
Regulated flow is the major determinant of downstream riverine habitat conditions including water 
temperature.  In this work we examine conditions along the Lower San Joaquin River (LSJR), 
where competing demands of irrigation, hydropower, and flood control are often in a tenuous 
balance with required environmental flows.  This research focuses on water temperature in the 
context of anadromous fish Chinook salmon, the key species in an ongoing LSJR restoration 
effort.  More specifically, the focus here is on summer conditions, when San Joaquin Valley 
temperatures are high and the adult salmon are migrating up-river to spawn.  Holding pools 
provide a potential thermal refuge for the fish during summer months.  We use a 2D (vertical) 
numerical river model (CE-QUAL-W2) to simulate temperature profiles over time-variant flows, for 
different pool sizes located at different downstream locations.  We characterize the resulting pool 
temperature distributions in terms of  thermal stratification and habitat suitability. 
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Our approach is hypothetical but based on the average bathymetry, measured flows and 
temperature at stations along the San Joaquin River:  Furthermore, the work: 
• Assumed that the critical period for adult Chinook salmon migrating upstream along the San 

Joaquin river to spawn is during the months of June, July, August and September  
• Used a two-dimensional, laterally averaged, mathematical code – CE-QUAL-W2 – to predict 

temperature profiles of a hypothetical river section consisting of an entrance channel 300m 
long, a center pool 180m long, and an exit channel 300m long.  Specifically, we used 3.0m, 
4.5m, and 6.0m depths 

• Simulated the model for a variety of hydrologic and climatic conditions (Figure 3) along the 
river represented by three locations SJF, DNB, and GRF, located at 2.5, 43.0, and 64.0 km 
downstream from the Friant Dam for the year 2012, a dry year 

• Applied threshold temperatures (22 and 24˚C) for stress to the adult Chinook salmon returning 
to spawn to develop a time series which identifies the stress hours per day  for 10% of the pool 
volume which does not exceed the threshold temperature  

• Employed the index, degree hour (𝐼ℎ𝑟−𝑇|𝑑𝑑𝑑),  using the threshold temperature and the volume 
weighted temperature given by the following equations:  
 

• 𝑻𝒑 𝒕 = ∑ 𝑻𝒊𝑽𝒊𝒏
𝒊
𝑽𝒂𝒂𝒂𝒏

; 

•  𝑰𝒉𝒉−𝑻 𝒕 = 𝒕𝒔𝒕𝒔𝒑 × 𝑻𝒑 𝒕 − 𝑻𝒕𝒉𝒉𝒔𝒔𝒉 ; and 

•  𝑰𝒉𝒉−𝑻|𝒅𝒂𝒅 = ∑ 𝑰𝒉𝒉−𝑻 𝒕𝒎
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• Analyzed the mixing patterns in the pool using the local Richardson number  expressed as 

follows:  
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Selected results at two locations: 43.0 km (DNB) and 64.0 km (GRF) 
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Abstract 

GRF – 3.0m pool GRF – 6.0m pool   

 Available volume of cold water in the pools 

In regulated rivers such as the LSJR in California (Figure 1), environmental policy requires 
releasing adequate flows to maintain habitat quality for flora and fauna.  The prescribed reservoir 
releases in the LSJR are tied to water year classifications in order to help satisfy competing water 
demands in dry years.  The question remains as to whether relatively low releases will be 
adequate to maintain habitat quality for key aquatic species under current and projected climate 
conditions.  This work examines one critical determinant of anadromous fish habitat suitability, 
water temperature, as a function of reservoir release conditions. While the flows and spatial scale 
guide this investigation, we are modeling idealized pools with the goal of characterizing the 
probable range of temperature conditions in pools under present and future climate conditions. 
The summer holding period of the spring run Chinook salmon (Onchorhynchus tshawytscha) life 
cycle is the emphasis here (Figure 2); We simulated temperature profiles in the pools for 
scheduled flow releases, at different downstream locations from the reservoir.  Selected results of 
modeled temperature profiles in holding pools, and derived estimates of suitable holding capacity 
under a range of pool, discharge and climate conditions are presented. 

• The fraction and quality of acceptable pool habitat volume depends on location, pool 
geometry, flow, and atmospheric conditions (primarily air temperature) 
 

• Even relatively deep pools are susceptible to excessive warming (in terms of temperature 
and duration) under low-flow conditions, and will be more susceptible under warmer climate 
scenarios 
 

• Careful selection of location, pool geometry (potentially engineered), and discharge 
management will likely be needed to restore a suitable summer holding pool chain along 
impounded lowland rivers in a warming, semi-arid climate such as the San Joaquin Valley 
 

• Further research is necessary to identify optimal reservoir management strategies in the 
context of competing demands irrigation, hydropower, recreation and habitat quality 

Local Richardson Number and Mixing  

• The local Richardson numbers show that during the day, while mixing occurs at the top, water 
stratifies at the bottom of the pool with relatively cold temperature ( Figure 6)   

• Early in the morning the water is well mixed in the pool and the temperature is colder permitting the 
fish at the bottom to move up and migrate upstream ( Figure 7) 

• The threshold temperature, controls the stress hours the  Salmon is exposed in the pool. The 
graphs on the left column are for 22°C ( Figure 4 ) and on the right column are for 24 °C (Figure 5) 

• The fish are stressed for a longer period in the pool located farther downstream of the dam   

• The available volume of cold water for the fish to move to the bottom is more in a 6.0m pool 
than a 3.0 m pool (Figure 8)  

Maximum and minimum temperatures in the pool 
• The time series of the difference in the maximum and minimum temperature in the pool does 

not significantly vary between the two depths but varies depending on the locations.(Figure 9) 

Figure 2:  Salmon’s life cycle Figure 3.  River discharge and water 
temperature 

Figure 4: Comparison of stress for criterion - 22°C – Top at 43.0 
km and the bottom at 64.0 km downstream of dam 

Figure 5:  Comparison of stress for criterion – 24 °C – Top at 43.0 
km and the bottom at 64.0 km downstream of dam 

Figure 6:  Comparison of Richardson’s number – 
afternoon (left) and early morning (right) 

Figure 7: Comparison of temperature profiles – 
afternoon (left) and early morning (right) 

Figure 8:  Comparison of low temp water at the bottom: the deeper 
pool has more volume than the shallower pool (Not to scale) 
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Figure 9: Comparison of the temperature difference: 3.0 m pool on 
the left; 6.0 m pool on the right 

Figure 1:  Study locations 
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