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1 INTRODUCTION 

1.1 STUDY PURPOSE AND OBJECTIVES 

The overall purpose of the San Juan River Basin Recovery Implementation Program (SJRIP) climate 
change study is to study, develop, and present a reasonable range of the potential impacts that climate 
changes may have on the San Juan River basin’s water resource system, and specifically to the SJRIP 
program’s continued ability to meet its objectives.  

By its very nature, hydrology is a variable and uncertain science, and this becomes even more apparent 
when incorporating the variability and uncertainty associated with the current scientific understanding 
of our changing climate. Thus, the object of this study is not to make precise estimates of specific 
impacts to any given parameter, but rather to present a reasonable range of potential impacts to the 
water resource system. This study should contribute additional understanding of the general trends and 
context regarding the hydrologic impacts of a changing climate that should be beneficial to decision-
makers, water managers, and other basin stakeholders. 

1.2 BASIN AND PROGRAM BACKGROUND 

The San Juan River basin, shown below in Figure 1-1, drains an area of almost 25,000 square miles. Of 
the drainage area, about 39 percent is in New Mexico, 23 percent in Colorado, 20 percent in Arizona, 
and 17 percent in Utah. By average flow, the San Juan River is the third largest tributary to the Colorado 
River. From its source on the Continental Divide in southern Colorado, it flows over 350 river miles in a 
general westerly direction to its confluence with Lake Powell in southern Utah.  

Basin elevations vary from over 14,000 feet on the crests of mountain peaks in the San Juan range down 
to about 3,700 feet above sea level at the confluence with Lake Powell. Precipitation varies from more 
than 60 inches annually in small areas along the high peaks, to less than 10 inches in extensive parts of 
the basin, to less than one-tenth inch in others. 

The San Juan River Basin Recovery Implementation Program (SJRIP) was established in 1992 with the 
goals of recovering the native fish community of the San Juan River, specifically the endangered 
Colorado Pikeminnow and Razorback Sucker, while allowing continued water development and 
management activities within the basin. To support the recovery goal, the “Flow Recommendations for 
the San Juan River” were prepared by the SJRIP Biology Committee and published in 1999 (Holden, 
1999). Determined from data gathered and analyzed during a 7-year research period (1991 to 1997), the 
flow recommendations presented flow criteria and hydrographs specifically designed to aid in the 
recovery of the endangered fish species. 
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1.3 SAN JUAN BASIN HYDROLOGY MODEL (SJBHM)  

The San Juan Basin Hydrology Model (SJBHM) was designed and developed for the SJRIP to be used for 
long-term planning purposes such as developing and evaluating Navajo Reservoir operating rules that 
will support the goals of the SJRIP while continuing to provide reliable water supply to the basin’s water 
users. The model is also used to simulate and assess the impacts of various levels of water use scenarios 
on streamflows and determine how well the flow recommendations can be met at certain levels of 
development. 

The SJBHM consists of two distinct water resource system models that are used in a coordinated 
manner. These two models are the “San Juan StateMod” model and the “SJRIP RiverWare” model and 
are referred to as such throughout this report. These two modeling platforms are summarized below. 
Further and detailed documentation for both models is available in the “San Juan Basin Hydrology 
Model Documentation” (SJRIP, 2019) and the San Juan StateMod model documentation (CWCB, 2016). 

The primary model used for SJRIP analysis is the “SJRIP RiverWare” model, a water resource system 
model built with the RiverWare modeling platform, which is described further below. The SJRIP 
RiverWare model simulates the mainstems of the San Juan and Animas Rivers primarily in New Mexico 
but also includes the San Juan-Chama Project (SJC) diversions, the Animas-La Plata Project (ALP) 
operations on the Animas River below Durango, all of which are in Colorado, and the lower portion of 
the San Juan River in Utah above the Bluff gage. The SJRIP RiverWare model is a daily timestep model 
that simulates Navajo Reservoir and its operations, including recovery releases, flood control releases, 
and deliveries to both agricultural and municipal water users including the Navajo Indian Irrigation 
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Project (NIIP) and Navajo-Gallup Water Supply Project (NGWSP). The SJRIP RiverWare model is not used 
for real-time operations of Navajo Reservoir or any other projects in the basin. 

The State of Colorado’s “San Juan StateMod” model is used to support the SJRIP RiverWare model. 
Water use and other streamflow depletions in Colorado above the SJRIP RiverWare model’s boundary 
inflow nodes are simulated within San Juan StateMod. This monthly timestep model provides the 
boundary inflows to the SJRIP RiverWare model from its principal runoff sources in Colorado, including 
the Los Pinos, Piedra, and upper San Juan Rivers that flow into Navajo Reservoir, and the Animas, 
Florida, and Mancos Rivers and McElmo Creek that join the main system below Navajo. Vallecito, 
Lemon, and Long Hollow reservoirs are simulated within San Juan StateMod and their representation is 
considered sufficient for the SJBHM purposes.  

The portions of the San Juan basin that are covered by each model are shown on the map below in 
Figure 1-2. This map also highlights the two areas in Colorado, the ALP area on the Animas River below 
Durango and the SJC diversion area in the upper San Juan tributaries, that are represented within San 
Juan StateMod but “remodeled” within the SJRIP RiverWare model. 

 
Figure 1-2: San Juan Basin Map with Approximate San Juan StateMod and SJRIP RiverWare Model Coverage Boundaries. 
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2 CLIMATE CHANGE SCENARIO DEVELOPMENT 

2.1 SUMMARY OF PRIMARY SJRIP CLIMATE CHANGE STUDY SCENARIOS 

The primary climate change scenarios used in the SJRIP climate change study are summarized below and 
presented in Table 2-1. Preceding this, some of the key terminology used in the description of these 
scenarios is explained to provide a preliminary basis for understanding the scenarios. Readers not 
already familiar with these types of climate change scenarios are not expected to fully understand these 
definitions at this point. However, it has been found that providing this summary at the beginning of this 
section can be beneficial during the background and development discussion. 

Subsequently, the rest of this section explains the climate change scenario development and selection in 
more detail. A brief background of climate change modeling is followed by a summary of several 
previous climate change studies and modeling efforts that included some aspect of the San Juan River 
basin. This leads into a description of the selection and development of the full set of scenarios utilized 
during this study and the reasoning behind the focus on the primary scenarios summarized below. 

Explanation of key terminology used in the definition of scenarios: 

• Representative Time Period – The period of years (termed by the center year) that the 
scenario’s hydrologic impacts are intended to represent. For example, 2050 time period 
scenarios represent the hydrologic changes derived from climate model projections for the 
years 2035-2064. 

• Relative Hydrologic Impact Pool Position – These describe the selection of a pool of 10 climate 
projections (from over 200 total) used to develop scenarios for each time period. Climate 
projections are characterized by their impacts on two hydrologic factors, crop irrigation 
requirement (CIR) and runoff. 

o Percentile of CIR Change – This metric is used to rank the relative changes to CIR 
observed in the climate projections during the given time period.  

o Percentile of Runoff Change – This metric is used to rank the relative changes to runoff 
observed in the climate projections during the given time period. 

o Note that these factors have opposite impacts on a basin’s hydrologic conditions, and 
thus when a higher percentile for CIR is combined with a lower percentile for runoff, it 
has a higher impact on overall hydrologic conditions. 

o Also note that because these changes are organized by percentiles, they are not 
indicative of the magnitude or direction of changes. Rather, they are only used to 
describe the changes observed in the climate projections relative to each other. 

The six primary SJRIP climate change scenarios cover two future representative time periods, 
representing potential climate conditions surrounding the years 2050 and 2070. Within each future time 
period, three distinct “impact range” scenarios are included. The “Center Impacts” scenarios represent 
the middle ground in terms of the hydrologic impacts observed through full set of over 200 climate 
change projections, reflecting approximately the 50th-percentile of changes to both CIR and runoff in the 
given time period. On the hydrologically “less severe” side, the “Mid-Low Impacts” scenarios represents 
the 25th-percentile of CIR changes (meaning that 75% of projections showed higher CIR increases), and 



 
San Juan Basin Hydrology Model Documentation Page 5  September 15, 2020 

75th-percentile of runoff changes (meaning that 25% of projections showed higher increases to runoff). 
Conversely, on the hydrologically “more-severe” side, the “Mid-High Impacts” scenario represents the 
75th-percentile of CIR changes and 25th-percentile of runoff changes. 

 

Table 2-1: Summary of Primary SJRIP Climate Change Study Scenarios 

  Relative Hydrologic Impact Pool 
Position 

Scenario Name Representative Time 
Period 

Percentile of 
CIR Change 

Percentile of 
Runoff Change 

Historical Observed (also called 
baseline hydrology, for comparison 
with future climate scenarios) 

1929-2013 (85 years) n/a n/a 

2050 Mid-Low Impacts 
2050 = 2035-2064 (30 

years centered on 2050) 

25% 75% 
2050 Center Impacts 50% 50% 
2050 Mid-High Impacts 75% 25% 
2070 Mid-Low Impacts 

2070 = 2055-2084 (30 
years centered on 2070) 

25% 75% 
2070 Center Impacts 50% 50% 
2070 Mid-High Impacts 75% 25% 

 

2.2 CLIMATE CHANGE MODELING OVERVIEW 

2.2.1 GCMs and CMIP Climate Projection Datasets 

Projections of future climate conditions have been developed by climate scientists using a wide range of 
global climate models (GCM), also referred to as general circulation models, driven with various 
scenarios for potential future levels of greenhouse gas emissions, their resulting atmospheric 
concentrations, and land-use scenarios. The World Climate Research Programme established the 
Coupled Model Intercomparison Project (CMIP) to help aid in broad and consistent analysis and 
utilization of GCM results. The CMIP framework provides standards and guidelines for comparing and 
applying GCM climate projections and have formed a basis for many climate changes impacts 
assessments and studies. To date, two CMIP climate projection datasets, CMIP3 (in 2007) and CMIP5 (in 
2013) have been published and utilized in basin scale hydrologic impact studies throughout the western 
United States.  

GCMs are run to simulate climate conditions for the entire globe for time periods of 100+ years and 
generally have large spatial scales of 100-200 km grid cells. Thus, GCM climate projection outputs must 
be post-processed to allow them to be used in hydrologic models where finer spatial (on the order of 
12km grid cells) and temporal scale data is required. This process has been completed for the CMIP3 and 
CMIP5 climate projection datasets using various spatial downscaling techniques. Additionally, climate 
models have generally been observed to exhibit systematic error (i.e., bias) due to their limited spatial 
resolution, simplified physics and thermodynamic processes, numerical schemes, or incomplete 
knowledge of climate system processes. Thus, bias-correction procedures have been developed and 
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utilized by climate and hydrology scientists and modelers to adjust the datasets so that they can be 
useful and applicable for hydrologic impact studies.   

The CMIP3 dataset of 21st-century projections consists of 112 projections generated from 16 climate 
models forced with three emissions pathways. Subsequent datasets appropriate for driving hydrologic 
models (e.g., the variable infiltration capacity (VIC) model) have been developed for all 112 CMIP3 
projections in a large-scale effort headed up by Reclamation. The CMIP5 dataset consists of a total of 
234 climate projections generated from 37 climate models under four updated future greenhouse gas 
emission scenarios, referred to as “representative concentration pathways” (RCPs). Again led by 
Reclamation, hydrologic model input datasets were developed for 97 of the total 234 scenarios. 
Although the CMIP5 projections reflect updated and improved GCMs over the CMIP3 archive, there is 
not yet strong scientific evidence that suggests that either set of projections is more accurate or 
applicable for hydrologic impact analysis (Rupp, et al., 2013), and therefore many studies have 
proceeded to include the collective group of both CMIP3 and CMIP5 projections in their analysis. A 
thorough literature review and additional discussion regarding the use of climate projections can be 
found in the “Colorado River Water Availability Study (CRWAS) Phase II Climate, Task 1, Literature 
Review Technical Memorandum” (CWCB 2015), and is particularly relevant to this study given the 
overlap in scope with the CRWAS efforts (further described below). 

2.2.2 Application of Climate Projections to Hydrologic and Water Resource System Modeling 

In general, two distinct approaches have emerged to incorporate climate change impacts into hydrologic 
and water resource system modeling studies: 

• Period-Change – This method is prevalent among hydrologic impact studies. Also referred to as 
a quasi-steady-state method, it uses historical hydrology sequences that are adjusted to reflect 
the hydrologic changes that are expected to occur under climate scenarios informed by climate 
projections. The impact of the altered hydrology can then be analyzed by comparison to 
conditions under the base historical hydrology. Period-change analyses generally provide more 
easily understood results and are broadly considered to do a good job of capturing the potential 
changes in hydrologic magnitudes and seasonal timing. Because they are based the historical 
hydrology sequence, they are also more readily applied to complex water resource system 
models that are developed, calibrated, and validated under historical hydrologic conditions. 
However, being based on the historical hydrology sequence also limits the ability to analyze 
some important changes to the hydrologic regime like changes to multi-year hydrologic 
sequences, such as the frequency and duration of drought periods. 

• Transient – This method is prevalent in the climate science community. It represents climate 
changes in a time-evolving manner from the past or current conditions into the future. Transient 
analyses tend to be much more complex and involve a significantly higher number of climate 
change scenarios to provide a representative sample of the range of potential climate 
conditions. They also tend to require more intensive calibration and validation of resulting 
streamflows to be used as water resource system model inputs as they can deviate significantly 
from historical flow regimes and can cause issues in models reliant on historical hydrology 
sequences. 
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As will be discussed in more detail later in this section, the SJRIP climate change scenarios utilize a 
period-change analysis approach. 

2.2.3 Uncertainty in Climate Modeling and Projections 

There is now broad recognition that the future climate will be different than the past, and that the 
changes will impact hydrology and water supplies as changes in temperature and precipitation will 
influence the hydrologic processes that drive streamflow (CWCB 2015). It is also realized, however, that 
all future climate projections are uncertain, and this uncertainty is clearly evident when analyzing the 
differences between climate projections and their derived hydrology. None of the projections by 
themselves are expected to exactly predict the future climate conditions. While some projections will 
ultimately prove to have been more accurate than others (which will almost certainly vary across 
regions and time periods), there is not currently a reliable basis to evaluate which projections, or even 
emissions scenarios, provide the best representations of the future climate. For these reasons, the vast 
majority of climate change hydrologic impact studies make use of climate change scenarios developed 
from various groupings of climate projections and intended to be representative of the ranges of 
impacts observed throughout the climate projection datasets. This is the approach used for this SJRIP 
climate change study, as described later in this section. 

2.3 PREVIOUS CLIMATE CHANGE MODELING INCLUDING THE SAN JUAN BASIN 

This section presents a brief summary of several previous climate change studies and modeling efforts 
that include some aspect of the San Juan Basin and/or related basins or objectives. Interested parties 
are encouraged to explore these studies in more depth. 

2.3.1 Colorado River Basin Water Supply and Demand Study 

The Colorado River Basin Water Supply and Demand Study (or Colorado River Basin Study, CRBS) was a 
large-scale effort conducted by Reclamation in collaboration with the seven basin states and many other 
agencies and stakeholders throughout the Colorado River basin. The study began in 2010 and was 
completed in 2012.  

The CRBS utilized Reclamation’s Colorado River Simulation System (CRSS) RiverWare model to run more 
than 100,000 total traces. While not the sole focus, climate change was considered as part of the study 
as the 112 individual CMIP3 climate projections were included in the nearly 2000 total water supply 
scenarios, which also included observed resampled, paleo resampled, and paleo conditioned hydrology 
scenarios. The CRBS had two San Juan River basin nodes, the San Juan near Archuleta and San Juan near 
Bluff. Under climate change scenarios and relative to other Colorado River tributaries, the San Juan River 
was projected to experience some of the largest percentage decrease in annual natural flows, 
decreasing an average of ~7% by the 2020s, ~13% by the 2050s, and ~16% by the 2080s. 

2.3.2 Colorado River Water Availability Study (CRWAS) 

The Colorado River Water Availability Study (CRWAS) is a multi-phase effort led by the Colorado Water 
Conservation Board (CWCB) and Colorado Division of Water Resources (CODWR). The studies have been 
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used to inform and provide results and scenarios for the Colorado Water Plan (2015) and the Colorado 
Water Plan Technical Update (2019). Started in 2008, Phase I was completed in 2012, and Phase II was 
completed in 2019. 

CRWAS Phase I was one of the first studies to specifically investigate the impacts of potential climate 
changes to water supply in a water-rights driven system. Building on Phase I, Phase II added the CMIP5 
climate projections to the CMIP3 projections used for Phase I and improved the methods for estimating 
natural flows and demands under potential climate changes. The CRWAS modeling efforts include the 
Colorado portions of the San Juan River and its tributaries, which generate a majority of the flow to the 
San Juan basin. Because of the overlap in basin areas, and study scope and objectives, the CRWAS Phase 
II methods and developed datasets were heavily utilized to support this study. These methods are 
described in more detail subsequently in this section.  

Based on feedback from Colorado water managers and for consistency with the Colorado Water Plan, 
CRWAS Phase II took a simplified approach and focused its analysis on one future time frame, 2050, 
characterized by the projected climate conditions for the 2035-2064 period (whereas Phase I used two 
time frames, 2040 and 2070. Furthermore, Phase II analysis focused on just two primary composite 
scenarios, “Hot and Dry” and “Between 20th century observed and Hot and Dry” (aka “Between”), which 
were developed from a wide range of over 200 individual climate projections. 

The “CRWAS Phase II, Task 7: Climate Change Approach and Results” final report presents many results 
that are relevant to the SJRIP, many of which were replicated and expanded upon during this SJRIP 
climate change study. Some of the key observations from the CRWAS Phase II water resource system 
modeling relating to the San Juan basin include (all for the by the 2050 time frame): 

• Crop Demands and Consumptive Use: 
o Average annual crop demands in the San Juan/Dolores basin could increase from 

current levels by 23% under “Between” or 29% under “Hot and Dry”. 
o However, simulated realized consumptive use is only slightly higher in “Between” and is 

lower in “Hot and Dry”, indicating that increased crop demand is generally not satisfied 
due to limited water supply. 

• Natural Flow: 
o Natural flows in both the “Between” and “Hot and Dry” scenarios tend to be much 

lower than current natural flows in Colorado’s southern basins (Gunnison River and San 
Juan River) compared to the northern basins (Yampa River and White River). 

o The “Hot and Dry” natural flows are consistently lower than the “Between” natural 
flows, though the monthly patterns are similar. 
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o Estimated changes in average annual natural flow for select San Juan basin locations: 

Location 
% Change in Average Annual Natural Flow  
“Between” scenario “Hot and Dry” scenario 

San Juan River near Carracas -13% -24% 
Piedra River near Arboles -15% -27% 
Los Pinos River at La Boca -17% -27% 
Animas River near Cedar Hill -17% -28% 
La Plata River at CO-NM State Line -13% -27% 
Mancos River near Towaoc -20% -32% 

o In many tributaries, current peak runoff occurs in June. Natural flows for both the 
“Between” and “Hot and Dry” scenarios generally show peak runoff occurring in May, a 
clear shift to earlier snowmelt. Typical plots (see CRWAS Phase II report for more). 

  

• Simulated Streamflow (i.e., regulated and depleted): 
o All gages show a decrease in average annual streamflow for the “Between” and “Hot 

and Dry” scenarios compared to current. 
o Estimated changes in average annual streamflow for select San Juan basin locations: 

Location 
% Change in Average Annual Natural Flow  
“Between” scenario “Hot and Dry” scenario 

San Juan River near Carracas -7% -20% 
Piedra River near Arboles -11% -25% 
Los Pinos River at La Boca -26% -41% 
Animas River near Cedar Hill -12% -23% 
La Plata River at CO-NM State Line -4% -26% 
Mancos River near Towaoc -11% -30% 

o Similar to natural flow hydrographs, peak modeled streamflow shifts from June to May 
at many locations under “Hot and Dry” and “Between” scenarios (see CRWAS Phase II 
report for illustrative plots). 

2.3.3 Peer-Reviewed Journal Studies 

In the past few years, several peer-reviewed journal articles have been published relating to climate 
change and associated impacts within the San Juan basin. Some of the primary findings of these studies 
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are summarized below, following a brief contextual discussion to differentiate these studies from the 
federal and state agency-driven studies previously discussed, as well as this SJRIP climate change study. 

These journal studies, led by researchers at Los Alamos and Sandia National Laboratories and assisted by 
staff at Reclamation and other agencies and institutions, have variously utilized hydrologic (i.e., VIC) and 
water resource system models (i.e., StateMod and RiverWare) of the San Juan basin to investigate a 
variety of research questions. The VIC models utilized for these studies is an enhanced, 1/16-degree 
(~6km) grid cell model, relative to the 1/8-degree (~12km) grid cell VIC model that has been used for the 
large-scale Reclamation (e.g., CRBS) and Colorado’s CRWAS climate change modeling efforts. 
Additionally, the more detailed VIC models have been being driven by different base meteorological, 
climate, and other datasets. The enhanced VIC modeling shows promise, although there are still 
questions regarding its calibration and validation that limit its direct application in studies seeking to 
describe higher-level impacts relative to observed historical hydrology. These studies have also used 
VIC-derived inflows to drive the water resource system models directly, which often complicates 
analysis in models designed to be run with more consistent hydrology inputs (typically based on 
observed historical flow records). This is why most applied studies, such as CRWAS Phase II and many of 
the Reclamation basin studies, utilize techniques to adjust the existing hydrology inputs rather than 
using projected or otherwise synthetic hydrology directly. Additionally, the immense effort to develop 
large-scale and consistent datasets for the more complete set of CMIP3 and CMIP5 climate projections 
has not yet been replicated for this VIC model. For these reasons, the future hydrology sequences used 
in these efforts do not reflect appropriate scenarios for this SJRIP climate change study where the 
objective is to create scenarios representing a reasonable range of expected impacts informed by 
groupings of climate projections, rather than specific projections individually. 

This research has provided some interesting findings, which are summarized below: 

• “Climate-driven disturbances in the San Juan River sub-basin of the Colorado River” (Bennett et 
al. 2018) used the 1/16-degree VIC model in the San Juan basin to highlight the importance of 
including representation of the impacts of forest disturbances into climate change hydrologic 
modeling. They found that incorporating forest disturbances can exacerbate changes to 
streamflow with average annual flows decreasing 6-11% over climate changes alone, and as 
much as 15-21% lower in forested zones. 

• “Threats to a Colorado river provisioning basin under coupled future climate and societal 
scenarios” (Bennett et al. 2019). This study used 1/16-degree VIC-simulated hydrology to 
directly drive the SJR Basin Daily Operations RiverWare model and the San Juan-Chama Project 
RiverWare model for six individual CMIP5 climate change projections. The study found that 
climate changes could cause significant disruptions to water deliveries (-12 to -48%) and cause 
shortages that exceed manageable thresholds (shortages of 53% to 73%).  

• “Importance of Water Infrastructure and Management Operations in Evaluating Impacts of 
Changing Climate and Water Use Regimes” (Tidwell et al. 2020, pre-publication). This study used 
1/16-degree VIC-simulated natural flows for five individual CMIP5 climate change projections to 
drive the SJBHM models (the coupled San Juan StateMod and SJRIP RiverWare models) directly. 
The results were then compared to those from the SJR Basin Daily Operations RiverWare model 
driven with the same climate change hydrology. The study found that the more detailed and 
dynamic SJBHM model was a better tool with which to evaluate impacts of changing climate and 
demands, as it was better able to adjust and reasonably account for extreme events. Because it 
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utilized the same SJBHM model, these findings should provide additional confidence in the 
results of this SJRIP climate change study. In addition, this effort was instrumental in preparing 
the SJRIP RiverWare model for this SJRIP climate change study. 

2.4 CLIMATE CHANGE PROJECTION POOLING 

This SJRIP climate change study has the benefit of being conducted following several other broad-scale 
climate change studies (as summarized above). Notably, the Colorado Water Conservation Board’s 
(CWCB) Colorado River Water Availability Study (CRWAS) efforts include water resource system 
modeling with their StateMod water resource system models that cover most of the major river basins 
in the state. This includes the San Juan StateMod model, one of the primary modeling components of 
the San Juan Basin Hydrology Model (SJBHM), as described above. Because of this, much of the work 
completed during the CRWAS efforts was able to be directly utilized during this study. A significant 
aspect of the work that was utilized was the definition of climate change scenarios.  

Phase I of the Colorado Water Availability Study (CRWAS-I) was completed in 2012 and Phase II (CRWAS-
II) was completed in 2019. One of the significant improvements made for CRWAS-II from CRWAS-I was a 
change in the way that the climate change scenarios were developed. CRWAS-I defined scenarios based 
on the “temperature vs. precipitation anomaly space plotting” method that was largely developed and 
utilized in many of Reclamation’s climate change studies up to that point. Through the course of the 
CRWAS effort however, this method was found to do an unsatisfactory job at characterizing the full 
range of potential impacts on water resource systems, as described in the excerpt below and illustrated 
in Figure 2-1.  

Recognizing the difficulties encountered in the CRWAS-I scenario selection work, a new 
approach was developed for CRWAS-II. The first step in developing a new approach was 
to clarify the objective of scenario development. In CRWAS-I the objective was to 
represent the range of projected future runoff or natural streamflow anomalies. But, the 
true need for planning is an understanding of the future performance of water resources 
systems. The objective for scenario development in CRWAS-II was therefore refined to be 
full representation of the range of future water resources system performance. 

Streamflow only represents the supply side of a water resources system; the success of 
the system in meeting demand for diversions from streams and reservoirs represents the 
primary performance metric for systems. On a basin scale, the balance between runoff 
and beneficial consumptive use is the primary metric of water supply stress. Accordingly, 
the approach developed for CRWAS-II used as proxy variables runoff and consumptive 
irrigation requirement (CIR, also referred to as irrigation water requirement, IWR). CIR 
represents the depth of water that must be applied to provide a full water supply to 
vegetation (to obtain a condition where actual evapotranspiration equals potential 
evapotranspiration) and is a measure of the consumptive use of irrigation water. 

-from CRWAS-II Task 1, Approach for Constructing Climate Scenarios, pg. 5 

Therefore, and as thoroughly described in the report cited above, CRWAS-II developed and utilized a 
“Runoff vs. CIR anomaly space plotting” method to improve the scenario definitions. This method was 
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shown to do a better job at describing the distribution of climate projections in terms of impacts to 
water resource systems. This plotting space and method is illustrated below in Figure 2-2 and Table 2-2. 
Within this method, a clustering approach was used to select the 10 nearest neighbors to each defined 
plot location, and those 10 projections are then used to inform the overall magnitudes of the climate 
changes represented by that scenario.  

Additionally, the CRWAS-II effort was also able to utilize the CMIP5 projections, which had been released 
since the end of CRWAS-I, which allowed for inclusion of 97 more climate projections (while CMIP5 
includes a total of 234 projections, Reclamation’s VIC hydrology modeling only used 97 of those), for an 
even more robust sampling of the potential changes offered by the sets of climates projections. 

 

 
Figure 2-1: Plots illustrating poor distribution of runoff anomalies observed in temperature/precipitation anomaly space 
groupings, for CRWAS Phase I 2040 (a) and 2070 (b) time frames. Figure 1 from CRWAS-II TM, Task 1, CWCB 2015. 
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Figure 2-2: CRWAS-II Climate Projection Pooled Scenario Approach Plot. Figure 5 from CRWAS-II TM, Task 1, CWCB 2015. 

Table 2-2: CRWAS-II Climate Scenario Designations. Primary CRWAS-II scenarios in bold.  

Designation CIR 
Percentile 

Runoff 
Percentile 

Lower Left (ll) 100% 0% 
9010 90% 10% 

7525 (“Hot & Dry”) 75% 25% 
Center (c, 5050) (“Between 20th Century Observed and Hot & Dry”) 50% 50% 

2575 25% 75% 
1090 10% 90% 

Upper Right (ur) 0% 100% 
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2.5 SELECTION OF SJRIP CLIMATE CHANGE STUDY SCENARIOS 

The SJRIP climate change study makes use of the CRWAS-II pooled scenario designations. This was done 
for several main reasons. First, these scenarios were shown to do a good job of representing the 
distribution of the overall collection of climate projections in terms of impacts to water resource 
systems. Second, the future time periods developed for the CRWAS-II scenarios agreed well with SJRIP 
program timelines and objectives. Third, the necessary natural flow hydrology and CIR adjustment 
model inputs were previously developed through the CRWAS efforts and readily available for the full set 
of climate change scenarios. The development of these inputs was a major effort involving advanced 
hydrologic (precipitation-runoff) modeling and being able to utilize these inputs directly for the SJRIP 
climate change study presented a significant advantage. 

The full set of climate change scenarios explored during this study is spread across three time periods, 
2040, 2050, and 2070, described below and illustrated in Figure 2-3. However, the six primary SJRIP 
climate change scenarios focused on in this report (as previously introduced in Section 2.1) only use the 
latter two future time periods, 2050 and 2070, as these time frames generally align with the program’s 
long-term congressional approval timelines.  

• “2040” – The potential future climate for this period is informed by the relative changes seen in 
climate projections from the base climate period (1950-2013) to the 2025-2054 period. 

• “2050” – The potential future climate for this period is informed by the relative changes seen in 
climate projections from the base climate period (1950-2013) to the 2035-2064 period. 

• “2070” – The potential future climate for this period is informed by the relative changes seen in 
climate projections from the base climate period (1950-2013) to the 2055-2084 period. 
 

 
Figure 2-3: Diagram Illustrating Baseline and Climate Scenario Time Periods. 

 

For all three future time periods, all 7 pooled scenarios defined by the CRWAS-II CIR/runoff anomaly 
space definitions were run through the SJBHM. This leads to a total of 21 analyzed scenarios, as shown 
in Table 2-3. Results for the full collection of scenarios are provided in Appendix A.  

The six primary SJRIP climate change scenarios utilize the center (5050) CIR/runoff change percentile 
position, referred to as the “Center Impacts”, and the “2575” and “7525” scenarios, referred to as the 
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“Mid-Low” and “Mid-High” Impacts scenarios. These scenarios are expected to be provide a reasonable 
range of the relative impacts from the general mass of climate projections for each time period, while 
avoiding some of the more extreme conditions that are observed in some of the projections.  

Selected results from the 2040 period, as well as other CIR/runoff change percentile pools, are included 
in the results section of the report where they were found to be helpful or informative. These scenarios 
are considered supplementary to the six primary scenarios discussed above. 

 

Table 2-3: Full List of All SJRIP Climate Change Scenarios. Only Primary Scenarios are Named (in Bold). 

Primary Scenario Name Scenario Shorthand Time Period CIR/Runoff Pool 
 2040_ur 2040 ur 
 2040_1090 2040 1090 
 2040_2575 2040 2575 
 2040_c 2040 c 
 2040_7525 2040 7525 
 2040_9010 2040 9010 
 2040_ll 2040 ll 

 2050_ur 2050 ur 
 2050_1090 2050 1090 

2050 Mid-Low Impacts 2050_2575 2050 2575 
2050 Center Impacts 2050_c 2050 c 

2050 Mid-High Impacts 2050_7525 2050 7525 
 2050_9010 2050 9010 
 2050_ll 2050 ll 

 2070_ur 2070 ur 
 2070_1090 2070 1090 

2070 Mid-Low Impacts 2070_2575 2070 2575 
2070 Center Impacts 2070_c 2070 c 

2070 Mid-High Impacts 2070_7525 2070 7525 
 2070_9010 2070 9010 
 2070_ll 2070 ll 
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3 SIMULATING CLIMATE CHANGE SCENARIOS WITHIN THE SJBHM 

3.1 OVERVIEW 

As there are two distinct models that make up the SJBHM, various inputs to both models were adjusted 
to reflect potential climate changes. The CRWAS effort included the portion of the San Juan basin in 
Colorado and included water resource system modeling using the San Juan StateMod model. Thus, 
many of the inputs necessary for this climate change study were directly available from the CRWAS 
effort and were utilized where appropriate. Other required SJBHM inputs, such as those for the basin 
and river area simulated by the SJRIP RiverWare model (the areas outside of Colorado), were generated 
following the same or analogous adjustment methods and using the most appropriate factors available 
for those areas by proximity and similarity. 

Generally, the climate change adjusted inputs for each model component include: 

• San Juan StateMod: 
o Natural Inflows 
o CO Irrigation Demands, CIR/ET Rates 
o Reservoir Evaporation Rates 

• SJRIP RiverWare 
o Mainstem/Boundary Inflows – Generated with the San Juan StateMod climate change 

scenarios 
o New Mexico Irrigation Demands, CIR/ET Rates 
o Reservoir Evaporation Rates 

3.2 SAN JUAN STATEMOD MODEL CLIMATE CHANGE ADJUSTMENTS 

The adjustments made to the San Juan StateMod model in order to simulation the climate change 
scenarios are described in detail throughout various CRWAS reports, and summarized well in “CRWAS-II, 
Task 7: Climate Change Approach and Results” (CWCB, 2019). The following are select excerpts from 
that report describing the main adjustment steps: 

Develop Climate-Adjusted Natural Flows 

A similar approach was used to estimate climate-adjusted natural flows in CRWAS Phase 
II as outlined in the CRWAS Phase I report. Current climate and hydrology conditions 
were characterized by historical weather and natural flow records. Projected changes to 
precipitation and temperature were obtained from GCM outputs. Projected changes in 
natural flow and CIR were characterized using the Variable Infiltration Capacity (VIC) 
hydrology model (Liang et al., 1994, 1996). As with the CRWAS Phase I approach, the VIC 
model was used to estimate projected changes to natural flow and CIR throughout the 
Colorado River basins in Colorado. For both CRWAS phases, two applications of the delta 
approach were used; the first to develop the weather input for the VIC model and the 
second to adjust historical natural flow and CIR to reflect projected conditions. The 
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process to estimate climate-adjusted natural flow is fully described in the CRWAS Phase I 
report and is briefly summarized as follows: 

1. Historical daily weather conditions (1950 through 2013) were used to force the VIC 
model to produce simulated baseline monthly hydrologic conditions (runoff and CIR). 
This was the same process followed and described in CRWAS Phase I. 

2. For both the Hot and Dry scenario and the Between scenario, projected change in 
climate was calculated by averaging the projected change for each of the ten 
individual projections used to characterize the scenario. This is slightly different from 
the previous approach, as the selected climate projections were used individually 
and not combined into composites in CRWAS Phase I. The projected change in 
climate conditions was applied to the historical daily weather conditions to produce 
projected future weather for each scenario. This is the first application of the delta 
method. 

3. The projected future weather conditions were used to force the VIC model to 
produce simulated future hydrologic conditions (runoff and CIR) representing each of 
the Hot and Dry and Between scenarios. 

4. The change between the simulated baseline runoff and the simulated future runoff 
for both the Hot and Dry and Between scenarios was used to adjust the historical 
natural flows to produce scenario natural flow estimates. Similarly, historical CIR 
was adjusted using the change in simulated CIR to produce scenario CIR estimates. 
This is the second application of the delta method. 

Adjust Climate-Dependent Irrigation Demands [and Reservoir Evaporation] 

CRWAS Phase II adopted a simplified method to adjust crop demands from an irrigation 
supply by applying a monthly climate-projected factor to current crop demands to 
represent increased demand. The VIC model uses Penman-Monteith to calculate the 
amount of precipitation that is consumed by natural vegetation to determine runoff 
(natural flow). Similar to the method used to determine adjustment factors for natural 
flow, native vegetation factors were developed for each Water District throughout the 
state by comparing the VIC evapotranspiration (ET) estimated using Penman-Monteith 
under current climate conditions to ET estimates for the Hot and Dry and Between 
scenarios. Due to differences in the monthly distribution of demands between the 
Penman-Monteith and Blaney-Criddle methods, annual factors were used to represent 
the relative change in CIR under CRWAS Phase II. These annual ET adjustment factors 
were applied to each month in the current estimates of CIR used in the CDSS modeling 
efforts. 

The CDSS StateMod Water Allocation Model requires both crop irrigation requirements 
and river headgate demands as the demand input. Irrigation structure headgate 
demands are calculated based on crop irrigation requirements and ditch-based average 
monthly efficiencies for wet, dry, and average hydrologic year types. CRWAS Phase II 
used the same procedure, as documented in Section 2.3.6 of the CRWAS Phase I report. 
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For CRWAS Phase II, the Water District monthly ET adjustment factors were used to 
adjust the monthly evaporation rates used by StateMod to estimate net evaporation for 
the modeled reservoirs. 

 

-Excepts from CRWAS-II Task 7, Climate Change Approach and Results, pg. 4-5 

3.3 EXTENSION OF SAN JUAN STATEMOD CLIMATE CHANGE SCENARIO RUN PERIODS 

A limitation of the CRWAS process in terms of the usefulness to the SJRIP is that the CRWAS climate 
change model inputs and runs were made for a shortened run period, from WY1950-2013. However, 
because the full run period of the SJBHM and SJRIP RiverWare model is from WY 1929-2013, and 
because much of the SJRIP model analysis is dependent on this period, it was desired to maintain the full 
period in the SJRIP climate change study runs. 

This was accomplished through the use of an analog year method to extend the StateMod climate 
change inputs back to WY1929. A set of analog years was developed based on historical and baseline 
hydrology and irrigation water requirements (IWR) to choose the 1950-2013 year that best matched 
each of the 1929-1949 years. Separate sets of analog years were chosen for hydrology and IWR to allow 
for variability there. The necessary StateMod model inputs were then extended by mapping the 
available analog year inputs to the missing historical year.  

The overall suitability of this extension method was validated through the use of a “control” baseline 
scenario where the extension method was used to replace the existing historical/baseline inputs for the 
1929-1949 period with the same analog year process. The simulation results of this run were then 
compared to the original baseline scenario. While some expected minor variations were observed, on an 
overall basis the results were very comparable. 

To further account for the impacts of this extension process, as well as other biases that may be caused 
by the StateMod climate change adjustment and demand development process, a second StateMod 
“control” baseline scenario was also utilized. This scenario was developed by following the entire 
StateMod climate change adjustment and extension process, but with the existing baseline natural flows 
and all CIR adjustment factors set to 1. As with the first control, some minor variations were observed, 
but on an overall basis the results were very comparable to the official SJRIP Baseline Scenario. This 
second control scenario is used as the baseline for comparison with climate change scenario results. 

3.4 SJRIP RIVERWARE MODEL CLIMATE CHANGE ADJUSTMENTS 

The following adjustments were made in the SJRIP RiverWare model to incorporate climate change 
impacts: 

1. The mainstem and tributary (“boundary”) inflows input to the model were taken from the 
output of the corresponding San Juan StateMod climate change run. 

2. All other inputs that originate from StateMod model output were also taken from the 
corresponding StateMod climate change run. 
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3. New Mexico irrigation water user ET rates were scaled by the annual CIR adjustment factors 
in the same manner as the StateMod irrigation water user demands. The CRWAS effort 
developed CIR adjustment factors based on Colorado’s water districts, which generally 
correspond to San Juan tributary basins. The NM WU’s were mapped to the nearest or 
otherwise most appropriate of these basins, as shown in Table 3-1 below. 

4. Navajo, Ridges Basin, and Heron Reservoir evaporation rates were scaled by the average CIR 
rate adjustments for the mapped district. 

5. Heron Reservoir demands were scaled by the CIR factor to represent increased need for SJC 
exports. 

6. Utah Irrigation demands were scaled by overall run average CIR factors. 

 

Table 3-1: Mapping of SJRIP RiverWare Water User’s to Colorado Water Districts as Used for CIR Adjustment Factors. 

SJRIP RiverWare Model 
Irrigation Water Users 

CIR 
Node # CO Water District 

NIIP 46 Navajo Reservoir/Sambrito Creek 
JicarillaIrr 77 Navajo River 
NMPineRiverAreaIrr 31 Los Pinos/Pine Rivers 
ArchuletaDitch 46 Navajo Reservoir/Sambrito Creek 
CitizenDitch 46 Navajo Reservoir/Sambrito Creek 
TurleyDitch 46 Navajo Reservoir/Sambrito Creek 
Hammond 46 Navajo Reservoir/Sambrito Creek 
Ralston 30 Animas/Florida Rivers 
TwinRocks 30 Animas/Florida Rivers 
NMAnimasIrr 30 Animas/Florida Rivers 
FarmingtonGlade 30 Animas/Florida Rivers 
EchoDitch 30 Animas/Florida Rivers 
FarmersMutual 33 La Plata River 
FruitlandAndCambridge 33 La Plata River 
Enterprise 33 La Plata River 
Pioneer 33 La Plata River 
LowerLaPlataIrr 33 La Plata River 
JewettValley 33 La Plata River 
Hogback 34 Mancos River 
CudeiCanal 34 Mancos River 
UtahIrr 32 McElmo Creek 
Navajo Res Evap 46 Navajo Reservoir/Sambrito Creek 
Ridges Basin Res Evap 30 Animas/Florida Rivers 
Heron Res Evap 77 Navajo River 
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3.5 FACTORS NOT ADJUSTED FOR CLIMATE CHANGES 

There are several factors in the SJBHM that were not adjusted for climate change during this study. 
These are factors for which climate changes are not expected to have a significant impact, or for which 
the changes may be less predictable and/or more uncertain or otherwise were determined to be 
negligible.  

• Non-Irrigation Demands – Municipal, industrial, and other non-irrigation water use demands 
were not adjusted from the SJRIP Baseline demand scenario levels. 

• Tribal Reserved and/or Water Right Settlement Uses. These demands are present in the climate 
change scenarios, but their volumes were not adjusted from their tribal settlement or other 
SJRIP Baseline values. However, those that represent irrigation demands that are simulated with 
the ET/AC method (NIIP, Fruitland and Cambridge, and Hogback and Cudei) did have their base 
ET rates adjusted following the CIR method described above. Although, because the acreages 
associated with these demands are varied in order to maintain their specified volumes, the 
overall demand volumes did not change. 

• NIIP Groundwater depletions. As with the SJRIP Baseline demands scenario, the NIIP 
groundwater was assumed to be at equilibrium (average annual depletion of 0) through all 
climate change scenarios.  

• Local Inflows – The local inflows used in the SJRIP RiverWare model are calculated in the 
historical model and represent a mass-balance “close” term. While care has been taken to 
ensure that they are hydrologically reasonable, at a base level they are uncertain and implicitly 
include many factors, including reach losses, gage and historical data error, actual 
ungagged/local inflows, return flows, offstream depletions, etc. Of the 9 total local inflow nodes, 
5 show overall average net inflows while 4 show overall average net losses. However, all 
combined through the run period they average out to nearly zero (+0.2 cfs). For these reasons, it 
was decided that using the unadjusted baseline local inflows would have a negligible impact on 
model results. 
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3.6 OTHER NECESSARY SJRIP RIVERWARE MODEL MODIFICATIONS 

In addition to the changes to model input data previously described, several additional modifications 
and enhancement to the SJBHM model were necessary in order to simulate the wide range of hydrologic 
conditions and water use demands present in the climate change scenarios. These methods were 
implemented in the model in a manner to allow the model to continue to run and produce reasonable 
results for relative comparison purposes between scenarios and future time periods. These modified 
methods are only used where the significant changes to the model inputs would otherwise prevent the 
model from running successfully. 

It is also important to note that these enhancements were made in a manner that would not impact the 
results of the SJBHM Baseline demands scenario, or any scenario in which the issue in question does not 
occur. I.e., the model will only utilize these modified methods once an issue is present, but nothing is 
done differently before it actually occurs. 

The real-world logistics of operations and administration is more complex and would be subject to 
negotiation and compromise between competing interests and stakeholders.  For example, the model 
only shorts water users that are included in the current 2020 shortage sharing agreement and does not 
extend the shortage to more water users even if the shortage percentage reaches 100%. Thus, even a 
100% shortage does not in fact mean that there is no water use below the reservoir. Additionally, the 
model does not simulate water right administration in New Mexico. Furthermore, the model also does 
not account for any potential impacts to the San Juan River basin, and SJRIP program specifically, of any 
Colorado River drought contingency plans and/or related operational or administrative changes. 

The necessary additional modifications include: 

• Allowing Navajo Reservoir to drop below its minimum pool elevation of 5990 feet. When below 
this elevation, which is the minimum elevation for NIIP diversions, the NIIP diversions are turned 
off (set to 0) and the reservoir outflows are set to the 250 cfs minimum. 

• Enhancement of model rules and logic to handle years with very high shortage percentages, 
nearing and up to 100% shortage percentage. 

• Addition of model rules and logic to handle multiple year shortages. Multiple year shortages can 
occur when the model is unable to prevent Navajo Reservoir from dropping below its minimum 
operating pool elevation of 5990 feet, even at very high single year shortage percentages. When 
this happens, the shortage will essentially continue into the next year and the model will 
estimate a shortage percentage to apply to return Navajo Reservoir to a normal operating level. 
This can cause simulated shortages to occur even in years with water supply levels that 
otherwise would be sufficient to fully supply all water uses. An example of a multiple year 
shortage is shown in Figure 3-1 below. 

• Minor modifications to Ridges Basin Reservoir and Heron Reservoir simulation procedures to 
account for very low storage and supply conditions. 
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Figure 3-1: Example of Multi-Year Shortage Handling in SJRIP RiverWare Model. 
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4 RESULTS 

4.1 OVERVIEW 

As shown in Table 2-1 above and discussed previously, six primary climate change scenarios were 
selected for analysis and reporting of key findings in comparison to observed/baseline levels. These six 
climate change scenarios cover two future time periods, representing potential climate conditions 
surrounding the years 2050 and 2070. Within each future time period, three distinct “impact range” 
scenarios are included. The “Center Impacts” scenarios represent the middle ground in terms of the 
hydrologic impacts observed through full set of over 200 climate change projections, reflecting the 50th-
percentile of changes to both CIR and runoff in the given time period. On the hydrologically “less 
severe” side, the “Mid-Low Impacts” scenarios represents the 25th-percentile of CIR changes (meaning 
that 75% of projections showed higher CIR increases), and 75th-percentile of runoff changes (meaning 
that 25% of projections showed higher increases to runoff). Conversely, on the hydrologically “more-
severe” side, the “Mid-High Impacts” scenario represents the 75th-percentile of CIR changes and 25th-
percentile of runoff changes.  

The six primary SJRIP climate change study scenarios are: 

• 2050 Mid-Low Impacts (2575) 
• 2050 Center Impacts (5050) – (This is analogous to the CRWAS-II “Between” scenario) 
• 2050 Mid-High Impacts (7525) – (This is analogous to the CRWAS-II “Hot and Dry” scenario) 
• 2070 Mid-Low Impacts (2575) 
• 2070 Center Impacts (5050) 
• 2070 Mid-High Impacts (7525) 

It is important to note that climate change scenario model results presented here are compared to the 
current SJBHM historical hydrology baseline scenario results, and not to observed historical San Juan 
basin conditions and the past SJRIP flow recommendation performance. 
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4.2 OVERALL WATER SUPPLY TO NAVAJO RESERVOIR AND SAN JUAN RIVER MAINSTEM  

Simulated climate change impacts on overall water supply conditions to Navajo Reservoir and the 
mainstem of the San Juan River are shown in Figure 4-1 and Figure 4-2 below.  

Modeling results for the Center Impact climate change scenario suggest decreases of 12% to average 
annual Navajo Reservoir inflow volumes and 10% to average combined tributary inflows to the 
mainstem of the San Juan River below Navajo Reservoir in the 2050 time period. These decreases are 
slightly higher in the 2070 time period at 16% and 12%. 

The Mid-High Impact scenario shows more severe decreases of 26% to Navajo Reservoir inflows and 
21% to average combined tributary inflows to the mainstem of the San Juan River below Navajo 
Reservoir. The same levels of impact are observed in the 2050 and 2070 time periods for the Mid-High 
Impact Scenario. 

The Mid-Low Impact scenario shows slight-to-modest increases in Navajo Reservoir inflows, at 6% in the 
2050 period and 8% in the 2070 below, and 2% and 6% increases to mainstem San Juan supplies below 
Navajo Reservoir. While these results suggest that there is a possibility of increasing overall water 
supplies under some of the climate projections, the downward trend of the Center Impacts scenario and 
the fact that the relative changes seen in the Mid-High Impact scenario are more severe than that of the 
Mid-Low Impact scenario, it can be inferred that there is a stronger signal for decreasing water supplies 
present in the climate projections. 

It is also notable that the impacts to Navajo Reservoir inflows are consistently higher than the impacts to 
the downstream mainstem San Juan River water supply, irrespective of the direction of change.  
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Figure 4-1: Simulated Climate Change Impacts on Average Annual Navajo Reservoir Inflows. 

 

Figure 4-2: Simulated Climate Change Impacts on Average Annual Inflows to San Juan River Mainstem below Navajo Reservoir. 
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4.3 NAVAJO RESERVOIR OPERATIONS AND CONDITIONS 

Simulated climate change impacts on Navajo Reservoir operations and conditions are shown in Figure 
4-3 and Figure 4-4 below.  

Modeling results for the Center Impact scenario suggest significant decreases in average annual Navajo 
Reservoir outflows, decreasing by 18% in the 2050 period and 23% in the 2070 period. Mid-High Impact 
scenario results suggest even more severe decreases of 33% for both time periods. These decreases in 
outflows represent modestly higher relative decreases than the changes to reservoir inflows shown 
above. This is likely due to decreased water supply conditions leading to more frequent shortages and 
less frequent SJRIP spring peak releases (both presented below), which would both result in decreasing 
reservoir releases.  

Mid-Low Impact scenario results for average annual Navajo Reservoir outflows show 7% and 11% 
increases for the 2050 and 2070 periods, respectively. The Mid-Low Impact results show slightly higher 
relative changes to the outflow than to reservoir inflow shown in the above section, likely due to slight 
increases in supply increasing the ability to meet downstream irrigation demands that may also be 
increasing due to climate impacts. 

Modeling results for average end-of-water-year Navajo Reservoir pool elevation show decreases under 
all climate change scenarios. Center Impact scenario results suggest average decreases of 12 feet in the 
2050 time period and 17 feet in the 2070 period, while Mid-High Impact scenario decreases could be on 
the order of 25 feet. The Mid-Low Impact scenario shows smaller decreases of around 5 feet, although 
this still represents a large volume of water given the reservoir’s size.  

Additionally, Navajo Reservoir evaporation may increase by up to 13% in the 2050 Center Impact 
scenario, while the Mid-High Impact scenarios show smaller increases on the order of 7% due to the 
lower reservoir levels and surface area. 
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Figure 4-3: Simulated Climate Change Impacts on Average Annual Navajo Reservoir Outflow. 

 

Figure 4-4: Simulated Climate Change Impacts on Average End-Of-Water-Year Navajo Reservoir Pool Elevation. 
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4.4 WATER SUPPLY SHORTAGES (SHORTAGE SHARING YEARS) 

Simulated climate change impacts on shortage sharing years is shown in Figure 4-5 below. The current 
baseline scenario simulates the occurrence of only one shortage sharing year during the 85-year 1929-
2013 historical hydrology sequence, which occurs under 2003 hydrology.  

Generally, modeling results suggest that shortage sharing years may become more common under 
climate change with a wide potential range of impacts. The Center Impact scenario suggests that 
shortage years could exceed a 10% frequency in the 2050 time period and exceed 15% in the 2070 
period. The Mid-Low Impact scenario suggests a similar or slightly increased frequency relative to the 
current baseline of around 2-4% of years. Mid-High Impact scenario results suggest that it may not be 
unreasonable to expect that shortages may become as common as around a 1-in-3 years (~33%) average 
occurrence frequency by the 2050 period and remain at similar frequency in the 2070 time period. 

Additionally, modeling results also highlighted the potential for multi-year shortage periods under the 
Center and Mid-High Impact scenarios in both the 2050 and 2070 time periods, suggesting that 
extended dry periods may present significant challenges to basin water managers. 

 

 

Figure 4-5: Simulated Climate Change Impacts on Percentage of Years with Shortage Sharing. 
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4.5 SJRIP SPRING PEAK RELEASES 

Simulated climate change impacts on SJRIP Spring Peak Releases (SPRs) from Navajo Reservoir are 
shown in Figure 4-6, Figure 4-7, and Figure 4-8 below.  

The SJRIP available water computation is used to determine if an SPR will be made if a year, and if so, 
the size and length of the release. Modeling results suggest that average available water volumes could 
decrease substantially under the Center and Mid-High Impact scenarios relative to the current baseline, 
showing respective decreases on the order of 43% to 70% in the 2050 time period and 54% to 71% in 
the 2070 period. However, Mid-Low Impact scenario results show slight increases of around 4-5% 
suggesting the possibility for less severe impacts is not completely out of the question. 

As would be expected, modeling results of potential climate impacts of the percentage of years that 
contain SJRIP Spring Peak Releases are quite similar to the average available water results. The current 
baseline scenario suggests that SPRs may occur in approximately 45% of years. Center Impact scenario 
results suggest that this frequency could decrease to around 25% (1-in-4 years) in both the 2050 and 
2070 time periods, while Mid-High Impact scenario results suggest decreases to around 15% (1-in-6 
years). Mid-Low Impact scenario results suggest that SPR frequency may stay similar to baseline levels. 

The average length of SPR releases is measured by days of 5000 cfs peak release, with current baseline 
results indicating an average peak length of ~60 days. Center Impact scenario results suggest that this 
could decrease by 7 days in the 2050 period and 15 days in the 2070 period, reflecting reduced average 
available water leading to shorter average SPR releases. It should be noted that the average lengths are 
only for years with SPRs, and thus the reduced frequency of occurrence does not impact this metric. 
Mid-High Impact scenario results suggest a decrease of ~16 days in both time periods, while Mid-Low 
Impact scenario results suggest SPR peak release lengths comparable to current baseline conditions.  

 

Figure 4-6: Simulated Climate Change Impacts on Average SJRIP Available Water Determination. 
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Figure 4-7: Simulated Climate Change Impacts on Percentage of Years with SJRIP Spring Peak Releases. 

 

Figure 4-8: Simulated Climate Change Impacts on Average SJRIP Spring Peak Release 5,000 cfs Peak Release Length. 
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4.6 SJRIP FLOW RECOMMENDATIONS PERFORMANCE 

4.6.1 Four Corners >10,000 cfs Target 

Simulated climate change impacts on the 5 days >10,000 cfs at Four Corners flow recommendation 
target are shown in Figure 4-9 and Figure 4-10 below. 

The results suggest that Center Impact scenarios may decrease the percentage of years that the flow 
target is met, however the targets may still be met in slightly over the recommended 20% of years in 
both the 2050 and 2070 time periods. The Mid-High Impact scenario shows the percentage of years the 
target is met decreasing to around 15%. The results of the Mid-Low Impact scenario suggest this target 
could be met in an increasing percentage of years than under the current baseline scenario. 

The maximum years between meeting this target were observed to remain at a similar level than the 
current baseline in the 2050 Center Impact scenario and increase even further above the recommended 
10 year maximum by the 2070 time period, while a similar increase was observed by the 2050 period in 
the Mid-High Impact scenario. The Mid-Low Impact scenario suggests that the number of years between 
meeting the target could decrease relative to the current baseline and approach the maximum years 
recommendation. 
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Figure 4-9: Simulated Climate Change Impacts on % of Years with 5 days >10,000 cfs at Four Corners. 

 

Figure 4-10: Simulated Climate Change Impacts on Years Between Meeting 5 days >10,000 cfs at Four Corners Flow Target. 
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4.6.2 Four Corners >8,000 cfs Target 

Simulated climate change impacts on the 10 days >8,000 cfs at Four Corners flow recommendation 
target are shown in Figure 4-11 and Figure 4-12 below. 

The results suggest that Center Impact scenario climate changes may decrease success in meeting the 
flow target in the recommended 33% of years by the 2050 time frame and continuing through the 2070 
time frame, with targets being met in around 25% of years, while the Mid-High Impact scenarios suggest 
that this could drop to around 15% in both periods. Mid-Low Impact scenario climate changes may lead 
to a similar or slightly increased percentage of years when the target is met than in the current baseline 
in both future time periods suggesting a possibility for continued success in meeting this target under 
less severe climate changes. 

The maximum years between meeting this target were observed to increase significantly over that in the 
current baseline by the 2050 period under the Center Impact scenario, and even further above the 
recommended 6 year maximum by the 2070 time period, while a similar increase was observed by the 
2050 period in the Mid-High Impact scenario. The Mid-Low Impact scenario suggests that the number of 
years between meeting the target could remain relatively constant relative to the current baseline 
through both the 2050 and 2070 periods. 
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Figure 4-11: Simulated Climate Change Impacts on % of Years with 10 days >8,000 cfs at Four Corners. 

 

Figure 4-12: Simulated Climate Change Impacts on Years Between Meeting 10 days >8,000 cfs at Four Corners Flow Target. 
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4.6.3 Four Corners >5,000 cfs Target 

Simulated climate change impacts on the 20 days >5,000 cfs at Four Corners flow recommendation 
target are shown in Figure 4-13 and Figure 4-14 below. 

The results suggest that Center Impact and more severe climate changes may decrease success in 
meeting the flow target in the recommended 50% of years by the 2050 time frame and continuing 
through the 2070 time frame. Mid-Low Impact climate changes may lead to a similar percentage of 
years when the target is met than in the current baseline in both future time periods. 

Similar results are observed for the maximum years between meeting the target, suggesting a 
heightened risk for future periods several times longer than the maximum of 4 years between 
recommendation under the Center Impacts and more severe scenarios. The Mid-Low Impact scenario 
suggests missed target periods similar in length to the current baseline. 
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Figure 4-13: Simulated Climate Change Impacts on % of Years with 20 days >5,000 cfs at Four Corners. 

 

Figure 4-14: Simulated Climate Change Impacts on Years Between Meeting 20 days >5,000 cfs at Four Corners Flow Target. 
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5 CONCLUSIONS 
The overall objective of the San Juan Recovery Implementation Program (SJRIP) climate change study 
was to develop, analyze, and present a reasonable range of the potential impacts that climate changes 
may have on the San Juan River basin’s hydrology and water resource system, and specifically, on the 
SJRIP program. By its very nature, hydrology is a variable and uncertain science, and this becomes even 
more evident when incorporating the variability and uncertainty associated with a changing climate. 
While precise estimates of impacts to any given parameter are unlikely to be accurate, an understanding 
of the general trends and the associated context that can be revealed by an appropriate examination 
can be useful for decision-makers, water managers, and other basin stakeholders.  

Six primary climate change scenarios were developed during this study to provide a reasonable range of 
potential impacts. These scenarios include three relative hydrologic impact levels (Mid-Low, Center, and 
Mid-High) at two future time periods, 2050 (2035-2064) and 2070 (2055-2084). While a wide range of 
uncertainty was observed under many metrics, as was expected, some important results were 
discovered based on the general trends and relative impacts observed in the climate change scenarios. 
These main findings are summarized below. 

• Overall Water Supply to Navajo Reservoir and the San Juan River Mainstem: Modeling results 
suggest that climate change impacts to overall water supplies to Navajo Reservoir and the San 
Juan mainstem could range from slight-to-most increases on the order of 2-8% in the Mid-Low 
Impact scenario to more significant decreases of 21-26% in the Mid-High Impact scenario. The 
Center Impact scenario suggests decreases ranging from 10-16%, with slightly higher impacts 
observed in the 2070 period. While these results suggest that there is a possibility of increasing 
overall water supplies under some of the climate projections, the downward trend of the Center 
Impacts scenario and the fact that the relative changes seen in the Mid-High Impact scenario are 
more severe than that of the Mid-Low Impact scenario, it can be inferred that there is a stronger 
signal for decreasing water supplies present in the climate projections. 

• Navajo Reservoir Operations and Conditions: Average annual Navajo Reservoir outflows may 
decrease significantly under climate change impacts, with the Center Impact scenario showing 
decreases of 18% in the 2050 period and 23% in the 2070 period, while Mid-High Impact 
scenario average outflows decreased by 33%. Mid-Low Impact scenario outflows increased on 
the order of 10% due to the slightly elevated supplies being available to meet increasing 
demands. Navajo Reservoir end-of-water-year pool elevation conditions were observed to 
decrease across all primary climate change scenarios, ranging from -5 feet in the Mid-Low 
Impact scenario to -25 feet in the Mid-High Impact scenario, with the Center Impact scenario 
suggesting decreases of 12 feet in the 2050 time period and 17 feet in the 2070 period. 

• Shortages: The frequency of shortage sharing years was observed to become more common 
under climate change with a wide potential range of impacts. The Center Impact scenario 
suggests that shortage years could exceed a 15% frequency in the 2070 period, while >30% 
frequency was seen in the Mid-High Impact scenario, and a ~3% frequency in the Mid-Low 
Impact scenario. Modeling results also highlighted the potential for multi-year shortage periods 
under the Center and Mid-High Impact scenarios, suggesting that extended dry periods may 
present significant challenges to basin water managers. 
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• SJRIP Spring Peak Releases: The frequency of SJRIP Spring Peak Releases (SPRs) was observed to 
decrease substantially under the Center Impact scenario, to ~25% of years, and even more 
significantly under the Mid-High Impact scenario, to ~15%. The current baseline shows SPRs in 
~45% of years. These changes were driven by similar relative changes in average annual SJRIP 
available water, which also suggests decreases of up to 15 days in average SPR peak 5,000 cfs 
release length from the baseline average length of ~60 days. However, the Mid-Low Impact 
scenario results indicated that SPR frequency and size may remain similar to current baseline 
levels, suggesting the possibility for less severe impacts is not completely out of the question. 

• SJRIP Flow Recommendation Performance: Success in meeting the SJRIP flow recommendation 
targets was observed to be negatively impacted under the Center and Mid-High Impact climate 
change scenarios in the 2050 time period, and further worsened in the 2070 time period. The 
Mid-High Impact scenario tended to suggest levels of impacts in the 2050 period similar to those 
observed in the Center Impact 2070 time period. The Mid-Low Impact scenario was found to 
remain relatively similar or suggest slightly improved flow target performance relative to the 
current baseline. 
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APPENDIX A – DETAILED CLIMATE CHANGE SCENARIO RESULTS 
Detailed SJRIP climate change study results are provided along with this report in the form of the 
standard SJBHM output summary workbooks for the full set of baseline and climate change scenarios. 
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