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New Gridded Surface Subsurface 
Hydrologic Analysis Model Computer-

based Calibration Capabilities 
 

by Brian E. Skahill and Charles W. Downer 

PURPOSE: The purpose of this document is to describe how to use four new alternate 
simulation modes that were developed to support the computer-based calibration of the Gridded 
Surface Subsurface Hydrologic Analysis (GSSHA) model. 

INTRODUCTION AND BACKGROUND: Research at the U.S. Army Engineer Research and 
Development Center (ERDC) has focused on the development of methodologies, or 
improvement of the efficiency of native algorithms, for the computer-based calibration of 
hydrologic and environmental models. Efficiency for these efforts is measured in the number of 
forward model calls necessary for the calibration algorithm to converge on a solution. Our 
calibration software accommodates a popular model independent control file protocol (Doherty 
2004; 2007a. b, c). Two ERDC Technical Reports published in early 2012 (Skahill et al. 2012a, 
b) demonstrate, by way of example(s), how to use the ERDC implementations of: 

1. The Levenberg-Marquardt (LM) local search method, and also the Secant LM (SLM) 
method, an efficiency enhancement to the LM method, and  

2. The stochastic global optimization method MLSL, which uses our LM/SLM method for local 
searches,  

to calibrate, in a model independent manner, a Gridded Surface Subsurface Hydrologic Analysis 
(GSSHA) hydrologic model (Downer and Ogden 2003a, b). In these documents, the LM, SLM, 
and MLSL methods are also briefly summarized. More lengthy descriptions of the three methods 
can be found in Skahill et al. (2009). The two noted ERDC Technical Reports, their related 
appendix material, and all of the files associated with the examples discussed in each respective 
report, are made publicly available via the GSSHA wiki, http://gsshawiki.com.  

Following publication of these ERDC technical reports, four automated calibration methods were 
directly integrated into the GSSHA model: 

1. LM/SLM,  
2. MLSL,  
3. Multistart (MS) (Skahill et al. 2009), and  
4. Trajectory Repulsion (TR) (Skahill et al. 2009).  

Methods 3 and 4 are stochastic global optimization methods which, like MLSL, use the ERDC 
LM/SLM method implementations for local searches. Each method can be utilized as an 
alternate GSSHA simulation mode. Hence, there are four new alternate GSSHA simulation 
modes that employ ERDC model calibration software, and their practical use is the primary 
subject of this report.  
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The content of the two previously mentioned technical reports, which explain in a clear and 
practical way how to calibrate, in a model independent manner, a GSSHA hydrologic model, is 
also the primary documentation for use of any of the four new alternate GSSHA simulation 
modes that employ ERDC automated model calibration software. The section below titled 
“IMPLEMENTATION AND USAGE” describes an initial approach that one can take to utilize 
any one of the four new alternate GSSHA simulation modes. Content within the respective 
individual subsections (“Efficient Local Search”, “Multistart”, “Trajectory Repulsion”, and 
“Effective and Efficient Stochastic Global Optimization - Multilevel Single Linkage”) contains 
any additional information that must be supplied to apply that specific simulation mode. 

IMPLEMENTATION AND USAGE: Although the ERDC automated model calibration 
software was originally written to accommodate a popular model independent protocol, to be 
consistent with the other alternate GSSHA run modes; i.e., Batch, SCE, and Monte Carlo, the 
GSSHA value replacement functionality (Downer and Ogden 2003a) was utilized instead when 
the ERDC automated model calibration software was directly interfaced with the GSSHA model 
to develop the four new alternate GSSHA run modes. 

As the new methods make use of the value replacement feature in GSSHA, it is assumed that the 
list of parameter names and their associated values are in the same order in the GSSHA replace 
parameters and values files as they are in the control file. They are in the same order as they are 
also specified in the control file that will likely be prepared beforehand, as will be described 
below. In the control file that must be prepared to guide the automated model calibration process 
using any one of the four new GSSHA simulation modes, one still has the flexibility to designate 
parameters as log transformed, none, fixed, or tied (see Skahill et al. (2012a) for further 
discussion, and in particular, examples 8 and 9 in the referenced report). To use any one of the 
four new alternate GSSHA simulation modes to calibrate a given GSSHA hydrologic model 
deployment, following the steps listed in Example 1 in Skahill et al. (2012a) will result in 
preparation of all of the files necessary to calibrate the GSSHA hydrologic model in a model 
independent manner using ERDC software. While Example 1 in Skahill et al. (2012a) provides 
the general framework for developing the required files for a GSSHA model application, it does 
not serve as universal guidance for which GSSHA model parameters to adjust during calibration. 

The GSSHA User’s Manual (Downer and Ogden 2003a) provides guidance on the selection of 
parameters to calibrate. Objective function formulation is an additional component that will 
affect the model calibration process, and which is also unique for each local GSSHA model 
deployment. The objective function is a quantitative measure of how well model simulated states 
(e.g., flows, stages, reservoir/lake levels, groundwater levels, etc.) compare with their observed 
counterparts. In simple cases this is comprised of differences between measured and modeled 
flows at, for example, daily, hourly or even smaller intervals. In more complex cases a multi-
criterion objective function is constructed in which different measurement types, or the same 
measurement type processed in different ways, comprise separate components of a composite 
global objective function. 

To use any one of the new simulation modes, one must first complete the necessary steps to 
calibrate the GSSHA hydrologic model in a model independent manner, as outlined in Example 
1 in Skahill et al. (2012a). Thereafter, a few modifications are required to the prepared files, in 
addition to the preparation of one or more additional input files, possibly, as described below. 
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1. Include on a new line at the end of the control data section of the prepared control file the 
name of the GSSHA project file. 

2. The model command line section of the prepared control file will include one line with the 
entry “model.bat” following the steps listed in Example 1 in Skahill et al. (2012a). Replace 
the one line model command line section entry “model.bat” with two lines, the first line 
containing “preGSSHA.bat”, and the second line containing “postGSSHA.bat”. The contents 
of the file named “postGSSHA.bat” effectively include the contents from the previously 
prepared batch file named “model.bat” which follow the actual forward model (i.e., GSSHA) 
execution call.  

3. Prepare two files that were referred to above; namely, the GSSHA value replacement files 
designated by the project cards REPLACE_PARAMS and REPLACE_VALS that must be 
specified in the GSSHA project file to activate use of the GSSHA value replacement 
functionality which supports the existing alternate run modes (Batch, SCE, Monte Carlo). 
These file formats are described on the GSSHA wiki in the Alternate Run Modes section of 
the Users’ Manual. To prepare the REPLACE_PARAMS file designated in the GSSHA 
project file, copy the parameter names as they are listed in the parameter data section of the 
control file into a new file, after specifying on the first line of this new file the number of 
parameters. Afterwards, place a ‘[‘ character before the name of each parameter and a ‘]’ 
character at the end of the name of each parameter, with no space between the noted 
characters and the beginning and end of each parameter name. At this point, each line of the 
REPLACE_PARAMS file following the first line, which indicates the number of parameters, 
is of the form [parameter_name_i], for i = 1, …, n, where n is the number of specified 
adjustable model parameters. Modify each one of the lines following the first to be of the 
form [parameter_name_i] “%lf”, to designate that each of the specified adjustable model 
parameters will be treated as a double precision floating point value during model calibration. 
The REPLACE_VALS file is quickly and easily prepared; copy the initial values specified 
for each parameter as listed in the fourth column of the parameter data section of the control 
file into a new file and place the parameter values on a single line with one or more spaces 
between each specified parameter value. Assistance with preparing these two files can also 
be found, as previously mentioned, on the GSSHA wiki. Moreover, the respective 
REPLACE_PARAMS and REPLACE_VALS files are also provided in any one of the 
example problems provided in each subsection on the GSSHA wiki. 

4. If the steps in Example 1 in Skahill et al. (2012a) were followed as recommended, there now 
exists one or more model input template files that were prepared to support model 
independent model calibration using ERDC software. Make a copy of each of the current 
one-or-more model input template files, and ensure that the name of each file copy is the 
appropriate model input file specified in the GSSHA project file. For example, if the model 
input template file for the GSSHA mapping table file is currently named input.cmt.tpl, and it 
is the basis for generating the actual GSSHA mapping table file specified in the GSSHA 
project file, named gssha_input.cmt, then rename the file copy of the template file named 
input.cmt.tpl to gssha_input.cmt. For each of the appropriately renamed template file copies, 
subsequently (1) delete the first line that starts with “ptf”, and (2) replace the existing 
template file specified adjustable model parameter designator; for example, ‘$’ upon 
inspection of the template files listed in Appendices 1 and 2 of Skahill et al. (2012a), with 
that used for the GSSHA value replacement functionality; viz. ‘[’ and ‘]’ placed at the very 
beginning and end of the specified adjustable model parameter name. 
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There are two primary output files associated with the use of any of the three global optimization 
methods. The primary output file will be named either “slm_chl_ms1.rec”, “slm_chl_ms2.rec”, 
or “slm_chl_mlsl.rec”, depending upon whether MS, TR, or MLSL was used to calibrate the 
model. Its contents include: 

1. A summary of the contents of the input file and the case name of the control file employed; 
2. A summary of the global phase of the method consisting of a given row listing the names of 

the specified adjustable model parameters, the associated total objective function value 
named “Total”, and its various subcomponent names, followed by a set of rows, each one 
consisting of a sampled initial point, via uniform random sampling, and its related objective 
function value(s); and 

3. A summary of the local phase of the method consisting of, for each LM/SLM local search 
performed, the initial and final parameter set and their associated objective function values, 
respectively.  

Each individual subsection below includes (1) any additional information that must be prepared 
to use that specific alternate GSSHA run mode, (2) the syntax for executing the given alternate 
GSSHA run mode, and (3) reference to a test problem which one can use as a go by that is made 
available via the GSSHA wiki. GSSHA executables which employ the four new alternate 
simulation modes are also available via the GSSHA wiki. 

Efficient Local Search: 

This alternate GSSHA run mode employs the independent ERDC implementations of the 
LM/SLM local search methods. There is no additional information that must be prepared to 
employ this specific alternate GSSHA run mode. The syntax required to use this alternate 
GSSHA run mode for GSSHA model calibration is: 

gssha.exe –slm case.pst 

where case.pst is the name of the modified input control file. The active user is referred to the 
technical report ERDC-CHL-TR-12-3, and its related appendix material and example problem 
files, for several examples which demonstrate in a clear and practical manner how to use various 
functionalities associated with LM/SLM local search methods. Example problem files prepared 
for a LM/SLM supervised alternate GSSHA run mode model calibration run are made available 
via the GSSHA wiki. 

Multistart: 

This alternate GSSHA run mode incorporates a simple stochastic global optimization algorithm 
called Multistart, which involves both a global phase and a local phase. The Multistart method 
samples points from a uniform distribution over the specified feasible parameter space and starts 
a local search from each of the sample points. The local search algorithm is either the LM 
method, or its efficiency enhancement, the SLM method. It is recommended that one use the 
SLM method for the local searches due to its higher efficiency when compared to the LM 
method (Skahill et al. 2009). Uniform random sampling ensures global reliability of the method 
and the estimate for the global minimum is the smallest local minimum found. Multistart is 
inefficient in that each local minimum, particularly those in large regions of attraction in the 
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parameter space, is generally found multiple times. Multistart naively stops after a user-specified 
number of iterations; however, more sophisticated stopping rules are possible. Prior to execution 
of this simulation mode one must also prepare a file named ms.in (for “multistart input”) which 
contains two integers whose values are specified on the first and second lines of the file wherein 
the first entry is a random number between 0 and 4,294,967,295, and the second value indicates 
the number of LM/SLM local searches that will be performed with initial points randomly 
sampled, uniformly, from specified feasible adjustable model parameter space. The required 
syntax to use this alternate GSSHA run mode for model calibration is: 

gssha.exe –ms case.pst 

where case.pst is the modified control file. The name of the primary model output file associated 
with this alternate GSSHA run mode is “slm_chl_ms1.rec”. Example problem files (both input 
and output) prepared for a Multistart supervised alternate GSSHA run mode model calibration 
run are made available via the GSSHA wiki. 

Trajectory Repulsion: 

This alternate GSSHA simulation mode incorporates a simple stochastic global optimization 
algorithm called Trajectory Repulsion (TR), which was designed to encourage maximal 
exploration of specified feasible parameter space. The TR method was developed to overcome the 
inefficiency of repeatedly locating the same local minima. TR begins by evaluating the objective 
function on a single uniform random sample of points and discarding those points for which the 
objective function is above the median. A local search is begun from the point with the lowest 
objective function value. Subsequent local searches are initiated at points in the reduced sample set 
that are furthest from previous search trajectories, in attempts at avoiding repeatedly locating the 
same local minima. A variety of user-specified stopping criteria is implemented, and can be used to 
balance local and global exploration in the parameter space. To potentially increase efficiency, a 
slight additional modification has been made that terminates the current local search if the current 
trajectory is within a user-specified distance of any previous parameter trajectory, the presumption 
being that the current trajectory is headed toward an already found minimum. Prior to execution of 
this simulation mode one must also prepare a file named tr.in (for “trajectory repulsion input”). 
The file named tr.in contains six entries, each specified on its own individual line. The six entries 
are (1) a character that is either ‘Y’ or ‘N’ to indicate whether the program will write (‘Y’) or read 
(‘N’) the file named “RandomNumberSeeds.prn” (more often than not this entry will be ‘Y’), (2) 
the initial seed that is an integer between 0 and 4,294,967,295, (3) an integer value specifying the 
number of initial function evaluations to perform, (4) an integer value specifying the maximum 
number of local searches to be performed, which must be less than half of the number of initial 
function evaluations, (5) an integer value specifying the maximum number of local searches to 
perform with no objective function improvement, which must be less than the maximum number 
of local searches to be performed, and (6) a floating point value that specifies the objective 
function improvement fraction that is judged to be negligible. The required syntax to use this 
alternate GSSHA run mode for model calibration is:  

gssha.exe –tr case.pst 
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where case.pst is the modified control file. The name of the primary model output file associated 
with this alternate GSSHA simulation mode is “slm_chl_ms2.rec”. Example problem files (both 
input and output) prepared for a Trajectory Repulsion supervised alternate GSSHA run mode 
model calibration run are made available via the GSSHA wiki. 

Effective and Efficient Stochastic Global Optimization – Multilevel Single Linkage: 

As previously mentioned, this GSSHA alternate run mode employs the independent ERDC 
implementation of the stochastic global optimization method Multilevel Single Linkage (MLSL), 
which employs the independent ERDC implementations of the LM/SLM local search methods 
for local searches. Please see the technical report ERDC-CHL-TR-12-2, and its related appendix 
material and example problem files, for a discussion of the MLSL method and also four 
examples that explain in a clear and practical way how to calibrate a (GSSHA) model in a model 
independent manner using the MLSL method. Prior to execution of this alternate GSSHA run 
mode, which employs the MLSL method, in addition to the activities that must be performed that 
uniformly apply to any of the four alternate GSSHA run modes (previously discussed above), 
one must also prepare a file named mlsl.in (for “multilevel single linkage input”). The file named 
mlsl.in contains eleven entries, each specified on its own individual line. The eleven entries are:  

1. the MLSL parameter N,  
2. the MLSL parameter γ,  
3. the MLSL parameter σ,  
4. the input parameter d2, (see below) 
5. a character that is either ‘Y’ or ‘N’ to indicate whether the program will write (‘Y’) or read 

(‘N’) the file named “RandomNumberSeeds.prn” (more often than not this entry will be ‘Y’),  
6. the initial seed that is an integer between 0 and 4,294,967,295,  
7. the maximum number of MLSL iterations to perform,  
8. the maximum number of local searches to perform,  
9. the maximum number of local searches to perform with no improvement,  
10. the maximum number of MLSL iterations to perform with no improvement, and  
11. the objective function improvement fraction judged to be negligible.  

D2 is a floating point value specifying a distance threshold that is used for comparison during 
execution of our implementation of MLSL. In particular, if during a given local search with 
MLSL, the distance computed between the current location in adjustable model parameter space 
and any of the previously computed parameter upgrade vectors (obtained either during the 
existing or with any of the previously performed local searches) is less than this specified 
threshold value, then the current local search is prematurely terminated with the assumption that 
it has progressed into a region of attraction of a previously visited local minimum - the impact of 
this input entry has not been explored with much detail, and it is often set to zero. In essence d2 
specifies a local distance around a location for which it is assumed that all other searches 
entering this area will end with the same minimum. 

Please refer to the technical report ERDC-CHL-TR-12-2, and its related appendix material and 
example problem files, for a discussion of the previously mentioned MLSL input parameters, 
and via the examples, guidance regarding potential values to specify for your given application. 
The required syntax to use this alternate GSSHA run mode for model calibration is: 
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gssha.exe –mlsl case.pst 

where case.pst is the modified control file. Please see the technical report ERDC-CHL-TR-12-2, 
and its related appendix material and example problem files, for a discussion of the MLSL 
method outputs, the primary model output being named “slm_chl_mlsl.rec”. Example problem 
files (both input and output) prepared for a Multilevel Single Linkage (MLSL) supervised 
GSSHA alternate run mode model calibration run are made available via the GSSHA wiki. 

SUMMARY AND RECOMMENDATIONS: This technical note briefly introduces and also 
describes how to use four new alternate simulation modes that are now available to support the 
computer-based calibration of a GSSHA hydrologic model using ERDC model calibration 
software. The four new methods employ independent ERDC implementations of (1) the 
Levenberg-Marquardt (LM) local search method, and also the Secant LM (SLM) method, an 
efficiency enhancement to the LM method, and three stochastic global optimization methods; 
viz., (2) multistart, (3) trajectory repulsion, and (4) multilevel single linkage, which use the 
ERDC LM/SLM method implementations for local searches. To be consistent with the other 
alternate GSSHA run modes (, Batch, SCE, Monte Carlo), the GSSHA value replacement 
functionality was utilized for each of the four new alternate GSSHA run modes that employ 
ERDC automated model calibration software. 

When using ERDC model calibration software, one now has the flexibility to calibrate a GSSHA 
hydrologic model either in a model independent manner, as specified in the two noted technical 
reports, or by using one of the four new alternate GSSHA run modes. We recommend that one 
calibrate a GSSHA hydrologic model using one of the four new alternate GSSHA simulation 
modes given that the other alternate GSSHA simulation modes (viz., Batch, SCE, Monte Carlo) 
also use the GSSHA value replacement functionality. Available project resources more often 
than not limit the time that can be devoted to model calibration, and if so, we then recommend 
that one use the SLM method, possibly also with prior information (please see Example 11 in the 
technical report ERDC-CHL-TR-12-3 for an example problem that could serve as a go-by). 
However, if resources do permit a more thorough exploration of model parameter space, then, of 
the three available stochastic global optimization methods; viz., MS, TR, and MLSL, we 
recommend using MLSL (Skahill et al. 2009). When using any one of the three stochastic global 
optimization methods, we recommend SLM for the local searches. 

We continue to develop additional model calibration methodologies. We also anticipate, in the 
near future, the delivery of a new alternate run mode for the computer-based calibration of a 
GSSHA model that will be a blend of two previous works (Skahill et al. 2009; Doherty and 
Skahill 2006). We believe it very well could become the preferred method for calibrating the 
spatial hydrology model GSSHA. We further anticipate the development and delivery of 
additional alternate run modes that quantify GSSHA model parameter and predictive uncertainty. 

ADDITIONAL INFORMATION: For additional information, contact Dr. Brian E. Skahill or Dr. 
Charles W. Downer, at Brian.E.Skahill@usace.army.mil and Charles.W.Downer@ 
usace.army.mil, respectively. This CHETN should be cited as follows: 

Skahill, B.E., and Downer, C.W. (2012). New Gridded Surface Subsurface 
Hydrologic Analysis Computer-based Calibration Capabilities. Coastal and 
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Hydraulics Engineering Technical Note, ERDC/CHL CHETN-IV-86. Vicksburg, 
MS: U.S. Army Engineer Research and Development Center. An electronic copy 
of this CHETN is available from http://chl.erdc.usace.army.mil/chetn. 
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