and initialised in routine init_topd.F90)

NLINE(BV, P)= p
NNPT(BV)=NX(BV)*NY(BV) = number of P

NNMC(BV)=number of pixels within BV=number of p
IV.  « slope » files
For each pixel, le drainage area as well as the topographic indexes (a/tg(beta)) can be computed and arranged in the files CAT_A_ …. and CAT_ATB_…. respectively

For ISBA-TOPODYN, only the file CAT_ATB__River_MultiD.vec is used : it is called  CAT_slope.vec .
In those files, only the pixels of the catchment are listed (not all those of the surrounding rectangle.).

V.  « Distance » files
From the file CAT_FilledDTM.map and from the location of the river (files _River_…), the distance that water has to run over the hillslopes to reach the river and the distance that water has to run along the river to reach the outlet  can be determined.

For a catchment CAT, the files are called CAT_Hillslope_Distance.map and CAT_River_Distance.map. They have the same structure as the file CAT_FilledDTM.map
For ISBA-TOPODYN simulations, the files are called respectively,  CAT_HillDist.map et CAT__RiverDist.map.

VI. Useful files for ISBA-TOPODYN
Finally, only 6 files for each catchment are used :

CAT_FilledDTM.map

CAT_connections.vec

CAT_slope.vec

CAT_RiverDist.map

CAT_HillDist.map
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a) Time step t; dt =time step of SURFEX; dT=time step of TOPMODEL=4*dt










