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S1. Coupling HEC-RAS with DREAM in MATLAB 

The diagram of the coupled DREAM and HEC-RAS system for tracking sewage inputs and their 
discharge flows is illustrated in Figure S1. In summary, the basic configuration of the framework is 
established in the file ‘runFramework.m’ where essential elements such as HEC-RAS, function files, and 
observational data are configured and set. Then, the function file ‘Suyuan.m’ interacts with HEC-RAS 
through three sub-function files to update the unsteady flow file, conduct HEC-RAS simulations, and 
return the likelihood function value for each simulation. The likelihood values are then returned to the 
DREAM toolbox for posterior calculation, differential evolution, and the Metropolis selection process to 
update a new generation of source parameters. This iterative process is repeated until the optimization 
termination criterion is satisfied. To facilitate a clear understanding of the workflow, the scripts for 
running the aforementioned models and the links between these models are briefly described in the 
following listings. 

 

Figure S1. Schematic Diagram of the MATLAB HEC-RAS framework operation. 



 

Listing S1. Script to execute designed Framework in MATLAB. 

Listing S1 presents the primary script used to execute the designed framework in MATLAB. Lines 4 to 9 
in Listing S1 set up the working directory and subdirectory containing the files needed to run this 
framework, while Lines 11 to 16 set filenames of user-supplied files. The content of “Move_user_file.m” 
in Listing S1 is presented in Listing S2, which is used to relocate and rename user-supplied files from the 
original path (“sourceFolder”) to the specified path (“destinationFolder”).  

Then, the user must define, in “Set_DRAM.m” shown in Listing S3, the optimization problem setting 
(“DREAMPar”), a priori distribution of parameters (“Par_info”) and the function file of dream 
(“Func_name”). Finally, “DREAM.m” calls the DREAM Toolbox with the information provided by the 
user. The content of “Set_DREAM.m”, “DREAM.m” and “DREAM_postproc.m” in Listing S1 is adapted 
from [1]. Due to space constraints, the specifics are not reproduced here. 



 

Listing S2. Script to rename and relocate user-supplied files. 

 

Listing S3. Script for setting optimization options of DREAM. (Adapted from various scripts in [1]) 



 

Listing S4. Script for automating the update and simulation of HEC-RAS from MATLAB. 

As the function file of the DREAM toolbox, the main script in Listing S4 is presented for automating the 
update and simulation of HEC-RAS from MATLAB. The source parameters (“x”) in Listing S4 indicate 
the newly generated source parameters of the inverse model while (“process_index”) indicates which of 
the parallel chains is running this time. Next, “Update_unsteady_file.m” updates the unsteady flow file 
of HEC-RAS with newly generated lateral inflow parameters. Then, “Extract_hecras.m” in Listing S4 
executes HEC-RAS and extracts simulated water levels at the downstream section. Finally, “Cal_logL.m” 
calculates the log-likelihood function (“log_L”) as the output of the function file. The content of 
“Update_unsteady_file.m”, “Extract_hecras.m” and “Cal_logL.m” are presented in Listing S5, A7, A8, 
respectively. 



 

Listing S5. Script to update the unsteady flow file of HEC-RAS. 

Listing S5 presents the script for updating the unsteady flow file of HEC-RAS from MATLAB. The 
variable (“Filename_hec_u”) indicates the filename of the user-specified unsteady flow file, while the 
variable (“info_cell”) is used to temporarily store the updated text content. To start to replace the data, it 
is necessary to find key variables in the original unsteady file that is being read, which is “Lateral Inflow 
Hydrograph=” for the lateral flow discharge. Lines 14 to 31 in Listing S5 identify the rows of Lateral Inflow 
Hydrograph and replace original source parameters with the newly-generated source parameters 
produced by the DREAM algorithm, where the function (“handleFlow”) is used to format the unsteady 
flow data to fit HEC-RAS, as shown in Listing S6. Then, the other content of the original unsteady flow 
file will be stored directly in the (“info_cell”). Finally, Lines 34 to 39 in Listing S5 write the processed 
content from (“info_cell”) to the unsteady flow file of HEC-RAS line by line. 

 



 
Listing S6. Script to format the unsteady flow data to fit HEC-RAS. 

 

Listing S7. Script to run HEC-RAS and extract simulated water levels. (Adapted from various scripts in 
[2]) 

Listing S7 presents the script for automatically performing parallel computations of HEC-RAS in 
MATLAB [2]. The variable “isComplete” is used to check if all parallel operations have been computed 
successfully before saving data. If all computations are complete, data can be saved or further analyzed. 
Then, Line 17 in Listing S7 extracts the simulated water levels at the downstream cross-section as the 
variable (“z7”), which will soon be used to calculate the likelihood function in Listing8.  

 

Listing S8. Script for calculating the likelihood function. 
 



S2. Real case 1: Source tracking of a time-variable industrial discharge into the river  

For each of the 25 source parameters set in Case 1, the R-statistic used to measure the convergence of the 
sampled chains under the time-varying industrial discharge case is shown in Figure S2. 

 
Figure S2. Convergence of R-statistic of the source parameters for Case 1. 

S3. Real case 2: Source tracking of multiple sewage discharges into the river  

For each of the nine source parameters set in Case 2, the R-statistic used to measure the convergence of 
the sampled chains under the case of wet and dry weather is shown in Figure S3. The resulting marginal 
probability density functions (PDF) are presented in Figure S4. 
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Figure S3. Convergence of R-statistic of the source parameters for Case 2. (a) Dry weather (b) Wet weather 
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(b) 

Figure S4. Marginal PDFs of source parameters for the sewage flow discharge in Case 2 (a) Dry weather 
(b) Wet weather. Abbreviations: the unit of flow rate (Q) is in cubic meters per day (m³/s). 
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