Forcing Guide:

**Unofficial—document originally by Eric Rosenberg, updated by Ben Livneh, June 2015. Some instances of the code (line numbers) have changed relative to references below.

Introduction

This document describes the steps required to generate meteorological forcings using the methodology discussed in:

Maurer EP, Wood AW, Adam JC, Lettenmaier DP (2002) A long-term hydrologically based dataset of land surface fluxes and states for the conterminous United States. J Clim 15:3237–3251 

Livneh B., E.A. Rosenberg, C. Lin, B. Nijssen, V. Mishra, K.M. Andreadis, E.P. Maurer, and D.P. Lettenmaier, 2013: A Long-Term Hydrologically Based Dataset of Land Surface Fluxes and States for the Conterminous United States: Update and Extensions, Journal of Climate, doi:10.1175/JCLI-D-12-00508.1.
Livneh B., T.J. Bohn, D.S. Pierce, F. Munoz-Ariola, B. Nijssen, R. Vose, D. Cayan, and L.D. Brekke, 2015: A spatially comprehensive, hydrometeorological data set for Mexico, the U.S., and southern Canada 1950-2013, Nature Scientific Data (in review).

A new set of scripts (written mostly in C++) were developed for the Livneht et al. efforts that automates many of the steps required by the gridding done by Maurer et al. (2002).  At the present time, the new scripts generate only prcp, tmax, and tmin data; a separate step is still needed to create and combine wind data, which can be done entirely in netCDF as the wind data are sourced in this format from reanalysis. Finally, although these codes are written to ‘scale’ precipitation data to a common PRISM climatological normal period, it is recommended to skip this step and do the scaling using CDO (https://code.zmaw.de/projects/cdo) and NCO (http://nco.sourceforge.net/nco.html) tools once the data are converted to netCDF format, as these are standardized and efficient.
I. Data structures

An important assumption in the gridding code is that the data will be stored in directories divided by state (or province), and then subdirectories within each state directory for precipitation “prcp”, maximum temperature “tmax” and minimum temperature “tmin”. Within each of the subdirectories the gridding codes expect a “dat.txt” file with the actual station data, comma separated, stored one month per line. Within the “prcp” directory as “stn.txt” file is used to read the list of available stations in that directory. E.g. for the state of Alabama, the station list would be:

<parent directory>/al/prcp/al_prcp_stn.txt
which would then read data from the following files:

<parent directory>/al/prcp/al_prcp_stn.txt
<parent directory>/al/tmax/al_tmax_dat.txt
<parent directory>/al/tmin/al_tmin_dat.txt
Note: the format of the “dat.txt” files reflects the default NCDC format for these files prior to 2011. Data downloaded after this time have been reformatted to match this format. These formats, including QC flags in the data can be found in a companion file that was downloaded from NCDC in 2010: “NCDC_format_guide.txt”
II. Running the Scripts
The new scripts can be used to generate forcings for any domain at any resolution within the conterminous United States.  The only thing required by the user is a digital elevation model, or DEM, of the particular domain at the desired resolution (in Arc/ASCII format, i.e. a raster image with 6 row descriptive header).

To generate forcings, follow these steps:

1. 
Create a DEM of your domain at the desired resolution in Arc/ASCII format. 
2.
The following 11 files are used to generate “ptt” data (prcp, tmax, and tmin):


main.cpp; 
basin.cpp; funcs.cpp; pixel.cpp; station.cpp; basin.hpp; pixel.hpp; station.hpp; vicmet.hpp; Makefile; Project.ede

The only file that needs to be modified for this step is main.cpp.  Open it and modify the following 5 lines:

Line 18: 
startdate (year, month, day) … This must be set to on or before January 1, 
1961 in order for the PRISM rescaling to work correctly.  The earliest it 
can be set to depends upon the earliest date at which downloaded station data are available. *Note this date requirement can be skipped if PRISM scaling is done post-hoc (recommended).

Line 19:
enddate (year, month, day) … This must be set to on or after December 
31, 1990 in order for the PRISM rescaling to work correctly. *Note this date requirement can be skipped if PRISM scaling is done post-hoc (recommended).

Line 22:
states … Enter in the states, surrounded by quotes and separated by 
commas, over which the domain lies (e.g., for the California domain, enter 
{"az","ca","nv","or"}).  The code will then upload the raw prcp, 
tmax, and tmin data for those states, and use those data to regrid forcings 
to the desired resolution.  Therefore, if the domain’s border falls close to a 
state line, it is best to also enter in states just outside the domain’s border, 
in order to provide the code with sufficient stations from which to 
choose for the regridding. 

Line 62:
BasinDem … Enter in the correct path for the domain’s DEM.


Line 119:
P->writePT … Enter in the folder that will store the “ptt” data from this 
step.  Data can be output in either ascii or binary format simply by 
changing the argument towards the end of the line. (Note: in order to 
combine “ptt” data with wind data later on, the data must be output in 
binary format).  Also enter in the number of decimal places that will be in 
the data’s file names – for 1/8 degree, use 4; for 1/16 degree, use 5.

To run the code, simply type “make clean”, then “make”, and then “exe”.  For a domain the size of “sandy,” the code will run in just a few minutes.  For a domain the size of the Colorado River basin, the code will take a few hours.

7.
If desired, the following 2 files are used to convert binary data to ascii data:

run_binary2asciiptt.scr; binary2asciiptt.c


The only file that needs to be modified in this step is run_binary2asciiptt.scr.  Open it and modify the following 5 lines:


Line 14:
Enter in the directory of the input binary files


Line 20:
Enter in the directory containing binary2asciiptt.c (should be the current 
folder).


Line 25:
Enter in the directory of the input binary files


Line 32:
Enter in the directories of the input binary files and output ascii files


Line 36:
Enter in the directory of the input binary files


To run the code, simply type “run_binary2asciiptt.scr”.  At this point the forcings generation process is complete.  The first column of the output data is prcp (units of mm), the second column is tmax (units of degrees C), the third column is tmin (units of degrees C), and the fourth column is wind (units of m/s).
→ →  A NOTE ABOUT THE SYMAP ALGORITHM AND NEAREST NEIGHBORS:

The SYMAP algorithm is used by the code to regrid prcp, tmax, and tmin data based upon raw station data at a specified number of nearby stations.  This value, termed “MINNEIGHBORS,” is currently set to 4, meaning that the code will regrid data from exactly 4 stations.  If one or more of the 4 stations nearest to the center of a particular grid cell does not have data for a particular day, then the code will look for the next nearest station to meet the 4 station requirement.  This process will continue until a specified number of stations has been searched; this value, termed “MAXNEIGHBORS,” is currently set to 50.  Therefore, given the current settings, the code will search as far as the 50th nearest station in order to meet the 4 nearest neighbor requirement for regridding.

To change the values of MINNEIGHBORS and/or MAXNEIGHBORS, modify lines 24 and 25 of vicmet.hpp.
IV. Known Issues

A major issue is the PRISM scaling is not done by a standard aggregation, and therefore I switched to first gridding the data and converting to netCDF and then using CDO tools. Also, time of observation (hour of observation) was added for the precipitation gridding procedure and is expected as the last two digits in the daily precipitation files, e.g. “0611” corresponds to the sixth day of the month, at 11am local. 
