
Temperature Regression Model for CVPIA Streams 
Motivation 

The Central Valley Project Improvement Agency (CVPIA) Scientific Integration Team (SIT) 
provides guidance in terms of project funding on habitat restoration and other projects designed 
to increase salmonid populations on CVPIA streams and rivers. The SIT uses a Decision Support 
Model (DSM) which requires temperature-based inputs. 

This temperature regression model is a tool that can be used to estimate water temperatures in 
CVPIA streams for which no reliable method had existed previously. There are many streams 
that are either undergauged or completely ungauged, thus leaving them without any usable data 
for developing the temperature estimates that are an important component of fish mortality 
models that water managers can use to meet CVPIA objectives. These un(der)gauged streams are 
the target application for the model described herein. 

Starting in summer of 2018, data were solicited from SIT members, especially staff from FWS 
and California Department of Fish and Wildlife. Records across different portions of the 
2000-2017 period were identified from thermistors whose river miles were known. Over the 
winter and spring, the regression-based method described below was developed to fit a model to 
known data which can then be extrapolated to other river miles or even other streams. In April a 
first draft of assignments for un- and under-gauged rivers were applied, for future consideration 
by the SIT. 

 
Methodology 

To develop the model, we started with streams in the northern portion of the Sacramento river 
basin that do have a reasonable amount of data coverage of recorded water temperatures. For 
each of these streams, we performed a linear regression analysis to obtain representations of 
water temperature as a function of river mile. The available data for these streams is in the form 
of daily temperature records. Therefore, a linear regression was performed for each day in the 
record for each stream yielding a unique equation of the form 

 

T = m*RM + b                                                           eq 1 

 

where T = estimated water temperature for the given day at the given river mile (RM), m = slope 
parameter of the linear fit, and b = intercept parameter of the linear fit. 

To make the model applicable to the un(der)gauged streams for which we could not do such a fit, 
we performed a second regression analysis in which the daily m and b values from the first 
regression were regressed against equilibrium temperatures recorded at Gerber. This analysis 



yielded equations of the form 

 

m = mm*Teq + bm                                                        eq 2 

b = mb*Teq + bb                                                                                       eq 3 

 

where mm = slope parameter of the linear fit for the m parameter of eq 1, bm = intercept 
parameter of the linear fit for the m parameter of eq 1, mb = slope parameter of the linear fit for 
the b parameter of eq 1, bb = intercept parameter of the linear fit for the b parameter of eq 1, and 
Teq = Gerber equilibrium temperatures, which are calculated using a method provided by Don 
Smith of RMA Engineering. The rationale for using this temperature data is because it is also 
used in HEC-5Q models, including the ones run on several other CVPIA streams. Using the 
same inputs for HEC-5Q and the regression method was desirable for consistency of results. 

 
Application 

To apply the model, the only necessary input is the Gerber equilibrium temperatures (Teq) for the 
dates of interest. Eq’s 2 and 3 are then used for every given date to estimate the m and b values 
that go into eq 1 which then gives the estimated temperatures as a function of river mile. Since 
we developed a unique set of model parameters (mm, bm, mb, bb) for every stream having 
sufficient supporting data, the final step of the model development was a comparative analysis to 
gain insight into which types of streams are good at predicting other streams which then 
informed the parameter assignments that have been given for all CVPIA streams, including the 
un(der)gauged streams (i.e., which set of model parameters to use for each stream). 

Figure 1 illustrates rivers which used thermistor data collected from the SIT to generate 
regression equations for themselves underlined in orange. Ungauged rivers assigned parameters 
from a different river are underlined in red. The Feather, Bear, and Calaveras Rivers are the 
clearest outliers, indicating that better proxies for these rivers still must be found. 



 

Figure 1: Annotated map of CVPIA Streams, with affected streams identified. 

Figure 2 illustrates cross-comparison results in terms of Root Mean Squared Error (RMSE). The 
Antelope and Battle mainstems, as well as Battle Creek’s North Fork, all predict each other and 
Battle Creek’s South Fork fairly well. However, Battle Creek’s South Fork does not even predict 
itself well. This sort of analysis was used to gain insight into how reliable different stream data 
were as the basis for regressions on known streams. It is hoped that nearby or otherwise similar 
ungauged streams would see similarly low errors. In this example, Antelope Creek’s data is 
seemingly useful across several nearby streams. It was results such as these that were used to 
justify draft assignments, but it is anticipated that SIT member expert review will improve upon 
and add to these assignments. 

 



 

Figure 2: Monthly Mean RMSE comparing modeled results from four rivers to observed data for 
themselves and each other. 

 
Future Work 

Model application by FlowWest has begun using the first draft assignments and 
parameterizations. When presented to the SIT, these assignments of streams, as well as the 
designation of river mile at which habitat exists, will be adjusted as per their advice. 
Improvements to the method, including better matching at high temperatures and the 
incorporation of monthly flow inputs, are anticipated for the next work product provided. 


