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APPENDIX B.  Temperature and DO Modeling Report 

 Introduction 

The North Coast Regional Water Quality Control Board has listed the Mad River as impaired for sediment, 
turbidity, and temperature under Section 303(d) of the California Clean Water Act, and water quality is a 
critically important factor with regard to the conservation of salmonids and other special-status species. This 
project would dedicate instream flows to the Mad River for environmental benefit purposes. However, stream 
flow enhancement has the potential to affect the quality of the water downstream from the point of discharge, 
but is anticipated to benefit fish and wildlife. The District and its partners monitored water temperature, air 
temperature, turbidity, and discharge between May 1 and October 31, 2018, to analyze the relationships among 
these factors. The goal of the 2018 monitoring was to determine whether the instream flow dedication could 
improve water quality over existing conditions, which may be a limiting factor for salmonids and other special-
status species in the Mad River. 

 Methods and Results 

1.2.1  Sources of Information 

Water and air temperature data on the Mad River were collected by the Mad River Alliance (MRA) from May 
1 to September 26, 2018, using Onset HOBO temperature loggers. The deployment locations for the 
temperature loggers were selected on the basis of: (1) accessibility; (2) capability to provide an accurate 
representation of ambient creek/river temperatures; (3) avoidance of known springs and seeps; and (4) ability 
to conceal the data loggers to reduce vandalism and ensure instrument and data recovery (Pounds pers. comm. 
2019). Mainstem water temperature data were recorded every 30 minutes at 17 sites, but unfortunately three of 
the mainstem HOBO temperature loggers were lost or stolen. Tributary water temperature data were collected 
at 8 sites (Table 14, Figure 8). H. T. Harvey & Associates examined the data set and determined that some of 
the temperature data were collected prior to the HOBO logger being deployed; these data were subsequently 
cropped. We also removed temperature data from the Mad River upstream of Cañon Creek (MRUSCanon) 
between July 7 at 7:00 p.m. and July 19 at 6:30 a.m. because there was a 10°F decrease in recorded temperatures 
that was not observed at neighboring sites. Additional water temperature data from the Ruth Lake Marina (at 
surface) and the Matthews Dam tailrace, as well as turbidity, rainfall and discharge data at the dam (tailrace), 
were provided by the District for May 1 to October 31, 2018. Stream gage data from the U.S. Geological Survey 
were checked against the District data but were not included in the analyses. 
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Figure 1. Temperature Monitoring Sites, Tributaries, and Elevation Profile for the Mad River, 
Humboldt County, California  
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Table 1. Water and Air Temperature Monitoring Sites on the Mad River 

RM ID Reach Category Name Lat Lon 

0.7 WWCK E TR Widow White Creek 40.9623443 -124.1203722 

3.1 MRBoatRamp E MS Mad River Boat Ramp 40.92896818 -124.1297681 

9.5 LowAT LR AT Lower Mad River Air 
Temp 

40.90131994 -124.0469784 

9.5 WarrenCK LR TR Warren Creek 40.90138535 -124.0471489 

10.3 MRDSLindsay LR MS Mad River downstream 
of Lindsay Creek 

40.90174272 -124.0304291 

10.3 LindsayCK LR TR Lindsay Creek 40.90277703 -124.0296433 

10.4 MRUSLindsay LR MS Mad River upstream of 
Lindsay Creek 

40.90116693 -124.0297067 

12.4 MRDSP LR MS Mad River downstream 
of Powers Creek 

40.88395270 -124.0028767 

12.4 PowersCreek LR TR Powers Creek 40.88407803 -123.9802949 

12.4 MRUSP LR MS Mad River upstream of 
Powers Creek 

40.88339983 -124.0028903 

13.7 MRDSNF LR MS Mad River downstream 
of North Fork 

40.87623962 -123.9926627 

13.7 NF LR TR North Fork Mad River 40.88102512 -123.9473143 

13.9 MRUSNF LR MS Mad River upstream of 
North Fork 

40.87343792 -123.9919857 

19.6 MRDSCanon LR MS Mad River downstream 
of Cañon Creek 

40.83528060 -123.9403968 

19.6 Canon LR TR Cañon Creek 40.83136258 -123.9370303 

19.6 MRUSCanon LR MS Mad River upstream of 
Cañon Creek 

40.83477073 -123.9401075 

31.2 MRDSMC* LR MS Mad River downstream 
of Maple Creek 

40.76495528 -123.8887041 

31.3 MapleCreek LR TR Maple Creek 40.76459488 -123.8886667 

31.3 MRUSMC* LR MS Mad River upstream of 
Maple Creek 

40.76446717 -123.8891854 

32.6 MRDSBoulder MR MS Mad River downstream 
of Boulder Creek 

40.75471003 -123.8765421 

32.6 BoulderCreek MR TR Boulder Creek 40.75523691 -123.8763601 

32.6 MRUSBC* MR MS Mad River upstream of 
Boulder Creek 

40.75435072 -123.8755169 

41.6 MidAT MR AT Middle Mad River Air 
Temperature 

40.66226768 -123.8381917 

41.6 MRSwingB MR MS Mad River at Swinging 
Bridge 

40.66176464 -123.8372687 

72.7 MRHWY36 UR MS Mad River at Highway 36 
Bridge 

40.44925597 -123.5023560 
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RM ID Reach Category Name Lat Lon 

77.0 MRUSFSCamp UR MS Mad River at USFS 
Campground 

40.40264200 -123.4688680 

80.2 MRUpAT UR AT Upper Mad River Air 
Temperature 

40.37083274 -123.4347936 

80.2 MRDam UR MS Mad River at Matthews 
Dam 

40.37068642 -123.4359363 

RM is river mile, ID is the site code, and Reach identifies each site as estuarine (E), lower reach (LR), 
middle reach (MR), or upper reach (UR). Name provides the site name with some location information. 
Lat stands for latitude; Lon for longitude. Category is either mainstem (MS), tributary (TR), or air 
temperature (AT). 

* HOBO lost or stolen from this site; no data recovered. 
 
The time series from the MRA 2018 temperature monitoring data are depicted collectively in Figure 9. 
 

 
Figure 2. Mad River Water and Air Temperatures (May 1–September 26, 2018), Recorded Using 

HOBO Temperature Loggers at Multiple Mainstem (Blue), Tributary (Green), and Air 
Temperature (Orange-Red) Sites 

1.2.2  Analytical Approach 

We used graphical analyses, permutation distribution clustering (pdc), multiple regression with ARIMA1 errors, 
and cross correlation functions (CCF) to explore the potential relationship between: (1) water temperatures at 
the point of discharge at Matthews Dam and downstream; (2) water temperatures from tributaries and the 

                                                   
1 Auto Regressive Integrated Moving Average 



Mad River Stream Flow Enhancement— 
Temperature Report 42 H. T. Harvey & Associates 

May 2022 
 

mainstem downstream from the tributary confluence; (3) air temperatures and local or downstream mainstem 
water temperatures; and (4) dam discharge rates and downstream water temperatures. We had originally 
intended to use the Multiple Regression Stream Temperature Model2 (MRSTM) developed by the U.S. Forest 
Service (USFS), but determined that this approach required data that we were unable to acquire, particularly 
discharge time series from tributaries. Instead, we retained the basis for the analysis used by the MRSTM (i.e., 
multiple regression) and employed additional statistical methods to refine this approach (Fellman et al. 2015). 
The MRSTM was not capable of implementing the ARIMA error terms associated with non-stationary time 
series data, such as what was collected during the 2018 monitoring on Mad River. Time series manipulation, 
analyses, and modelling were performed using R (R Core Team 2019), particularly the astsa (Stoffer 2019), 
lattice (Sarker 2008), lubridate (Grolemund and Wickham 2011), pdc (Brandmaier 2015), tseries (Trapletti and 
Hornik 2019), and zoo packages (Zeileis and Grothendieck 2005). 
 
Mad River mainstem water temperatures and the associated water quality may be affected by or correlated with 
multiple factors. The factors that we evaluated were: (1) the temperature of upstream sites; (2) the temperature 
of tributaries to the Mad River; (3) local air temperature; and (4) the temperature and volume of water released 
at Matthews Dam. The volume of water contributed by tributaries also has the potential to affect water quality 
in the mainstem. Because we lacked flow data from these tributaries, we could not analyze the influence of 
tributary discharge on mainstem temperature. Similarly, while the range of discharge volumes observed in the 
mainstem during the monitoring period ranged from 41 to 227 cubic feet per second (cfs), the highest releases 
were limited to relatively short intervals in June and early July, which restricted our ability to model the effects 
of lower or higher discharge rates from Matthews Dam on downstream water temperature. 
 
Maximum Weekly Average Temperature (MWAT) and Maximum Weekly Maximum Temperature (MWMT) 
were calculated from the HOBO temperature logger data. MWAT is the average daily temperature for the 
warmest 7-day period, and MWMT is the 7-day average of the daily maximum temperatures. These indices are 
useful to compare with temperature thresholds developed for different salmonid species and their life stages to 
assess the potential for chronic temperature effects (Stillwater Sciences 2010, Carter 2008).  

1.2.2.1 Graphical Analyses and Permutation Distribution Clustering 

The MRA 2018 temperature monitoring data time series (Figure 9) show a broad range of water and air 
temperatures between May 1 and September 26, 2018. Water temperatures ranged from the mid-40s to the 
mid-70s (°F) in both the mainstem Mad River and the tributaries. The corresponding air temperatures varied 
from 35 to 103°F (Figures 9 and 10). Both air and water time series displayed a strong diel component (i.e., 24-
hour period), with a more limited range observed at lower elevation sites compared to their counterparts at 
higher elevations and closer to Matthews Dam. Most of these time series had the same general structure 
whereby average temperatures peaked around the end of June and gradually declined, with the lowest mean 
temperatures occurring near the end of the study period. The time series that did not exhibit this pattern were 
the two mainstem sites at the highest elevations: Mad River at USFS Campground (MRUSFSCamp) and Mad 

                                                   
2 https://www.fs.fed.us/rm/boise/AWAE/projects/stream_temp/multregression_model.shtml 

https://www.fs.fed.us/rm/boise/AWAE/projects/stream_temp/multregression_model.shtml
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River at Matthews Dam (MRDam). Both of these sites showed a steady increase in average water temperature 
over the course of the 2018 monitoring period. MRUSFSCamp displayed the greatest diel temperature 
fluctuations, and MRDam exhibited the lowest diel temperature fluctuations. The two sites are 3.2 river miles 
(RMs) apart (2.8 miles straight-line distance) (Table 14). The mainstem site lowest in elevation, the Mad River 
Boat Ramp (MRBoatRamp), displayed the smallest diel fluctuations, probably due to its estuarine setting and 
the influences of ocean water temperatures and cooler coastal air temperatures. 
 

 
Figure 3. Air Temperatures along the Mad River (May 1–September 26, 2018), Recorded Using 

HOBO Temperature Loggers 
 
Based on the general pattern of mainstem water temperatures over the 2018 monitoring period, it appeared 
that temperature in the upper reaches was predictive of temperature further downstream; however, both 
tributaries and local air temperature also affected mainstem water temperature. Tributary effects were most 
apparent when we compared the mainstem temperatures upstream and downstream of each confluence. Paired 
site data were collected for four tributaries in the lower reach of the Mad River: Lindsay Creek, Powers Creek, 
North Fork Mad River, and Cañon Creek. Temperature loggers were deployed in each of these tributaries 
upstream of their confluences with the mainstem, and in the mainstem immediately (less than 30 feet) upstream 
and downstream of each confluence. We also evaluated the tributary effect of Boulder Creek, except that the 
upstream mainstem temperature logger was lost or stolen. Therefore, we used time series data from the next 
site upstream at Swinging Bridge (MRSwingB), 9.0 RMs above the Boulder Creek confluence (Table 14, Figure 
8). We generated time series of the temperature differentials for each of the five tributaries (Figure 11). Not all 
tributaries affected mainstem temperatures; the effects of Lindsay Creek, North Fork Mad River, and Boulder 
Creek were essentially undetectable in the mainstem. However, Powers Creek and, to a lesser extent, Cañon 
Creek affected (locally reduced) the mainstem temperature. During July and August, Powers Creek reduced the 
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water temperature in the Mad River by more than 10°F; the maximum difference was 15.0°F on August 13, 
2018; Powers Creek typically is subsurface at its confluence with the Mad River during this time of year, 
contributing cool water via a seep to the mainstem. 
 
The diel water and air temperature fluctuations demonstrated that changing levels of solar heat energy directly 
affect both measurements, but the differences in heat capacity between water and air are also evident from the 
time series data. The fluctuations in diel air temperatures spanned wider ranges than the fluctuations for diel 
water temperatures. Seasonal changes in temperature suggested that multiple factors determine mainstem water 
conditions—the air temperature time series showed a similar initial climb and gradual decline observed in most 
water temperature time series, but the pattern was comparatively muted, which was indicative that local solar 
heat energy (evidenced by the air temperature time series) was only one of multiple contributing factors. 
 

 
Figure 4. Mad River Mainstem Temperature Differences Measured Upstream and Downstream of 

Selected Tributaries (May 1–September 26, 2018) 
 
Similar temperature time series are indicative of similar environmental conditions, connectivity between sites, 
or both (Brown 1969, Johnson 2004, Ferencz and Cardenas 2017). We used permutation distribution clustering 
(pdc) analysis to examine the similarities among time series. This analysis is a complexity-based clustering 
method developed specifically for time series, and uses the permutation distribution of those series to compare 
their differences.  
 
Clustering generally provides a means to distinguish hierarchical, meaningful subgroups within a population of 
data sets (Altman and Krzywinski 2017, Caruso et al. 2018). If conditions at downstream sites closely resemble 
upstream sites, we would expect time series from adjoining sites to exhibit only minor differences and to have 
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a relatively close association in the resulting tree structure (Figure 12). In fact, the pdc results of comparisons 
among Mad River water temperature time series identified incremental but informative differences among the 
monitoring sites and suggested that sites tended to become progressively less similar as the downstream distance 
from the highest elevation sites increased, with some exceptions (Figure 12). 
 
The pdc analysis generated two well-defined groups (note the ‘height’ of the legs separating these groups in 
Figure 12). The smaller group (MRDam, MRBoatRamp, MRUSCanon, and Mad River downstream of Powers 
Creek [MRDSP]) was composed of somewhat dissimilar time series, and the larger group contained well-
ordered series that ranged from the blue sites high in the river system to the green sites closer to the river 
mouth. The primary findings of the pdc analysis were that: (1) while not exact, the pattern was very close to 
that of the sequential order of the sites and strongly supported the hypothesis that, the closer a site may be to 
an upstream site, the more similar the diel and seasonal patterns of water temperature; and (2) the smaller group 
was striking because it included the time series for the highest (MRDam) and lowest (MRBoatRamp) elevation 
sites. The MRDam time series was substantially different from the others, with a steady, seasonal climb in 
temperatures that displayed two kinds of anomalies: periodic spikes in water temperature and an unusual 
increase near the end of the 2018 monitoring period (roughly September 14–26). Two of the higher mainstem 
sites (MRUSFSCamp and Mad River at Highway 36 Bridge [MRHWY36]) were the only additional sites 
monitored during the September 14–26 period, and exhibited subtler versions of the increase, but the pdc 
analysis strongly suggested that water temperatures immediately below Matthews Dam had essentially no 
predictive value for downstream sites. We suggest that the other three sites clustered with MRDam because 
they each had a distinctive pattern; the rest of the sites displayed similar patterns. MRBoatRamp was the 
mainstem site closest to the river mouth and was strongly estuarine. The temperatures at this site were affected 
by tidal action, the presence of ocean water, and coastal air temperatures. As noted in the methods discussion, 
MRUSCanon had a period of anomalous temperature data between July 7 and July 19 that was excluded from 
the analysis after consulting the MRA; that gap in the time series sets this site apart. MRDSP was unusual 
because the previously strong diel fluctuations in water temperature were abruptly and severely muted, 
beginning on July 30, 2018. 
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Figure 5. Permutation Distribution Clustering (PDC) of Mad River Mainstem Temperature Time 

Series (May 1–September 26, 2018) Showing their Relative Similarity 
Note: Colors range from blue to light green, with the bluest colors from the highest 
elevation sites 

1.2.2.2 Cross Correlation Functions 

To further explore the potential effects of upstream sites on lower portions of the river and determine the 
predictive power of these observations, we used CCF to relate pairs of temperature time series. We tested the 
Matthews Dam (MRDam) time series against three downstream sites (Figure 13). Because of the apparently 
unusual series presented by the Matthews Dam data, we also used the MRUSFSCamp time series as the 
standard, but no pairs evolve concurrently, probably due to non-stationarity of the time series, and the sum of 
all autocorrelation functions (acf) for each analysis approaches 0 (Figure 13). We anticipated that the lag would 
correlate with the site separation in RMs, but no such relationship was detected. 
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Figure 6. Autocorrelation and Lag in Upstream-Downstream Pairs of Time Series 

Note: River miles separating pairs of sites are shown in blue.  ACF= autocorrelation 
function, USFS Camp=MRUSFSCamp, Matthews Dam=MRDam, Hwy 36=MRHWY36, 
Swinging Bridge=MRSwingB, DS Boulder Crk=MRDSBoulder. 

1.2.2.3 Modeling 

We initially used lagged linear regression to model the relationship between mainstem water temperatures and 
multiple explanatory variables. This approach was selected based on published estimates of delayed events in 
comparable river systems; however, this approach was unsuccessful, leading to the use of CCF (discussed 
above). The CCF results suggested that hysteresis (e.g., lag) was probably not a strong factor, and led to the 
switch to a standard linear regression approach. Modeling efforts were focused on mainstem water temperatures 
in the middle and upper reaches of the Mad River, where water quality issues appeared to be most critical. We 
selected MRSwingB for the middle reach and MRHWY36 for the upper reach. The explanatory variables used 
in the initial models were middle and upper air temperatures (noon only); water temperatures from the MRDam 
site (3:00 p.m. only), the dam tailrace, and Ruth Lake; and the dam discharge rates supplied by the District. We 
chose a single temperature value from each day available to avoid the potential confounding effects of diel 
fluctuations and selected the time of day when these values were likely to be near their maximum. 
 



Mad River Stream Flow Enhancement— 
Temperature Report 48 H. T. Harvey & Associates 

May 2022 
 

The regression models with temperatures in the middle reach (MRSwingB) and upper reach (MRHWY36) as 
the dependent variables were not able to resolve the changing seasonal conditions (peaking summer air 
temperatures) and the steady increase in the dam discharge temperatures, despite the application of ARIMA 
errors. The progression of temperature profiles that were identified with the permutation distribution clustering 
(Figure 12) appeared to be a result of the reduction in the influence of dam discharge temperatures as the 
downstream distance increased, as well as the increased influence of ambient air temperature and other 
environmental factors. Mainstem water temperatures in the upper reach at MRUSFSCamp, which was 3.2 RMs 
below Matthews Dam, were strongly affected by the temperature of the discharged water and, to a lesser extent, 
by local air temperatures; these relationships were successfully modeled (Table 15). Even this close to Matthews 
Dam, however, retention of discharge volume in the models was never strongly supported, and therefore it is 
not possible to evaluate the effects of change in discharge on water temperature with the model given the 
available data. 
 
Table 2. Multiple Linear Regression with ARIMA Errors, Relating Mad River Mainstem Water 

Temperatures at the MRUSFSCamp Site in the Upper Reach to Temperatures at 
Matthews Dam and Air Temperatures Recorded at the Upper Reach 

Residuals 

Min 1Q Median 3Q Max 

-1.00693 -0.20120 -0.03405  0.19353  1.28234 

Coefficients 

 Estimate Std. Error t value Pr(>|t|)  

(Intercept) 6.172110  0.776089  7.953 4.88e-13 *** 

MRDam 0.443359  0.024024  18.455  < 2e-16 *** 

Tailrace 0.295129  0.030162  9.785  < 2e-16 *** 

UpAir 0.130033  0.006452  20.153  < 2e-16 *** 

Model Fit 

Residual standard error 0.399 on 144 degrees of 
freedom* 

   

Multiple R-squared 0.9693 Adjusted R-squared 0.9686  

F-statistic 1513 on 3 and 144 DF p-value < 2.2e-16  

Significance codes: 0 ‘***’; 0.001 ‘**’; 0.01 ‘*’; 0.05 ‘.’ 0.1 ‘ ’ 1 
*36 observations deleted due to missingness 
Model: USFS ~ MRDam + tailrace + UpAir 

 
Because of the importance of discharge levels to the management of this river system, we ran multiple models 
again using data from June 1 to October 31 only, when dam release was entirely controlled by the District (e.g., 
no spill was occurring) and showed the greatest variance. Because of the comparatively extended period during 
late summer and early fall when dam releases were low and fairly constant, we anticipated that the greater 
variability in discharge volume and a quasi-monotonic increase in mean air temperature during this period 
would permit detection of a discharge volume effect, but the results were essentially the same: ambient air 
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temperature and the temperature of the discharged water were far more important to the model outcome than 
discharge rates in determining mainstem water temperature (Figure 14). 
 

 
Figure 7. Time Series (June 1–October 31, 2018) of Matthews Dam Discharge Rates (Black) and 

Water Temperature at the Tailrace (Blue) (Daily Values) 
 
The warmest water temperature recorded during the 2018 monitoring was 76.4°F at MRUSCanon in the lower 

reach on June 27. The coolest water temperature recorded during the 2018 monitoring was 47.1°F at 
MRUSFSCamp in the upper reach on May 4. Effects on mainstem water temperatures attributable to discharge 
temperatures diminished with distance downstream from Matthews Dam (Figure 15); these are discernable at 
MRHWY36 (7.5 RMs below the dam), but are no longer detectable under the conditions observed at 
MRSwingB (RM 41.6). Thus, the upper reach is influenced by discharge water temperatures, but not the middle 
or lower reaches. Figure 15, which includes representative sites from the lower (Mad River downstream of 
North Fork [MRDSNF], Mad River downstream of Boulder Creek [MRDSBoulder]), middle (MRSwingB), and 
upper (MRHWY36, MRUSFSCamp) reaches, clearly illustrates these results. 
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Figure 8. Lower Reach of the Mad River (DS N Fork, DS Boulder) and the Middle Reach (Swinging 

Bridge RM 41.6) in 2018 had Similar Temperatures 
Note: Here, daily values only, distinctly warmer than those recorded from the Upper 
Reach (Hwy 36, USFS Camp, Matthews Dam). Matthews Dam=MRDam, USFS 
Camp=MRUSFSCamp, Hwy 36=MRHWY36, Swinging Bridge=MRSwingB, DS 
Boulder=MRDSBoulder, DS N Fork=MRDSNF.  

1.2.2.4 Temperature Indices 

Tributaries to the lower Mad River (e.g., Widow White, Warren, Lindsay, and Powers Creeks) had MWAT and 
MWMT values that were consistently lower than the mainstem Mad River and contributed cooler water to the 
mainstem, as evidenced by slightly lower MWAT and MWMT values upstream and downstream of Warren, 
Lindsay, and Powers Creeks (Table 15). MWAT and MWMT temperatures in the mainstem were coolest 
downstream of Matthews Dam, and warmest in the middle and upper reaches (Table 15). Additional years of 
water and air temperature recordings were obtained from MRA and the MWAT and MWMT indices were 
calculated, and are provided as an addendum to this report (Addendum A). 
 
Table 3. Water Temperature Indices (Maximum Weekly Average Temperature [MWAT], 

Maximum Weekly Maximum Temperature [MWMT] in Degrees Celsius) at Monitoring 
Sites on the Mad River 

RM ID Reach Category Name MWAT MWMT 

0.7 WWCK E TR Widow White Creek 13.6 14.1 

3.1 MRBoatRamp E MS Mad River Boat Ramp 21.2 23.1 
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RM ID Reach Category Name MWAT MWMT 

9.5 WarrenCK LR TR Warren Creek 14.2 14.6 

10.3 MRDSLindsay LR MS Mad River downstream 
of Lindsay Creek 

20.8 23.9 

10.3 LindsayCK LR TR Lindsay Creek 17.1 17.4 

10.4 MRUSLindsay LR MS Mad River upstream of 
Lindsay Creek 

21.2 24.5 

12.4 MRDSP LR MS Mad River downstream 
of Powers Creek 

20.4 23.8 

12.4 PowersCreek LR TR Powers Creek 14.2 15.9 

12.4 MRUSP LR MS Mad River upstream of 
Powers Creek 

21.7 25.3 

13.7 MRDSNF LR MS Mad River downstream 
of North Fork 

22.1 25.5 

13.7 NF LR TR North Fork Mad River 17.4 19.3 

13.9 MRUSNF LR MS Mad River upstream of 
North Fork 

22.8 26.3 

19.6 MRDSCanon LR MS Mad River downstream 
of Cañon Creek 

22.9 25.6 

19.6 Canon LR TR Cañon Creek 15.2 16.5 

19.6 MRUSCanon LR MS Mad River upstream of 
Cañon Creek 

21.6 24.0 

31.2 MRDSMC* LR MS Mad River downstream 
of Maple Creek 

NA NA 

31.3 MapleCreek LR TR Maple Creek 16.4 18.2 

31.3 MRUSMC* LR MS Mad River upstream of 
Maple Creek 

NA NA 

32.6 MRDSBoulder MR MS Mad River downstream 
of Boulder Creek 

22.8 24.9 

32.6 BoulderCreek MR TR Boulder Creek 18.4 20.5 

32.6 MRUSBC* MR MS Mad River upstream of 
Boulder Creek 

NA NA 

41.6 MRSwingB MR MS Mad River at Swinging 
Bridge 

23.3 24.9 

72.7 MRHWY36 UR MS Mad River at Highway 36 
Bridge 

17.1 18.9 

77.0 MRUSFSCamp UR MS Mad River at USFS 
Campground 

14.7 16.5 

80.2 MRDam UR MS Mad River at Matthews 
Dam 

16.3 16.5 

RM is river mile, ID is the site code, and Reach identifies each site as estuarine (E), lower reach (LR), 
middle reach (MR), or upper reach (UR). Name provides the site name with some location information. 
NA= not applicable. Note: Conversion from degrees Celsius to Fahrenheit is F = (Cx9/5) +32 

* HOBO temperature logger lost or stolen from this site; no data recovered. 
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1.2.2.5 Turbidity and Other Factors 

The Mad River was added to the California Clean Water Act Section 3030(d) impaired water list in 1992, 
partially due to elevated turbidity levels (Stillwater Sciences 2010). Turbidity, a measure of water opacity due to 
suspended solids, is an important factor in water quality assessments, and has demonstrable effects on salmonid 
ecology (Fellman et al. 2015, McElroy et al. 2018). The Mad River Watershed Assessment (MRWA) report 
(Stillwater Sciences 2010) noted that “mainstem sites showed a downstream increase in turbidity...with the 
highest values measured at Mad River near Arcata.” The MRWA also reported that tributaries in the middle 
and lower reaches of the Mad River are the principal contributors to elevated mainstem turbidity levels and that 
the “Ruth Lake Reservoir reduces peak turbidity downstream of the dam but prolongs the event by slowly 
releasing turbid water” (Stillwater Sciences 2010). Data available for our report was limited to 2018 District 
measurements of Mad River turbidity at the dam tailrace. Turbidity at the tailrace ranged from a maximum of 
13.84 nephelometric turbidity units (NTU) (May 1) to a minimum of 1.35 NTU (October 21) during the 2018 
monitoring period (Figure 16). Turbidity increased in the fall in response to the first fall rain event (Figure 17). 
 
The multiple linear regression analysis suggested that temperature at the dam tailrace is negatively correlated 
with turbidity at the same location (not a causative relationship); discharge fit the model reasonably well 
(adjusted R2=0.54) but the relationship is weak (Table 16, Figure 17). 
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Figure 9. Turbidity Measurements at Matthews Dam (Daily Values) 
 
Table 4. Linear Regression Model Output Relating Turbidity to Water Temperature and 

Discharge at the Matthews Dam Tailrace 

Residuals 

Min 1Q Median 3Q Max 

-2.4654 -1.0940 -0.6566  0.4176  5.8590 

Coefficients: 

 Estimate Std. Error t value Pr(>|t|)  

(Intercept) 21.911302 3.103333 7.061 3.43e-11 *** 

temperature -0.333805  0.051566  -6.473 8.73e-10 *** 

discharge 0.028703  0.005098  5.630 6.77e-08 *** 

Model Fit 

Residual standard error 1.662 on 181 degrees of 
freedom 

   

Multiple R-squared 0.5495 Adjusted R-squared 0.5445  

F-statistic 110.4 on 2 and 181 DF p-value < 2.2e-16  

Significance codes: 0 ‘***’; 0.001 ‘**’; 0.01 ‘*’; 0.05 ‘.’ 0.1 ‘ ’ 1 
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Model: turbidity ~ temperature + discharge 
 

Figure 10. Temperature, Turbidity, Rainfall and Discharge Volume at Matthews Dam (Daily 
Values) 
 
 

 Discussion 

Summer temperatures in the mainstem Mad River, especially downstream of the upper reach, continued to 
remain at levels considered “stressful” for salmonids, based on temperature thresholds developed for specific 
life stages (Stillwater Sciences 2010, Carter 2008). Summer high temperatures can limit distribution and growth 
of rearing juvenile coho salmon and steelhead (Carter 2008). MWMT values considered limiting for rearing 
juvenile coho salmon are generally 18.1 or greater, and MWAT values above 16.8 may preclude juvenile coho 
salmon from rearing in streams (Carter 2008). Many of the tributaries to the lower Mad River had MWAT and 
MWMT levels below those considered stressful or limiting, and their cooler water contributions to the 
mainstem Mad River may provide relief (e.g., locally decreased temperatures) for juveniles rearing in the 
mainstem. MWAT values for rearing juvenile steelhead are considered to be stressful above 19 (i.e., higher than 
for coho salmon), as are MWMT values above 24 (Carter 2008). The mainstem temperatures were warmer than 
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these thresholds for steelhead in the middle and lower reaches but suitable in the upper reach, likely due to the 
cooling contribution of discharge from Matthews Dam even though summer air temperatures were highest in 
the upper watershed.  
 
For the 2018 monitoring period, it appeared that temperature effects attributable to dam discharges did not 
extend far downstream, but did exert an influence at least 7.5 RMs downstream to MRHWY36 (Figure 8). The 
greatest change in the temperature profiles was observed in the river segment between temperature loggers at 
RMs 41.6 and 72.7: in this river segment, the channel gradient is the steepest (Figure 1) and a series of boulder 
falls occurs on the mainstem between Bug Creek and Deer Creek (RMs 50–53) that blocks upstream access for 
anadromous salmon and in many years, for most steelhead (Stillwater Sciences 2010). However, groundwater 
and hyporheic influences in the mainstem Mad River may affect local water temperatures (Pounds pers. comm. 
2019), which may be important for summer steelhead that hold over the summer. Future efforts to monitor 
water temperatures should include sites in this difficult-to-access area3 between RMs 41.6 and 72.7: this portion 
of the Mad River includes particularly important habitat where summer steelhead hold (RMs 41.6–48.8) 
(Pounds pers. comm. 2019, Naman et al. 2014).  
 
Foothill yellow-legged frog oviposition typically begins in the beginning of May and continues to mid-June 

when stream temperatures are at least 50°F. In 2018, mainstem water temperatures were generally above 50°F 
after May 1: colder temperatures were only recorded once at the MRUSFSCamp in early May, and none were 
detected downstream of that site. Upstream of the MRUSFSCamp site, temperatures never fell below 50°F 
after mid-June. Therefore, discharge temperatures have the potential to shift suitable early-season reproductive 
conditions for the foothill yellow-legged frog to later in spring, based on the 2018 monitoring data and our 
modeling results, in the 3–4 RMs below Matthews Dam. 

                                                   
3 Access is difficult due to the terrain and private land holdings. 
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Addendum A. Summary Analysis of Mad River Alliance 
Temperature Data 

A collaborative temperature monitoring project led by the Mad River Alliance (MRA) was initiated in 2014 to 
sample water temperatures throughout the Mad River Watershed and its tributaries, with most recent data 
available from 2021. Water temperature was collected with HOBO thermographs deployed annually between 
the Matthews Dam and Mad River Estuary. Annual sampling typically focused on the summer season low flow 
period when air and water temperatures reach their maximum. Deployments generally occurred in May, June, 
or July and retrievals in September or October before the first fall rains increase flow. The exact locations of 
deployment varied based on access and resource availability, and not all HOBOs deployed were successfully 
retrieved, but there were multiple sites that were routinely monitored. Collaborators include Green Diamond 
Resources, Blue Lake Rancheria, Six Rivers National Forest, Humboldt Bay Municipal Water District 
(HBMWD), North Coast Regional Water Quality Board (NCRWQCB), and in 2018, H. T. Harvey & 
Associates. 
 
We analyzed time-series water temperature data collected annually between 2014 and 2021 from seven, 
consistently sampled stations at certain river locations. Temperature data from 2016 was excluded from analyses 
because the sensor data were deemed unreliable. The HOBO thermographs recorded ambient temperatures 
every 30-minutes during the period of deployment, and their time-series data were used to calculate the 
Maximum Weekly Average Temperature (MWAT) and Maximum Weekly Maximum Temperature (MWMT) 
from each year of deployment (Table 1, Figure 1). The MWAT represents the average daily rolling mean for 
the warmest 7-day period, and the MWMT represents the rolling maximum daily temperature over a 7-day 
period. These indices, outlined in Table 1 and graphically depicted in Figure 1, are often used to evaluate the 
potential for high summer temperatures to affect special status aquatic species (Stillwater Sciences 20104, Carter 
20085). HOBO thermographs also collected time-series air temperature data at three sites throughout the Mad 
River (upstream, middle stream, and downstream). The maximum air temperature detected and its associated 
date, and monthly averages were determined (Table 2 and 3).  
 
While no statistical analyses were used to assess how temperatures change throughout the season of deployment 
or based on geographic location, there are clear trends in the data that may have implications for the survival 
and distribution of anadromous, special status species. Air temperature is consistently higher inland (at 
upstream sites) compared to the coastline (Figure 2), and generally cools off starting in September. These air 
temperatures influence the MWAT and MWMT metrics (Table 1; Figure 1). For example, peak water 
temperatures track periods with warmer air, which tend to occur in July and August, and the lowest water 

                                                   
4 Stillwater Sciences. 2010. Mad River Watershed Assessment. In Association with Redwood Community Action Agency, 
and Natural Resources Management Corp, Eureka, California. 
5 Carter, K. 2008. Effects of Temperature, Dissolved Oxygen/Total Dissolved Gas, Ammonia and pH on Salmonids: 
Implications for California’s North Coast TMDLs. California Regional Water Quality Control Board, North Coast 
Region. January.  
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temperatures occur at more coastal (downstream) sites, where air temperature is lower compared to more inland 
(upstream) sites. Temperatures at the Matthews Dam discharge are typically colder than downstream inland 
locations (Figure 1).   
 
The indices derived from water and air temperature time-series data provide an overview of summer 
temperature conditions in the Mad River for different years, and can be reviewed in conjunction with the annual 
Mad River Temperature Monitoring Summary Reports, which provide the annual time series data at other 
locations in the basin as well, and the Water Quality Report, which contains an in depth depiction of the 2018 
time series data and various analyses of water temperature from 22 sites within the mainstem of the Mad River 
and its tributaries.   
 
Table 1. Water Temperature Indices (Maximum Weekly Average Temperature [MWAT], 

Maximum Weekly Maximum Temperature [MWMT] in °C at Sites Consistently Sampled. 
Year Matthews 

Dam (RM 80.2) 
USFS Camp       
(RM 77.0) 

Highway 36 
Bridge (RM 72.7) 

Swinging Bridge 
(RM 41.6) 

Down Stream 
Powers Creek  

(RM 12.4) 

Boat Ramp         
(RM 3.1) 

 MWA
T 

MWM
T 

MWA
T 

MWM
T 

MWA
T 

MWM
T 

MWA
T 

MWM
T 

MWA
T 

MWM
T 

MWAT MWM
T 

2014 14.4 16.2 NA NA 22.4 25.2 22.9 24.6 NA NA 19 20.5 

2015 NA NA 19.3 28.3 19.2 28.1 23.6 25.4 NA NA 21.0 21.9 

2017 NA NA NA NA NA NA NA NA NA NA NA NA 

2018 16.3 16.5 14.7 16.5 17.1 18.9 23.3 24.9 20.4 23.8 21.2 23.1 

2019 15.7 15.9 16.3 18.2 18.2 19.7 22.1 23.3 23.3 25.6 22.5 23.7 

2020 15.1 15.2 NA NA 19.7 21.4 23.0 24.5 21.4 24.9 NA NA 

2021 20.7 22.6 NA NA 19.7 22.4 23.5 25.4 NA NA 20.8 22.6 

The 6-selected were consistently sampled throughout the project duration, from upstream (Matthews Dam) 
to downstream (Boat Ramp). RM indicates the river mile mark. NA=not applicable. No data from 2016 or 
2017 were analyzed.  
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Figure 1. Maximum Weekly Average Temperature (MWAT) and Maximum Weekly Maximum 

Temperature (MWAT) in °C.   
Stations (x-axis) are labeled from upstream to downstream. MWATs are the black dots and MWMTs are the 
blue triangles. No data from 2016 or 2017 were analyzed. The location of these stations can be referenced 
in Figure 8 of the Water Quality Report.  
 



Mad River Stream Flow Enhancement— 
Temperature Report 38 H. T. Harvey & Associates 

May 2022 
 

Table 2. Annual Maximum Air Temperature Indices in °C.  

Year Upper Middle Lower 

2015 37.9 (10/14) 32.9 (7/29) 31.9 (6/9) 

2018 39.6 (7/26) 32.5 (10/14) 25.2 (10/16) 

2019 39.8 (8/27) 31.0 (8/27) 21.4 (8/21) 

2020 42.8 (9/1 ; 9/7) 33.3 (9/7) 22.2 (8/15) 

2021 40.5 (8/15) NA 33.8 (7/7) 

Air temperatures were measured in °C at the upper, middle, and lower reaches along the Mad River. 
Values in () next to temperatures are the date (M/DD) that the maximum temperature was detected. 
NA=no temperature sensors deployed. No data from 2016 or 2017 were analyzed.  

 

Table 3. Monthly Average Air Temperatures in °C.  

Month 2015 2018 2019 2020 2021 

 Up Mid Low Up Mid Low Up Mid Low Up Mid Low Up Mid Low 

June 18.0 18.1 13.4 18.0 14.7 13.8 NA NA NA 14.9 14.3 14.4 NA NA NA 

July 19.0 19.2 14.8 23.7 17.9 14.2 21.3 18.0 15.7 16.3 14.4 13.8 23.7 NA 18.7 

Aug. 18.0 18.3 14.9 NA 16.7 14.5 21.6 18.4 15.9 17.9 16.0 15.2 21.9 NA 16.2 

Sept. 15.5 15.8 13.0 NA 14.7 12.5 16.6 15.6 14.5 15.7 15.5 14.8 18.6 NA 14.7 

Oct. 16.9 16.9 16.6 NA 15.6 14.9 9.9 10.0 8.2 11.6 14.7 13.4 15.2 NA 15.5 

Air temperatures in °C were measured at the upper (Up), middle (Mid), and Lower (Low) reaches along the 
Mad River. NA=no temperature sensors deployed. No data from 2016 or 2017 were analyzed. 
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Figure 1. Monthly Average Air Temperatures in °C.   
Monthly average air temperatures (AT) in °C measured at the upper (UpAT_Mean_°C; grey square), middle 
(MidAT_Mean_°C; blue triangle), and Lower (LowAT_Mean_°C; black dot) reaches along the Mad River. 
The location of these stations can be referenced in Figure 8 of the Water Quality Report.  
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