The Distributed Hydrology Soil Vegetation Model (DHSVM)
Hydrologic Modeling Workshop
General background

DHSVM is a spatially distributed, physically-based rainfall-runoff model developed in the 1990’s at the University of Washington for research purposes.  The model explicitly solves the water and energy balances over distributed model elements, defined as discrete pixels or grid cells.  The model requires spatially distributed input in the form of surface topography, vegetation cover, and soil type and depth, developed within a GIS framework.  Soil and vegetation parameters are used to define the physics of water movement through the vegetation and the subsurface.  The model combines a two-layer canopy representation for evapotranspiration, a two-layer energy balance model for snow accumulation and melt, a one-dimensional unsaturated soil model, and a two-dimensional saturated subsurface flow model.  Downward moisture flux in the unsaturated zone is accomplished using Darcy’s law.  Surface runoff routing is accomplished using a linear reservoir routing scheme.  A full description of the model and equations used to drive it are given in Wigmosta et al. (1994).  This exercise provides guidance on running the model using input files provided for a watershed (Ranch Brook) on the eastern slope of Mt. Mansfield, Vermont.
Step 1. Getting Started.

1. Download the DHSVM zip file provided on the Data page on the workshop website by right-clicking on the link and selecting save link as …  Save the .zip file to the directory where you are storing materials for the modeling workshop.
2. Open Windows Explorer and navigate to your zoo directory.  Double click on the dhsvm.zip file to open Winzip to extract the zipped files.  Indicate the destination to which you want to save the extracted files (this should be on your zoo directory, in the subdirectory you are using for the workshop).  
3. Use Windows Explorer to examine the subdirectories provided.  These include

· /source – the location of the source files used to compile the model code, along with the model executable file

· /state – the location of state files used by the model to define the initial conditions (soil moisture, snow cover, groundwater levels, etc.)

· /util – the location of files used to compile model code and run certain utilities needed by the model
· /inputmans – the subdirectory containing input files used for model runs for Mt. Mansfield watersheds Ranch Brook and West Branch

· /outputmans - the subdirectory into which the model writes output files created runs of the  Mt. Mansfield watersheds Ranch Brook and West Branch

· /scripts – the location of scripts used to create graphical displays of model output

· /graphics – the subdirectory into which graphical displays of model output created by the scripts are written

4. Use Windows Explorer to examine the binary (.bin) input files used to run the model for the Ranch Brook watershed.  These are stored in the subdirectory /inputmans and include
· mask_ranch – the watershed boundary file used as the model domain

· dem_ranch – the digital elevation model of the watershed, used to define elevations to lapse temperature and precipitation, flowpaths for water routing, and aspect for calculation of solar inputs

· flowdir_ranch – the flowdirection grid indicating the direction (using an 8-directional scheme) to which each pixel in the watershed drains; this is used to route flows in the model
· soil_ranch – the grid that defines the soil type for each pixel within the watershed

· soildpth_ranch -  the grid that defines the soil depth for each pixel within the watershed

· vegtype_ranch – the grid that defines the vegetation (or cover) type for each pixel within the watershed.

Note that these files are created within a GIS environment, in a manner similar to the methods you employed earlier in the week for Potash Brook.  DHSVM requires that all spatial data be provided in gridded format.  GIS grids are converted to ascii files using a GIS grid-to-ascii conversion tool, then converted to binary files for the model to read.  There are many other files in this directory, including similar files for the West Branch (_west) watershed on Mt. Mansfield and other versions of some of these files (for example, mask_ranch.asc – the ascii file used to derive the binary file used by the model)

5. Use Windows Explorer to examine the data (.dat) files used to run the model for the Ranch Brook watershed.  These are also stored in the subdirectory /inputmans and include

· str_mapr.dat – a file indicating segments of the stream network within the watershed

· str_netr.dat – a file indicating the connectivity among segments of the stream network within the watershed

· stream-class.dat – a file containing certain parameter values for stream types

Note that these files are created using a series of ArcInfo algorithms that are described on the DHSVM Users Group web site.  Similar files can also be created for road networks, if the effects of roads are to be included in model simulations.

6. Use Windows Explorer to examine the meteorological data file used to run the model for the Ranch Brook watershed.  This file (and several versions of it) is stored in the subdirectory /inputmans and called 
mansfield-met-wy02.txt

 .

Step 2. Examining the model input file
In addition to the spatial datasets and the meteorlogical data file described above, DHSVM uses an input file to define paths and files names to all files read into the model and parameter values used by the model to make calculations .  The input file specifies (1) options that specify how the model will be run, (2) the paths and file names for input files, (3) parameter values for various parameters required of the model, (4) paths and file names for the state files needed to initialize the model, (5) paths and file names for meterological data needed to run the model, and (6) paths and file names for output to be written by the model.  Note that any text preceeded by a # is a comment and not read by the model.
1. Use Windows Explorer to open the file input-ranch.txt and examine the file.  

2. The first few sections of the input file specify settings, such as whether meteorological data will be read in from a station file or from map, such as those generated by the Prism model.  Examine these settings in the input file sections headed  Options Section, Variable Crestman Interpolation, Read Interpolation Weights, Lapse Rates, and Infiltration Rate.  

3. The next two section of the input file specify the model area for a run and the time period over which the model will be run.  In the space below, indicate the size of the grid cell (grid spacing) used in this input file and the start and end dates specified in this file.  Note these can be altered by the user to run the model for other watersheds or other time periods.

Grid cell size for Ranch Brook in input-ranch.txt 


Start and end date/time for model run specified in input-ranch.txt

Start: 




End: 




4. The next two sections of the input file are used to define a set of constants and lapse rates for the model.  These can be altered by the user to improve model performance.

5. The sections labeled terrain, elevation band and groundwater information section give paths to files read or written by the model. The input file names here should correspond to files stored in the specified directories that the model will read.  In the space below, indicate the path and name of the DEM, basin mask and flow direction files read by the model:
DEM file:  








Basin mask file:  







Flow direction file:  







6. Scan through the input file until you see the section indicating the paths and names of the stream files read by the model.  In the space below, indicate the path and names of the files used here for Ranch Brook

Stream network file: 







Stream map file: 







Stream class file:  







7. Meteorological information to be read by the model is specified next in the input file.  This information includes x,y, and z coordinates of the station(s) used to provide input meteorogical data and the path and file name to the file containing the data.  In the space below, indicate the path and name of the meteorological files used here for Ranch Brook

Station file 1:  








8. Soils and vegetation information are specified next in the input file.  The paths and file names are followed by sections allowing the user to specify input parameters for each soil type and vegetation type included in the model domain.  In the space provided below, indicate the path and name of the soil and vegetation files used.  How many soil types and vegetation (cover) types are specified here?  Scan the list of parameter values for each.  What do you notice?  We will come back to these questions for discussion.

Soil depth file:  








Soil map file:  








Vegetation map file:  







9. The last sections of the input file indicate the directory to which model output will be written, the directory from which state files will be read, and a section allowing the user to output from model runs maps of various model values (i.e. soil moisture or snow water equivalent at a given date and time).  

10. Using the information you recorded in the spaces provided above, use Windows Explorer to confirm that the files used by a model run with input-ranch.txt defined as a the input file are available in the specified directories.  When you have found these files, place a small check mark to the right of each blank above.  Note that if you use DHSVM for simulations in another watershed or over another time period, you will need to have these input files available for your model domain and time period.

Step 3.  Running the model
Running DHSVM is simple – the executable file name is typed at the unix prompt, followed by the input file.  You will need to work within a unix environment to do this.  
1. On the Start menu of your computer, select Programs, SSH Secure Shell, and SSH Secure Shell Client to access the PC-based tool that allows you to emulate a Unix-based operating system environment.

2. Use the Quick Connect button and type zoo.uvm.edu into the host name and your UVM netid  (i.e. bwemple) into the user name.  A screen will appear for you to enter your password.  You will be logged onto to our Unix mainframe and a terminal type prompt will appear.  Use the enter key to accept the default (<vt100>).

3. You will need to use Unix commands to change directories into the DHSVM directory that you created in Step 1 of this exercise. The command to change directories is cd followed by the directory name.  To see a list of directories in your workspace type ls -l and return.  This gives you a long list (-l, file names, permissions, dates) associated with every file and directory stored at this location.  
4. Use the cd command to change directories into your DHSVM directory.  The space below is provided for you to make note of the command you will type to move into this directory, depending upon the name you have assigned.  Using the ls –l command is a good way to check to see where you are (and more importantly, what directories and files are stored here) once you have changed directories.

5. Follow instructions provided to navigate into the ./source directory and change the permission on the executable file, so that you can run the model.  You will only need to do this once (ever) for this version of DHSVM downloaded from the zip file provided.

6. Return to the root DHSVM directory to execute the model by typing cd .. (note there is a space between “cd” and “..”).  This takes you up one level from the ./source directory to the root DHSVM directory.

7. To run the model type 

./source/dhsvm_hfmoist_fast input-ranch.txt 

Note that this specifies you are running the model executable (dhsvm_hfmoist_fast) from the directory source which is one level below (./) where you are now, using the input file input-ranch.txt, from the directory in which you are currently located.

8. The model should initiate by scrolling information to the screen, then begin scrolling hourly timesteps of the model run.  It will take about an hour and a half to run the model for Ranch Brook for a full year, at an hourly time step, on our UVM server (possibly more if we all run at once).

9. Take a break!

Step 4. Assessing model output
DHSVM produces several types of output, including time series data on all of the hydrologic fluxes calculated by the model and spatial data on hydrologic conditions (soil moisture status, ground water level, snow water equivalent) at any time period over the modeled time domain.  The input file is used to designate the location to which the model writes output.  Desired spatial outputs are indicated by the user at the end of the input file.
The file Streamflow.Only contains simulated streamflow (in m3/hr) data at each simulated time step.  Use this file and the file of observed flow for Ranch Brook provided to assess the model’s performance.  Both files are readable as text files.  You can open both in Excel by setting the files of type option to all when navigating to open a new file in Excel.

Notes on automated scripting of DHSVM output
We have created a series of scripts to display DHSVM output.  These have been provided to you in a subdirectory called /scripts.  These scripts write output to a directory called /graphics.  If you navigate to the /scripts directory and open one of the r files (plot_dhsvm1_ranch.r)  you will note that the paths for input or output are set to specific users (bwemple at UVM).  These can be edited for your own use using a text editor (notepad or wordpad).  
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