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Executive Summary 

 

The San Juan River experienced a depressed hydrograph during the 2020 spring runoff, this resulted in 

very different antecedent conditions compared to 2019 which could be characterized as a high flow year. 

The peak runoff of the river occurred on June 8
th
 with a daily average of 3,383 cfs, and the total runoff 

volume was calculated at approximately 579,484 acre feet. These conditions resulted in a slight loss of 

canyon bound and non-canyon reach total wetted area when compared to 2019 (~3%). Flow at mapping 

and total wetted area are near identical to the conditions experienced in 2017 indicating that though there 

was a high flow event in 2019 little geomorphological change occurred in channel. 

Islands (defined as any in-stream non-wetted structure with at least 50% vegetation coverage), were 

delineated for area and count per river mile as a surrogate for river complexity. Overall in 2020 the river 

experienced a loss of island complex count and associated side channels (n=163) compared to November 

2019 (N=175), though when compared to 2017 (n=154) the island count increased slightly in reaches 3 & 

4. 

Total low velocity habitat area saw a decrease in area when compared to 2019 (-16%) though when 

compared to 2017 we saw an increase of 5%. This area value continues an upward trend of recorded low 

velocity habitat since 2015. The 2020 baseflow sampling event saw the second highest LVH recorded 

since the 1990s with 110,543 m². These habitats were widespread throughout the river though the 
majority of which were located in the non-canyon reaches, or the lower 18 miles of the river where large 
ephemeral sand shoals form. 
The low velocity habitat type analysis saw an interesting change in 2020 compared to previous years. 
Typically the vast majority of recorded area is in the form of abandoned secondary channels which are 
rare in count. In 2020 secondary channel backwaters consisted of approximately 28% of the total area 
while continuing to make up approximately 6% of the count. This near 25% drop in LVH area was 
compensated for by a approximate 25% increase of bank type backwaters in both count and size, we 
believe that these formation mechanisms experienced in 2020 are due to the high flow event 
experienced in 2019 followed by a minimal monsoonal season and a depressed runoff for 2020 resulting 
in very little sediment mobilization in 2020. 
A statistical relationship between antecedent conditions and low velocity habitat was found using a 
linear multiple regression model where all antecedent conditions from 1993-2020 were compared to 
their corresponding yearly low velocity habitat values. When time was introduced in the form of 
cumulative days between sampling events and used as interactions with the antecedent conditions  it 
was found that the model could produce a r²=.99 when observing within the data set, and a r²=.70 when 
looking out of the data set in a predictive fashion. 
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Introduction 

Colorado Pikeminnow (Ptychocheilus lucius) and Razorback Sucker (Xyrauchen texanus) are two native 

fish species of the San Juan River listed as endangered in 1967 and 1991 respectively. A major 

component of the Endangered Species Act is the designation and protection of critical habitat including 

locations within the geographical area occupied by the species that contain physical or biological features 

essential to the conservation of the species. These physical or biological qualities are considered primary 

constituent elements (USFWS, 1998). The United States Fish and Wildlife Service determined critical 

habitat for Colorado Pikeminnow in the San Juan River to be from Farmington, New Mexico to Neskahi 

Canyon, Utah. Critical Habitat for Razorback Sucker is located from Hogback Diversion, New Mexico to 

Neskahi Canyon, Utah (USFWS, 1998). Research in the upper Colorado River, Green River, and Yampa 

River have shown that low velocity type habitats and backwaters were critical to the development of both 

young-of-year and juvenile Colorado Pikeminnow and Razorback Sucker (Holden 1977; Joseph et al. 

1997; Tyus and Karp 1989; Tyus and Karp 1990). Recent sampling conducted as part of the San Juan 

Recovery Implementation Program (SJRIP), indicates both species have reproduced in the San Juan River 

with early life states found in low velocity habitats such as backwaters and embayments (Joseph et al 

1997). SJRIP is driven by several program guidance documents. The 2012 Monitoring Protocols (SJRIP 

2012) state that the overarching goal for habitat monitoring is to: 

 

“Quantitatively document effects of naturally occurring conditions, management actions, and other 

anthropogenic activities on aquatic habitat availability in the San Juan River. Use this information to 

recommend appropriate modifications to recovery strategies for Colorado Pikeminnow and Razorback 

Sucker in the San Juan River.” 

 

In addition, there are statements in the long range plan for specific tasks and objectives. The monitoring 

objectives relative to habitat are as follows: 

 

1. Annually, following spring runoff, document abundance and distribution of key habitats and 

geomorphic features (backwaters, embayments, islands, and total wetted area) that indicate the 

response of the river channel and habitat to antecedent runoff conditions and specific 

management actions. 

2. Track long-term trends of habitat availability. 

3. Develop relationships between habitat availability and antecedent flow conditions, using key 

habitats for this analysis. 

 

One of three hypotheses will be addressed for the 2020 data depending on the hydrologic conditions prior 

to mapping in order to examine the relationship between hydrology and habitat conditions throughout the 

river. 

 

 H₀₁: If the spring runoff is greater than the average runoff, total wetted area, island count and  

Backwater type area will be equal to or greater than the areas from the 2019 habitat                          

characteristics (density and area). 
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H₀₂: If the spring runoff is equal to the average runoff, total wetted area, island count and 

backwater type area will remain the same compared to the 2019 habitat characteristics (density 

and area). 

H₀₃: If the spring runoff is less than average runoff total wetted area, island count, and 

backwater type area will be less than the 2019 habitat characteristics (density and area). 

Methods 
Aerial imagery of the San Juan River was obtained using a Cessna 210 fixed wing aircraft (tail number 

N6479Y) equipped with a Vexcel Ultracam Falcon Prime high-resolution camera. Images were captured 

while maintaining a minimum altitude of 3,800 feet, in order to achieve a wide angle 10 centimeter digital 

4-band resolution. The contractor, Keystone (aerial imagery collection specialists) captured the imagery 

of the San Juan River on September 3
rd

 2020 in coordination with ERI  in order to capture the river at 531 

cfs. All flows for this study (Figure 1) were measured at the Four Corners gage (USGS Station No. 

09371010). Digital images were imported and post processed in the laboratory using ESRI Arcmap 10.0 

and subsequently overlaid on 2011 geo-referenced National Agriculture Imagery Program (NAIP) county 

mosaics for the full extent of the river floodplain boundaries in order to ensure geographic accuracy. 

Images were geo-referenced and rectified by Keystone resulting in an end product of high- resolution (10 

cm) mosaic images of the San Juan River from the confluence with the Animas River near Farmington, 

New Mexico (River Mile 180) to the Clay Hills at River Mile 2. This process of preparing the mapping 

photos was similar to the methods employed by Block (2014) on the Colorado River. 

 

Figure 1: Daliy Average (CFS) Hydrograph 2020 

The total wetted area (TWA) in the river was determined by using the vector creation and editing tool 

within Arcmap on the rectified, high-resolution images from the 2020 data sets. A vector image of the 

water’s edge was created for each river mile in the San Juan using the create polygon function. These 

vector polygons were then transformed into individual mile-specific polygons from which total wetted 

area could be quantified (m² area), exported, enumerated, and analyzed.  
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Islands (defined as any in-stream non-wetted structure with at least 50% vegetation coverage), were 

delineated as well as any non-wetted in-stream structures such as sand bars, cobble bars, and debris piles 

using the same digital tools as above. These non-wetted polygons were subsequently quantified and 

subtracted from the total wetted area to estimate the actual wetted area for each river mile in the system. 

Islands were delineated per river mile as well as by reach, and uniquely identified as part of an on-going 

comprehensive data set.   

 

Low velocity habitat types (backwaters and embayments) were also delineated using the above mentioned 

vector tools. This process created uniquely quantified polygons of each individual low velocity habitat 

type. All low velocity habitat area (LVH) was a subset of the total wetted area (TWA). Similar to the 

LVH quantification in 2018 and 2019, an additional effort was made to differentiate subsets of 

backwaters dependent upon locations within the river and habitat formation processes. The following 

definitions were used to characterize the subset of backwater types:  

 

1. Secondary Channel associated: Formation occurs on the downstream end of previously flowing 

secondary channel. 

2. Bank/Point Backwater: Formed on the direct bank of the river and/or point bars. 

3. Island Backwater: Formed on Islands. 

4. Cobble/sand bar associated: Formation occurs on cobble & sand bars. 

5. Lateral Washes: Formation occurs in previously flowing washes in the lower canyon. 

 

Various hydrologic characteristics were calculated from the hydrograph as gaged at the Four Corners 

USGS station No. 09371010 (Table 1). These data were considered to be antecedent conditions prior to 

the September flight. The calculated antecedent conditions were for the 2020 mapping events are 

compared to the previous nine years (Table 1) of hydrologic conditions (2011-2019). 

 

To better understand the relationship between low velocity habitat and antecedent conditions ERI 

consulted a statistics expert, Tyson S. Barrett, PhD from Utah State University to assist ERI in building a 

robust statistical model in the attempt to use the antecedent conditions (1993-2020) listed in Table 1 to 

predict future or missing low velocity habitat values. Initially, a correlation analysis between LVH and 

individual antecedent conditions was determined for their individual predictive power. Once the most 

powerful predictors were chosen and a variance inflation factor analysis was completed to determine 

correlations, a linear regression model was built using time as interactions to determine predictive power. 

All analysis was performed in R (version 4.0.4).  

Considering the information presented in Figure 1 and Table 1, where the 2020 runoff was observed to be 

less than average, all data will be analyzed for the null hypothesis, H₀₃. 
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Table 1: Hydrograph Characteristics (Antecedent Conditions) At 4-Corners Gage. 

Antecedent Condition 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Peak Runoff (cfs) 8,980 5,680 2,140 4,890 8,490 8,480 8,310 1,276 10,870 3,383

Runoff (March-July) acre feet 545,803 388,502 223,358 189,779 585,358 816,094 529,298 207,930 883,870 318,419

Total Runoff (annual) acre feet 871,147 675,917 632,705 721,912 939,320 1,179,646 1,391,548 433,376 1,255,463 579,484

Peak Date 13-Jun 25-May 20-May 3-Jun 12-Jun 12-Jun 7-Jun 12-May 14-Jun 8-Jun

Days > 10,000 cfs 0 0 0 0 0 0 0 0 5 0

Days > 8,000 cfs 7 0 0 0 1 7 5 0 9 0

Days > 5,000 cfs 12 6 0 0 14 36 50 0 25 0

Days > 2,500 cfs 27 10 0 23 38 58 81 0 62 3

Days BT 500 & 1,000 255 278 253 251 232 220 119 311 162 273

Days BT 750 & 1,000 157 79 45 79 77 110 73 42 74 51

Days BT 1,000 & 1,500 37 52 33 46 55 75 42 8 70 16

Days BT 1,500 & 2,000 22 18 17 10 14 5 24 0 35 28

Days BT 2,000 & 2,500 11 2 2 10 16 7 18 0 21 6

Days BT 5,000 & 8,000 5 6 0 0 13 29 45 0 16 0

Days < 500 12 5 46 25 9 1 2 30 17 39

Days < 750 110 204 254 197 155 111 128 299 106 261

Days < 1,000 267 283 299 276 241 221 201 341 179 312

Days < 1,500 304 335 332 322 296 296 243 365 249 327

Days < 2,000 326 353 349 332 310 301 267 365 284 355

Days < 2,500 336 355 365 342 327 308 285 365 305 363

Maximum Daily Flow (cfs) 8,980 5,680 8,440 4,890 8,490 8,840 8,310 1,276 10,870 3,383

Minimum Daily Flow (cfs) 399 461 259 354 405 484 489 459 460 325

Ascending RO (March 1 - May 31) acre feet 172,226 281,708 145,112 187,047 187,744 316,697 283,385 119,868 297,976 188,516

Decending RO (June-1 - July 31) acre feet 373,577 106,793 78,246 118,716 391,761 499,397 245,913 88,062 585,894 129,903

Hydrograph Characteristics at 4-Corners Gage
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Results 

Antecedent conditions 

The San Juan River experienced a depressed hydrograph during the 2020 spring runoff, this resulted in 

very different antecedent conditions compared to 2019 which could be characterized as a high flow year. 

The peak runoff of the river occurred on June 8
th
 with a daily average of 3,383 cfs, and the total runoff 

volume was calculated at approximately 579,484 acre feet. These antecedent conditions closely mirror the 

conditions experienced in the 2013 water year (Table 1). Most noteworthy is that the river only 

experienced three days where flow exceeded 2,500 cfs which falls short of flows needed to move 

sediment from secondary Channels (Bliesner and Lamarra 1999). This combination of a very large water 

year in 2019 and a depressed hydrograph in 2020 with little sediment movement resulted in interesting 

formation mechanisms for low velocity habitat.  

Wetted Area 

Total wetted area (TWA) of the river channel represents the summation 

of all the wetted habitats and wetted channels of the river. TWA for the 

2020 data in summarized in table 2 and accounts for 15,259,526 m² when 

mapped at a flow of 531 cfs. These results are very similar to the wetted 

area of the river in 2017 when the river was mapped at 530 cfs indicating 

that little geomorphological change has happened in the intervening 

years, even with the large water year of 2019. These data can be 

visualized in Figure 2 where it can also be observed that wetted area is 

less than the average historic wetted area of 17,305,499 m² for the second 

baseflow period in a row.  

 

Figure 2: Historic Wetted Area. Dashed Line denotes Historic Average. 

 

Date FLOW TWA

Oct-93 954 18,125,921

JUN 94 6147 25,418,669

AUG 94 659 17,039,987

NOV 94 1173 17,493,767

APR 95 3194 22,074,917

SEPT 95 1086 19,476,171

JAN 96 592 15,991,669

JUNE 96 3301 21,732,710

OCT 96 1076 17,753,844

NOV 97 1098 18,212,114

NOV 98 1072 17,561,324

NOV 99 841 17,237,665

OCT 00 914 17,291,652

SEPT 01 773 16,845,529

JULY 02 479 15,146,984

OCT 03 621 15,324,227

NOV 04 808 15,999,019

NOV 05 1032 16,159,195

NOV 06 1150 17,109,338

NOV 07 972 16,987,720

SEPT 11 930 16,803,827

Sept 12 726 16,301,866

Sept 13 1500 17,615,397

Sept 14 900 16,249,866

Nov 15 750 16,010,565

Aug16 729 16,271,498

Sept 17 530 15,265,137

Sep-18 526 14,588,696

Sep-19 1431 17,462,517

Nov-19 684 15,659,136

Sep-20 531 15,259,526

Table 2: Historic Flow at Mapping 

and Total Wetted Area. 
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Islands 
Quantifying island complexes in the San Juan is important to the monitoring program due to island 

complexes representing a surrogate for habitat complexity in the river (Bliesner & Lamarra 1999). In 

2020 at the time of mapping many of the side channels that were observed to be previously flowing in 

November 2019 (n=175) were dry in 2020, resulting in a decreased number of island complexes in the 

river for 2020 (n=163) (Table 3). These losses were located in every non-canyon reach of the river except 

reach 5 which there was a gain of 4 island complexes (Figure 3).  When compared to 2017, which again 

was mapped at near identical conditions, we see an overall increase of island structures from 154 to 163 

(Figure 4) and gains in reaches 3 and 5 (Figure 3). Though when compared to the historic average from 

2011 to the present (n=213) the island complexes in the San Juan River have remained below that value, 7 

out of the last 8 sampling periods ranging from 144 in 2015 to 175 in November 2019 (Figure 4). 

Table 3: Island Count by Reach 2011-2020. 

 

 

Figure 3: Island Reach Count comparison 2017, November 2019 and 2020. 

Reach 2011 2012 2013 2014 2015 2016 2017 2018 Sep-19 Nov-19 2020

Reach 1 0 0 0 0 0 0 0 0 0 0 0

Reach 2 0 0 1 0 0 0 0 0 0 0 0

Reach 3 98 68 99 39 27 58 36 39 99 58 44

Reach 4 55 35 53 29 32 38 30 29 55 30 29

Reach 5 89 75 158 46 62 66 44 34 93 47 51

Reach 6 58 47 86 34 23 38 44 34 50 40 39

Totals 300 225 397 148 144 200 154 136 297 175 163
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Figure 4: Historic Island Count 2011-2020. Dashed Line Denotes Historic Average (n=213) 

 

Low Velocity Habitat 

Backwaters and embayments are considered important low velocity habitats for the early life stages of 

both endangered species in the San Juan River. Functionally, low velocity habitats are produced by 

different mechanisms in the canyon bound reaches compared to that of the formation mechanisms in the 

non-canyon reaches. In the canyon, low velocity type habitats are associated with the mouths of dry 

lateral washes and debris fans. In addition, Reach 1 (River miles 2-16) has large amounts of ephemeral 

sand bars and associated backwaters. The backwaters can be on the bar itself or in a scour channel on the 

bank side of the bar. As stated above, in the non-canyon portion of the San Juan (Reaches 3-6), backwater 

type habitats are associated with temporally non-flowing secondary channels, cobble & sand bars, point 

bars, the direct bank of the river and on island complexes. 

During the 2020 baseflow mapping, low velocity habitats were common and wide spread throughout the 

river aside from the upper canyon where cobble bars are very rare and the banks are highly armored with 

boulders (Figure 5). 
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Figure 5: Total Low Velocity Habitat by River Mile. 
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Total Low velocity habitat was calculated to be 110,543 m² for the entire San Juan River for 2020; this value represents the second highest LVH 

area recorded since the 1990s though a 16% drop in area from November 2019 (130,951 m²) and a 5% increase from 2017 (105,064 m²).  This 

continues an upward trend of increasing LVH area since 2015 (Figure 6), where we have seen 4 of the last 6 baseflow mapping events the highest 

calculated areas since 1996. Longitudinally, very large backwaters and embayments were located at river miles 180, 177, 169, 141, and 76. These 

large habitats were typically associated with abandoned side channels, but also large point bar backwaters, bank backwaters and embayments 

were observed in 2020 which differed from previous years. 

 

Figure 7: Historic Low Velocity Habitat
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Low Velocity Habitat Type Analysis 

Backwaters and embayments in the San Juan River can be divided into multiple categories depending on 

their location and method of formation. These low velocity habitats may provide persistent refugia and 

nursery habitat for the larval and young-of-year endangered fishes in the San Juan River. In some cases, 

the low velocity habitats may be too small and ephemeral for effective use. Based upon their planform 

and spatial location, the low velocity habitats were placed into five categories (Figures 7-8) These LVH 

types are: (1) Secondary Channel backwaters/embayments, (2) Lateral Wash, (3) Island 

backwaters/embayments, (4) Bank/point bar backwaters/embayments, and (5) Cobble/sandbar 

backwaters/embayments. 

In 2020 non-wetted area backwaters made up 13% of area that is found in the river (9,550 m²) and 36% 

(345) of the count. Lateral wash type habitats comprised 1.3% of the total area (971 m²) and less than one 

percent of the total count (3). Island associated backwaters consisted of 8% of the LVH area (6020 m²) 

with 12% (114) of the total count. Bank backwaters saw a dramatic increase in type area compared to 

previous years with 51% (38,167 m²) and 48% (466) of the count. Lastly, secondary channel backwaters 

continue the trend of having high area 20,199 m² representing 27% of total area and low count rates, 34 

individuals for 4% of total count (Figure 7). 

Similar results can be found for type classed embayments. Non wetted area embayments made up 9% 

(1,996 m²) of total area while 21% (87) of total count. There were no recorded embayments associated 

with lateral washes in the lower canyon during sampling in 2020. Island embayment types comprised 

14% (3,216 m²) of area while 12% (48) of the count. Bank embayments, like the backwaters represented 

48% (11,266 m²) with 60% (242) of the count. Secondary channel embyaments were also similar to their 

backwater counterpart representing 29% of total area (6,719 m²) with only 7% (27) of the count (Figure 

8).
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Figure 6: Backwater Type Area and Count Distribution and Comparison. 

 

Figure 7: Embayment Type Area and Count Distribution and Comparison. 
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Variable Correlation

runoff march-july 0.654

Descending June 1-July 31 0.649

Days >5000 0.6481

Total Runoff 0.6469

5000-8000 0.5854

days>2500 0.5711

days>8000 0.5682

Minimum Flow 0.5248

Ascending March1-may 31 0.493

1000-1500 0.4247

days >10000 0.4201

peak runoff 0.3089

1500-2000 0.2739

2000-2500 0.07502

flow at mapping 0.04546

750-1000 0.02191

year 0.009664

days<2000 -0.2054

days<1500 -0.2152

500-1000 -0.2529

days<750 -0.3315

days<1000 -0.3368

days<500 -0.4228

Basic Relationships with LVH

Antecedent Conditions Low Velocity Habitat Relationship 

Finding the relationships between low velocity habitat and antecedent 

conditions is important to this research for multiple reasons. First of 

which would be the ability to anticipate the antecedent conditions for 

a current year, and have the ability to predict what the response of low 

velocity habitats will be to the corresponding hydrograph. Secondly, 

this model would be able to look at the gaps in the current data set 

(2008 to 2011) where there were years where monitoring did not take 

place and fill in those gaps creating a more complete master data set 

for future data integration. And finally this model would give 

researchers the ability to build optimal hypothetical situations where 

there is an excess of storage in Navajo Reservoir. Using R version 

4.0.4 all antecedent conditions, outlined in Table 1 were compared to 

the corresponding yearly low velocity habitat value. A correlations 

analysis was used generating a list of R² values (Table 4). From this 

analysis antecedent condition predictors would be chosen to be used 

in the subsequent multiple regression linear model in an attempt to 

derive their predictive nature in regards to LVH. In addition to these 

factors, time (in the form of cumulative days between sampling events 

starting in 1992) was introduced to this model in the form of 

interactions which greatly added the predictive value to the model 

(Table 5). Because of co-linearity overlap in the information from 

these antecedent conditions a Variance Inflation Factor (VIF) analysis 

was performed, whose output values can be observed in Table 6. The 

result of the VIF analysis showed that Total Runoff is highly 

correlated with other predictors on how it predicts low velocity habitat values overall, although there is 

still significant predictive power in these antecedent conditions (Table 5). When the model is run within 

the given data set a r²=0.99 is generated and can be illustrated in Figure 9.  

Table 4: Basic Relationships of 

Antecedent conditions with Low 

Velocity Habitat 
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To determine the predictive power of the model on a future data point or an out of sample date, a resampled linear regression was run. Although 

the sample size was relatively small,  the r² value for predicting future LVH values was determined to be 0.77 (Table 7) which suggests that 

antecedent conditions can explain 77% of the observed variability in low velocity habitat on data not yet collected (predictive). On data that it has 

seen (within sample data) it explains 99% of the variability in LVH. 

 

Figure 8: Relationship between Low Velocity Habitat and Predicted Low Velocity Habitat. Output from The multiple Regression Linear Model (r²=.99). 
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Table 5: Results of the Multiple Regression Linear Model. 

 

Table 6: Variance Inflation Factor Results. 

 

Terms with days: are interactions with days

Term estimate Std. Error statistic p.value

Intercept -3.41E+04 6.03E+04 -0.564 0.597

days 2.61E+01 1.99E+01 1.31 0.246

runoff march-july 2.73E-02 4.77E-02 0.572 0.592

Descending June 1-July 31 1.54E-01 4.75E-02 3.24 0.023

days >2.5k -7.95E+04 1.40E+03 -0.567 0.595

days >5k 2.23E+03 8.60E+02 2.6 0.0485

days <2000 7.77E+02 4.15E+02 1.87 0.12

Total Runoff -1.16E-01 1.32E-01 -0.874 0.422

days<500 -2.06E+03 4.53E+02 -4.54 0.00617

days<1000 -3.83E+02 2.52E+01 -1.52 0.188

minimum flow 1.26E+02 5.25E+01 2.41 0.0611

days: runoff march - july 3.80E-05 8.01E-06 4.75 0.00509

days: descending june1-july 31 -5.17E-05 7.82E-06 -6.61 0.00119

days: days >2.5k 3.02E-01 1.63E-01 1.85 0.123

days: days >5k -2.32E-01 1.74E-01 -1.34 0.239

days: days <2000 -1.76E-01 1.17E-02 -2.45 0.0581

days: Total Runoff -6.29E-01 1.78E-05 -0.354 0.738

days: days<500 6.15E-01 8.54E-02 7.2 0.000804

days: days<1000 4.66E-02 5.44E-02 0.857 0.431

R2 for linear regression

R2 : 0.992

adj R2: 0.962

Days Runoff March-July

1888.11216 59.20203

Descending June 1-July 31 days >2.5k

53.27302 1696.69856

days >5k days <2000

284.24665 336.3981

Total Runoff days<500

2032.83772 49.36591

days<1000 minimum flow

259.73334 25.83903

days: runoff march - july days: descending june1-july 31

153.13032 51.74822

days: days >2.5k days: days >5k

445.48038 175.79936

days: days <2000 days: Total Runoff

3009.35525 1586.08725

days: days<500 days: days<1000

51.21689 1305.03523

Variance Inflation factor
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Table 7: Resampled Linear Regression Results. 

 

Discussion & Conclusion 

The San Juan River in 2020 experienced the lowest water year since 2018, calculating the antecedent 

conditions reveal that the total volume of runoff was 579,484 acre feet the second lowest runoff aside 

from 2013 (Table 1). Because of the below normal antecedent conditions and a lack of spring flow release 

from Navajo Reservoir, it was determined to be a below normal water year and thus we tested hypotheses 

H₀₃. 

H₀₃: If the spring run-off is less than the average run-off, total wetted area, island count, and backwater 

type area will be less than compared to the 2019 habitat characteristics (density and area). 

Both decreased total wetted area and island 

count can be explained by the occurrence of a 

low flow year. During high runoff events of a 

number of days above 5,000 cfs sediment is 

suspended and mobilized (Bliesner and Lamarra 

1999) These higher flows act to “clean” 

sediment from the now active side channels and 

reconnect them to the main stem of the river, 

this in turn increases total wetted area and 

increases the amount of active island complexes 

present in the system (r²=.74) (Figure 10). Years 

when there is not a significant runoff are much 

more vulnerable to monsoonal events which 

have shown to deposit sediment at the mouths of side channels (Bliesner and Lamarra 1999) effectively 

blocking them off from the main stem of the river thusly reducing the wetted area of the river as well as 

the active island count. 2020 was an interesting year seeing that 2019 had a very large runoff with very 

little to no monsoonal events (Lamarra and Lamarra 2019) to 2020, which saw very little sustained runoff 

Linear Regression

24 samples

9 predictor

no pre-processing

resampling: leave-one-out Cross- Validation

Summary of sample sizes: 23, 23, 23, 23, 23, ...

Resampling results:

RMSE Rsquared MAE

21055.96 0.7686243 16217.29

Tuning parameter "intercept was held constant at the value of true

 
Figure 9: Island Count, Total Wetted Area Relationship (r²=.74) 
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and only one monsoonal event peaking at 1,971 cfs daily average (Figure 1). These factors along with the 

data from 2017, which was an extremely similar year in terms of island counts and total wetted area 

indicate that very little geomorphological change has occurred in the river because of the 2019 high 

runoff and subsequent no runoff of 2020. In the terms of total wetted area and island count the selection 

of H₀₃ was the correct hypotheses to use and can explain 2020 year for these factors. 

Backwater type LVH and Embayments type LVH responded differently. Although we did see a decrease 

in LVH area from November 2019 (thus an 

acceptance of the null hypothesis), LVH 

continued an overall upward trend since 2015 

constituting the second highest LVH value since 

1996 (Figure 6).  

The LVH type analysis proved to be especially 

illuminating as to why we did not see a more 

dramatic drop in area and continued to trend 

upwards. In years previous, secondary channel 

type backwaters and embayments constituted 

53% of the total area observed where bank type LVH only comprised 24% (Lamarra and Lamarra 2019). 

In 2020, secondary channel LVH was recorded at ~28% of total area where bank LVH consisted of 

approximately 50% of the total LVH area. Bank backwaters are the most common LVH type in the river 

making up to 50-60% of the total individual habitats in 2020, the unique situation for this year was their 

overall size (Table 8). During the 2020 sampling event, bank LVH were consistently larger than previous 

years. Our developing hypothesis is, due to the 2019 hydrograph, a lack of monsoons in both seasons and 

a depressed hydrograph for the 2020 season, sand in the river bed was deposited along the bank margins 

thus producing bank backwaters akin to what is observed in reach 1. With the increased flow regime 

experienced in 2019 sediment would have been suspended and mobile. When flows returned to a base 

flow sand and cobble were deposited on point bars and the banks of the river. With no monsoon events, 

sediment remained in place until the depressed runoff event in 2020, with little power to move and 

displace sediment large bank habitats may have formed and a limited number of side channels were 

opened. 

The long range plan outlines multiple tasks undertaken in this project.  

Task 3: Develop relationships between habitat availability and antecedent flow conditions, using key 

habitats for this analysis. 

In 2019, efforts were made to find a relationship between low velocity habitats and the antecedent flow 

conditions using a step wise multiple regression model. Although the effort was partially successful we 

felt that the output was not sufficient or robust enough. For the 2020 dataset, an outside statistics 

consultant was contracted to provide a higher level of accuracy and robustness to the LVH model. Using 

R 4.0.4 Dr. Barrett identified possible predictor variables and implemented them into three models. 1) 

Multiple Linear Regression, 2) Elastic Net Regression (machine learning) and 3) Random Forest Analysis 

(machine learning). Of these three models the multiple linear regression provided the highest r² value 

(0.65 in-sample, 0.39 out-sample). Cumulative days between sampling events was then added into the 

data set in the form of interactions, which greatly increased the predictive power of the model (0.99 in 

BW Type Count Min. Area AV. Area Max Area

Bank 466 79 38167 2690

Island 114 0.91 34 1844

NWA 345 0.51 21 738

Sec. Channel 34 0.43 5372 20200

Lat. Wash 3 52 324 765

Emby Type Count Min. Area AV. Area Max area

Bank 242 0.42 38 688

Island 48 1 25 402

NWA 87 0.84 10 219

Sec. Channel 27 2 59 2659

Table 8: Summary Statistics of Backwater and Embayment 

Types. 
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sample, 0.70 out-sample). The accuracy of this model has many possibilities for future monitoring and 

research.  First and most importantly is to retroactively calculate the antecedent conditions for the 

2008, 2009 and 2010 water years when monitoring did not take place and run the model to determine 

LVH estimates for those years effectively bringing the master data set up to date. This model can also be 

used to help aid management  decisions in years where excess water is present in Navajo Reservoir and 

the program needs to know how best to utilize the water, such as in 2019. Looking at the regression 

coefficients for the model variables as well as the parameters themselves (Tables 4 and 5) will allow the 

construction of a spring hydrograph that will optimize LVH for the subsequent baseflow. As more data is 

collected in the future we expect the predictive power of the model to increase (as n increases) and we 

will continue to update and upgrade it year to year.    

Conclusions 

The 2020 baseflow mapping was done in September at a flow of 531 cfs and followed a non spring flow 

release from Navajo Reservoir. Although total LVH did decrease between 2019 and 2020, (thus accepting 

the null hypothesis of a decrease due to below normal flows), there was a major shift in LVH based on the 

subtype of LVH. Bank associated LVH had an unexpected increase in both area and count. We 

hypothesize that the cause in a lateral distribution of sand that was not mobilized during spring runoff. 

Following 2020 data collection, a statistical model was developed with an expanded set of antecedent 

conditions (Table 5) that predicted the quantity of LVH in the San Juan River. Models were developed 

that allowed within period predictions (filling in absent data sets) as well as out side data predictions 

(future conditions). Both models were considered robust with r
2
 of 0.99 and 0.77 respectively. Nine 

antecedent conditions were used in the models. 
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Appendix A:  Response to Comments 

 

Miller: Will the model be implemented to test hypothesis in future years? 

ERI: Yes the goal of developing the model was to be able to test future hypothesis, and flow scenarios, as 

well as attempt to fill in past data points where antecedent conditions can be interpreted but habitat data 

was not collected. 

Miller: Table 1 the small font is difficult to read. I recommend making table 1, figure 5, 6, 7, and 8 

landscape format to increase readability. In addition Figure 10 would be more readable as full page 

width in portrait layout. 

ERI: We agree.   

Barkalow: See typo in first sentence. 

ERI: Addressed 

Barkalow: I think this metric is very interesting; I am particularly interested in the change over time. 

Have you considered modeling flow and TWA? Would it be feasible to present the change in TWA over 

time? This might be especially interesting within geomorphic reaches where the channel is likely to have 

the greatest change (i.e., excluding canyon bound reaches). In your opinion is there available evidence 

within the TWA data set that demonstrates the San Juan River has become incapable of spreading over a 

larger channel, likely due to vegetation encroachment?  

ERI: Dr. Pitlick tasked us to perform a similar analysis in 2017 where we looked at the relationship 

between river width (TWA surrogate) and discharge in the upper river. This analysis can be found in 

Appendix A of the 2017 San Juan River Habitat monitoring report.  

Barkalow: See typo above.  

ERI: Addressed   

Barkalow: See typo above. 

ERI: Addressed 

Barkalow: I am curious if you can elaborate on why the cumulative number of days between sampling 

events had such an influence on the model’s predictive value. I am assuming the power of the interaction 

is because as more or less time has passed the antecedent conditions are more or less likely to influence 

the state of LVH? 

ERI: This is an interesting observation, but we feel that time is important because, over time LVH area 

has been steadily decreasing since monitoring began in the 90’s, this can most likely be attributed to the 

simplification of the river system in the form of loss of island complexes, vegetation encroachment and 

channel scour. Due to the river changing over time antecedent conditions experienced presently may have 

less effect on LVH than that if the same antecedent conditions were experienced in the past.  

Barkalow: It may be informative to specify the nine antecedent conditions that were used in the models. 

ERI: Addressed 
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Barkalow: The recently developed low velocity model will likely be very useful for the management of 

that critical habitat type. 

ERI: Thank you, well feel that it will be a useful tool moving forward. 

 

 


