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Executive Summary  
The Souris (Mouse) River originates in the Province of Saskatchewan, passes through the state of North Dakota, 

and then crosses into the Province of Manitoba before joining the Assiniboine River. Unprecedented flooding in 

the basin in 2011 focused attention on review of the operating plan for the Souris River Project. The Souris River 

Project consists of Rafferty Reservoir, Boundary Reservoir and Grant Devine Lake in Canada and Lake Darling in the 

United States (U.S). The reservoirs are primarily operated for flood risk reduction and water supply. The Project’s 

operating plan is contained in Annex A of the 1989 International Agreement between the U.S and Canada. A Plan 

of Study targeted at re-evaluating the Operating Plan for the reservoirs was initiated in 2012. 

Part A of this report presents a portion of the Study’s climate change analysis.  Natural climate variability and the 

potential future impacts of human-driven climate change present a formidable challenge to long-term water 

management plans for the Souris River basin. To better understand and plan for climate variability and change, the 

Study team generated a literature review, conducted statistical analysis of observed hydrometeorological records 

and illustrated the U.S Army Corps of Engineers’ (USACE) Climate Change Hydrology Assessment Tool output 

(CHAT; USACE 2021). The Study team also presented the USACE’s Vulnerability Assessment (VA) Tool output 

(USACE 2016).  

The literature review summarizes recently published, regionally relevant scientific research characterizing the 

effects of human-driven climate change on both observed and projected hydrometeorology.  The literature 

indicates that, based on observation, the climate in the region encompassing the Souris River basin is becoming 

warmer and wetter. Warmer conditions have resulted in earlier spring freshet and later fall freeze-up. There has 

been a steady, observed decline in the ratio of snow to total precipitation. In recent years, some of the highest 

flows have been associated with rain events in late spring/early summer, after snowmelt has occurred.  

A summary of research based on downscaled global climate model (GCM) projections indicates that annual 

temperature and precipitation trends apparent within the observed records are consistent with the projected 

trends found in the literature. Temperature and annual, average precipitation are projected to increase by the end 

of the 21st century. Extreme precipitation and drought frequency are also projected to increase. While summer 

conditions may become drier in the Souris River basin, the possibility remains that extreme flooding may occur as a 

result of increases in extreme storm frequency.  

Statistical tests targeted at detecting trends and nonstationarities were performed on observed streamflow, 

temperature, and precipitation data collected in the Souris River basin. The analysis indicates that there is little 

evidence of nonstationarity or trends in the annual, peak flows recorded along tributaries to the Souris River. For 

the unregulated record derived for the Souris River at Minot, strong evidence of nonstationarity and statistically 

significant increasing trends are found in the annual and seasonal peak streamflow records analyzed.  Observed 

minimum temperatures appear to be increasing indicating that the region is getting “less cold” over the winter and 

spring seasons. Increasing trends are found within both the annual, average 3-day precipitation record and annual, 

cumulative precipitation record at meteorological stations located at Minot, North Dakota and Yellow Grass, 

Saskatchewan. Trends and nonstationarities detected cannot be solely attributed to human-driven climate change.  

This is because of other compounding factors like natural, long-term, persistent climate trends, a high degree of 

naturally occurring hydroclimatic variability and changes in watershed characteristics. The record length of observed 

hydrometeorological data analyzed can also impact the results of trend and nonstationarity analysis.   
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1. Introduction  
This report, Part A – Literature Review and Historical Trends Analysis, summarizes the literature review 

authored by Environment and Climate Change Canada (ECCC) with support in terms of content and review 

provided by the U.S Army Corps of Engineers (USACE). The Part A report also includes the statistical 

analysis jointly produced by the USACE and ECCC, as well as output from the USACE’s Climate Hydrology 

Assessment Tool (CHAT; USACE 2021) and Vulnerability Assessment (VA) Tool (USACE 2016).  

The CHAT and VA tools are web-based tools that rely on widely accepted hydrologic modeling results 

published by a consortium of U.S academic institutions and science agencies and are available at 

https://gdo-dcp.ucllnl.org/ (Bureau of Reclamation et al. 2014). The CHAT and VA tools were first made 

available in 2014 and 2016, respectively, and provide output that supports qualitative, comparative 

evaluations of climate change impacts at a CONUS (continental United States) wide scale. Hydrologic 

modeling applied to support these products was not developed at a resolution analogous to what is being 

proposed as Part B of the climate change report and thus should not be applied in support of quantitative 

assessments of future, climate changed hydrology at a watershed-scale.  

This work was completed for the International Souris River Study Board (ISRSB) in support of the Plan of 

Study (POS) being undertaken to review the operating plan for the Souris River Project reservoirs (Rafferty, 

Boundary, Grant Devine and Lake Darling). The Souris River originates in the province of Saskatchewan, 

flowing through the state of North Dakota, and then crosses back into Canada in the province of Manitoba 

where it joins the Assiniboine River (Figure 1). Its total length is about 700 km (440 miles), with a gross 

draining area of about 61,100 sq. km (23,600 sq. mi.). The river valley is mostly flat and has been 

extensively cultivated. Much of the drainage basin is composed of fertile silt and clay deposited by former 

glacial Lake Souris.  Historically, most of the annual flow in the Souris River has come from snowmelt and 

spring rains. The annual average flow recorded along the Souris River at Melita is about 48 m3/s (1,695 

ft3/s – based on 1993-2015). During the summer months flows at Melita range from a minimum of 0 m3/s 

(0 ft3/s) to a maximum of 759 m3/s (26,804 ft3/s).  

https://gdo-dcp.ucllnl.org/
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Figure 1. The Souris River basin showing the location of streamflow gauging stations and neighboring river basins [Source: Kolars 
et al. (2016)] 

1.1. Purpose 
The purpose of this study was to identify how climate change might be affecting the Souris River basin 

now and in the future by conducting a literature review, carrying out a basic statistical analysis using 

observed, hydrometeorological records,  to evaluate trends in projected climate and provide primary 

assessments on potential climate futures across the transboundary.  In the past, infrastructure 

management and design has been based on the concept that past hydroclimatic records are the best 

indicator of plausible futures. However, it is no longer sufficient to assume that the future climate 

conditions at any given location will be like those experienced in the past. The dynamic nature of climate 

change as it effects on hydrologic processes presents the need to explore whether plans, designs, 

operations, and maintenance based on the principle of stationarity are still valid (e.g., Milly et al. 2008). 

The range of plausible future climates should now be considered in infrastructure management to reduce 

vulnerability and increase resilience (Kotamarthi et al., 2016). By studying evidence of climate change 

already occurring in the basin and examining what the future may hold for the basin, this information can 

be used to make recommendations regarding how the impacts of climate change pertain to the 

International Souris River Study.  
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1.2. Approach 
Appendix A-1 provides for an overview of the originally, proposed approach to evaluating climate 

change impacts in support of the Plan of Study. This report (Part A of the study’s overall climate 

assessment) covers the work conducted by the Historical Analysis and Communication Working Group. 

Climate change analysis was conducted with guidance from the study’s Climate Change Advisory Group 

(CAG).  The Climate Advisory Group consists of core, expert advisors representing both the United States 

and Canada. Advisors provided technical review of both the literature review (Appendix A-2) and the 

statistical analysis (Appendix A-3) presented in this report.  The literature review summarizes recent, 

peer-reviewed research related to trends in historic and projected hydrometeorology. A basic statistical 

analysis was performed to determine trends and nonstationarities in observed streamflow, precipitation 

and temperature records collected in the Souris River basin. USACE climate assessment tools (CHAT and 

VA tool) were applied to provide further insight into future climate change vulnerability. 

2. Literature Review 
The literature reviewed can be broken down into three categories: studies focused on historic trends 

based on observation, research related to long-term naturally occurring variability in climate, and studies 

which rely on analyzing modeled realizations of future hydrometeorology.  Historic trends are analyzed 

to discern evidence pointing to changing conditions. The literature reviewed summarizing trends in 

historic datasets typically rely on daily or monthly timeseries collected at land-based stations located 

throughout the region. The portion of the literature review dedicated to summarizing research related to 

long-term naturally occurring climate trends relies on gaged records, as well as conclusion derived using 

paleoclimate data.   

Future hydrometeorology is typically evaluated using global climate model (GCM) outputs downscaled 

statistically or dynamically. Dynamic downscaling requires the application of regional climate models 

(RCMs). Models are forced using scenarios representing different pathways to a given atmospheric 

concentration of greenhouse gas emissions (GHG). There is a lot of uncertainty associated with the 

projections of future climate due to assumptions inherent to the boundary conditions applied to the 

GCMs, how the GCMs are configured, assumed emission scenarios, and downscaling methods applied. 

For the literature review, much of the information was obtained from regionally relevant resources such 

as Canada’s Changing Climate Report (Bush & Lemmen, 2019), the Fourth U.S National Climate 

Assessment (USGCRP et al., 2018), the 2015 U.S Army Corps of Engineers synthesis of recent U.S climate 

change and hydrology literature applicable to the Souris-Red-Rainy Region (Hydrologic Unit Code (HUC) 

09; (USACE, 2015)) and relevant studies conducted by the U.S Geological Survey (USGS). The following 

sections summarize key conclusions from the literature review. The complete literature review is 

presented in Appendix A-2.  

2.1. Historic trends in precipitation and temperature 
Multiple studies specific to the Red-Rainy-Souris River (HUC-09) basins (USACE, 2015), showed a distinct 

warming trend, especially in the winter and spring seasons.  Notably, a study conducted by Kunkel et al. 

(2013), found that annual average temperatures observed throughout North Dakota have increased faster 

than the rest of the U.S over the past 130 years. Studies conducted at a national scale (Vincent et al., 2015; 

Vose et al., 2017; X. Zhang et al. 2019) examining historical climate trends in both the U.S and Canada also 
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indicate that average annual temperature has been increasing throughout the last century. More detail 

related to the data and period of records used for the referenced analysis is included in Appendix A-2.   

Based on the literature summarized in the USACE literature synthesis (2015) there are conflicting results 
regarding observed precipitation trends in the Souris-Red-Rainy region, with some studies indicating 
increases in total, observed precipitation and extreme events, and other studies suggesting decreases. 
The literature indicates that observed warming has resulted in a decrease in the proportion of 
precipitation falling as snow (i.e., the ratio of snowfall to total precipitation (Vincent et al. 2015). For more 
detail related to the observed precipitation trends found in the literature reviewed see Appendix A-2.  

2.2. Paleoclimate analysis 
There have been four important studies which have examined tree-ring based paleo-hydroclimatology in 

the region encompassing the Souris River basin  (Sauchyn et al., 2020; Vanstone, 2012; Kolars et al., 2016; 

Ryberg et al., 2016).  By analyzing tree-ring records, historic precipitation and streamflow can be 

reconstituted for water years preceding the gauge based period of record. Sauchyn et al. (2020) used tree 

ring data to reconstruct annual flows in the Assiniboine Basin between 1770 and 2017. This study was 

able to demonstrate the considerable decadal variability in river flow and  low flows in the region. 

Vanstone (2012) was able to use paleo records to capture the timing and magnitude of sequential low 

flow years. By using this analysis, Vanstone (2012)  examined drought occurrence prior to the 20th century. 

Vanstone (2012) found that the droughts of the last century 1900-2000 were of less magnitude and were 

short-lived in comparison with some of the multi-year or ‘mega-droughts’ evident earlier in the record.  

The USGS conducted a stochastic modelling study for the Souris River basin to assess long-term climatic 

variability in the watershed and throughout the region (Kolars et al., 2016; Ryberg et al., 2016). Tree-ring 

records from the early 1700s were used as part of the USGS study to gain insight into long-term climate 

trends. The analysis suggests that the climate within the region that encompasses the Devils Lake, Red 

River of the North and Souris River basins fluctuates cyclically between dry and wet climate states within 

any given 100 year subset of the observed hydrometeorological record. As a result, hydroclimatic 

conditions cannot necessarily be considered stationary (Kolars et al., 2016).  A more in-depth discussion 

of these four references is included in Appendix A-2.  

2.3. Projected Future Climate  
Global Climate Models (GCMs) enable atmospheric scientists to model projected, future climate. Although 
there are considerable uncertainties associated with the outputs of GCMs, the projections represent the 
latest actionable science and provide for a physically consistent means of exploring plausible futures. Most 
recent climate change studies rely on output from the GCM experiments carried out as part of the  fifth 
phase of the Coupled Model Intercomparison Project (CMIP5; Taylor et al., 2012). These GCMs rely on 
scenarios representing different pathways to a given atmospheric concentration of greenhouse gas 
emissions (GHG) referred to as representative concentration pathways (RCPs). RCPs describe the change 
in radiative forcing at the end of this century, as compared with pre-industrial conditions. Three of these 
RCPs are most often used: RCP2.6, a low emissions scenario, RCP4.5, a moderate emissions scenario and 
RCP8.5, a high emissions scenario (Van Vuuren D.P. et al., 2011). 
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2.3.1. Projected, Temperature & Precipitation Trends 

Projected Temperature 

Both Canada’s Changing Climate Report (2019) and the Fourth U.S National Assessment (USGCRP et al., 
2017, 2018) indicate that temperatures will warm significantly throughout the next century. Both 
references rely on the CMIP5 model ensemble and analysis produced using at minimum RCPs 4.5 and 8.5. 
For the mid-21st century, 2021-2050, there is little difference in the temperature change driven by the 
different RCPs analyzed (USGCRP et al., 2017, 2018). By the late-21st century, 2071-2100, the results 
derived using RCP 4.5 and 8.5 have diverged significantly (USGCRP et al., 2017, 2018). For the Great Plains 
North region, where the Souris River basin is located, the increase in annual average temperature for the 
mid-21st century is 4.1°F (2.3°C) for RCP4.5 and 5.1°F (2.8°C) for RCP8.5. By the late-21st century, these 
values are 5.4°F (3.0°C) and 9.4°F (5.0°C) for RCP4.5 and RCP8.5, respectively (Vose et al., 2017). See 
Appendix A-2 for more in-depth discussion related to the methods, data and conclusions derived for 
references summarized as part of the literature review.  
 

Projected Average Precipitation 

Studies of projected, average precipitation within the U.S and Canada produced similar results for the 
region encompassing the Souris River basin. All studies of projected average precipitation included in the 
literature review rely on results derived from multi-member ensembles of CMIP5 GCMs. For RCP 8.5, 
annual mean precipitation is projected to increase for both the mid- and late 21st century (Zhang et al. 
2019 and Easterling et al. 2017). Increases in winter precipitation are likely to be most significant, while 
decreases in summer season precipitation are projected towards the end of the 21st century (Zhang et al. 
2019 and Easterling et al. 2017). Easterling et al., 2017 compared RCP 8.5 precipitation projections to 
estimates of natural variability. The analysis indicates that the projected changes in winter precipitation 
for the region encompassing the Souris River basin are large compared to natural variability, while 
projected changes in summer rainfall are smaller than estimates of natural variability. See Appendix A-2 
for more in-depth discussion related to the references reviewed and the methods and data applied as 
part of the summarized studies.  

 

Projected Extreme Precipitation 

In examining extreme precipitation events, using the 29-member ensemble of CMIP5 GCMs and RCP8.5, 
Zhang et al. (2019) determined that extreme (annual maximum 24-hour) precipitation is projected to 
increase in region of Canada encompassing the Souris River basin. Kharin et al. (2013) also studied changes 
in extreme precipitation in Canada and found similar results. By evaluating the change in the 20-year 
return value of annual precipitation maxima between 2046-2065 and the 1986-2005 baseline period for 
RCP4.5, Kharin et al. (2013) found an increase of between 5% and 10% in the projected, 20-year 
precipitation event. Similar trends have been found across the U.S, the frequency and intensity of heavy 
precipitation events have increased more than average precipitation, and they are projected to continue 
to increase over the coming century (USACE, 2015). The largest increases in heavy precipitation events 
above the 99th percentile have occurred in the Midwest and Northeast (Hayhoe et al., 2018). See Appendix 
A-2 for more in-depth discussion related to the references reviewed and the methods and data applied 
as part of the summarized studies. 

2.3.2. Regional Climate Model Based Literature Reviewed 
Many regional impacts assessments require climate information at finer spatial scales than statistical 

downscaling methods can provide. To overcome these discrepancies in scale, dynamic downscaling 

techniques have been developed to translate the GCM output into finer spatial (and sometimes temporal) 
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information suitable for such assessments. Dynamic downscaling is generally undertaken using regional 

climate models (RCM).  There have been several studies which have used RCMs to examine projected, 

climate change impacts in the region encompassing the Souris River basin. RCMs have higher spatial 

resolution than GCMs and are thus able to better represent the underlying topography and are thus able 

to better represent interactions of the atmosphere and land surface. Multiple studies including Wheaton 

et al. (2013), Cohen et al. (2015), Mladjic et al. (2011), Gizaw & Gan, (2016), Mailhot et al. (2012), Bonsal 

et al. (2017), Khaliq et al. (2015) and St. Jacques et al. (2018)  have derived conclusions related to projected 

precipitation and runoff using RCM outputs. The specific region analyzed as part of these study efforts, 

along with the hydrometeorological variables assessed and key results are presented in Table 1. See 

Appendix A-2 for more in-depth discussion related to the references reviewed and the methods and data 

applied as part of the summarized studies. 

Table 1.  Summary Results – RCM based Studies 

Study Region Analyzed Variable (s) Analyzed Key Conclusions 

Wheaton et al. 
(2013) 

Saskatchewan Extreme Precipitation 
& Drought Frequency 

Increases in both Extreme 
Precipitation & Drought Frequency 

Cohen et al. 
(2015) 

Canadian Prairies Runoff Decrease (annual & summer) 

St. Jacques et 
al. (2018) 

South Saskatchewan 
River 

Runoff Variable, increased inter-annual 
variability, earlier spring runoff, drier 
late summer 

Mladjic et al. 
(2011) 

Souris River basin Annual 1-, 3-, 7-day 
Extreme Precipitation 

<10% Change in 20-, 50- & 100-yr 
return intervals 

Mailhot et al. 
(2012) 

Canadian Prairies Extreme Precipitation 
(annual maximum) 

Increase (frequency & intensity) 

Gizaw & Gan 
(2016) 

Bow, Oldman, Red & 
Deer River Basins 
(Southern Alberta) 

Extreme Precipitation 
Indices (May-August) 

Increase (frequency & intensity) 

Bonsal et al. 
(2017) 

Oldman River & 
Swift Current Creek 
(Canadian Prairies) 

Drought Frequency Variable Results 

Khaliq et al. 
(2015) 

Souris River basin  Seasonal & Extreme 
Precipitation (10-, 30-
,50-yr Rainfall Events) 

Increase in both Rainfall and Snowfall 
Driven Precipitation Extremes. Less 
confidence in snowfall driven trends 

 

2.4. Summary and Conclusions 
Th literature review conducted for the Souris River basin focuses on summarizing regionally relevant 

trends in observed data, as well as future projections of precipitation, temperature and streamflow. The 

main findings are summarized in Table 2, Table 3, and  
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Table 4.  It should be noted that many of the conclusions are taken from regional scale studies which 

encompass the Souris River basin. Making use of analysis conducted on a larger, regional scale is 

necessary because there are not many Souris River basin specific studies available.  

 
Observations show that the annual-average climate of the region encompassing the Souris River basin is 
becoming warmer and wetter. Annual, spring, summer and fall precipitation is increasing, however, some 
decreases in winter precipitation have been observed. Warmer conditions have resulted in earlier spring 
snowmelt and later fall freeze-up. There has been a steady, observed decline in the ratio of snow to total 
precipitation, indicating that  annual high flows are changing from being primarily snowmelt driven, to 
being more frequently driven by rainfall events.-. Natural variability, as illustrated in the observational 
record and in climate reconstructions using paleorecords, also plays an important role in the climate of 
the Souris River basin.  
 
In general, GCM/RCM based projections indicate that recent, historic trends in temperatures and annual 
precipitation will continue into the future.  Both the frequency and intensity of extreme precipitation 
events are projected to increase. While summer conditions may become drier in the Souris River basin 
towards the end of the century, the possibility remains that extreme flooding may occur as a result of 
increased storm frequency and the associated precipitation volumes. 
 
Table 2. Main Conclusions- Trends in Historic & future Temperature Conditions in the Souris River basin 

Variable Historic Observations Future Projections 

 
 
 
 

Temperature 

 
 
Direction: 

 

Greatest warming in winter 
and spring in Souris River 
basin 
 

Level of 
confidence: HIGH 
 
 
Direction: 

 

 
 
 
Increase, regardless of 
RCP  
 
Substantial increase in 
warm seasons 

Spring warming occurring 
earlier 
 

Later first freeze in fall 
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Table 3.  Main Conclusions- Trends in Historic & future Precipitation Conditions in the Souris River basin 

Variable Observations Future Projections 

Precipitation 
 

 
Direction: 
 
 

Annual, spring, summer and 
fall precipitation has 
increased 

Level of confidence: 
MEDIUM 
 
Direction: 
 

Annual average 
precipitation 
projected to increase, 
with larger increase in 
winter precipitation 
towards end of 
century 
 

 
Direction: 
 

Decline in Canadian Prairies 
in winter 

Level of confidence: 
MEDIUM 
 
Direction: 
 

Slight decline in 
summer precipitation, 
particularly under 
moderate to high 
emissions scenarios 
 

 
Direction: 
 

Ratio of snowfall to total 
precipitation steadily and 
significantly decreasing 

Level of confidence: 
HIGH 
 
Direction: 
 

Extreme precipitation 
to increase 
 
Increases in heaviest 
precipitation amounts 
 
Increases in extreme 
precipitation, even 
where total 
precipitation 
projected to decrease 
 
Precipitation intensity 
projected to increase 
 

 Canada: no detectable 
trends in short duration 
extreme precipitation, 
although more stations 
indicate an increase, rather 
than a decrease, in 
maximum 1-day 
precipitation each year 
 

 
Direction: 
 

U.S: increase in intensity 
and frequency of heavy 
precipitation events 

Level of confidence: 
LOW 
 
Direction: 
 

Mesoscale convective 
system storm 
frequency, 
precipitation volumes 
and storm areal extent 
to increase 
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Table 4. Main Conclusions- Trends in Historic & future Streamflow Conditions in the Souris River basin 

Variable Observations Future Projections 

 
Streamflow 

 
Direction: 
 

No significant trends in 
central prairies, although 
increases in annual 
discharge in North Dakota, 
southern and northern 
Manitoba 
 

Level of confidence: 
MEDIUM 
 
Direction: 
 

Total runoff indicates 
increasing inter-
annual variability 
 

 
Direction: 
 

Summer flow generally 
declining 
 

Level of confidence: 
MEDIUM 
 
Direction: 
 

Drier late summer 

 
Direction: 
 

Spring peak flow occurring 
earlier 
 

Level of confidence: 
HIGH 
 
Direction: 
 
 

Earlier spring runoff 

 

3. Nonstationarity Detection and Trend Analysis 
To better understand how climate change may be impacting hydrometeorological records collected in the 

study area and to compliment the literature review, observed streamflow, precipitation and temperature 

records were analyzed for trends and nonstationarities.  The methodologies used were based on the U.S 

Army Corps of Engineers (USACE) Guidance for Incorporating Climate Change Impacts to Inland Hydrology 

in Civil Works Studies (ECB-2018-14), as well as USACE Engineering Technical Letter (ETL) on Guidance for 

Detection of Non-stationarities in Annual Maximum Discharges (ETL-1100-3). Analysis and results are 

presented in Appendix A-3.  

Observed U.S streamflow data is obtained from the U.S Geological Survey (USGS), while hydrometric 

observations in Canada were made available through the Water Survey of Canada (WSC). In order to 

assess trends at Minot, an unregulated (naturalized) flow sequence was used, based on the HH1 Regional 

and Reconstructed Hydrology estimates. Additionally, as a part of HH1, all streamflow records for gauges 

in the study area were extended back to 1930, if necessary. Observed precipitation and temperature data 

in North Dakota is obtained from the National Centers for Environmental Information (NCEI) (See  LaZerte 

& Albers, 2018; Menne et al., 2012a, 2012b, 2012c), the Iowa Environmental Mesonet (IEM) and North 

Dakota Automated Surface Observing System (ASOS) network (Iowa Environmental Mesonet" Iowa State 

University, North Dakota ASOS, 2019). The temperature and precipitation data in Saskatchewan are 

obtained from the National Climate Data Archive of Environmental Climate Change Canada (Canada, 

2019).  
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Two USACE web-based tools, the Time Series Toolbox (USACE, 2020b) and the USACE Nonstationarity 

Detection Tool  (NSD) (USACE, 2020a), are used to apply twelve statistical tests to evaluate the data being 

analyzed for nonstationarities and trends. Nonstationarities are defined as strong if they demonstrate 

consensus between statistical tests, a degree of robustness in results implied by multiple tests targeted 

at different statistical properties identifying the same changepoint year and a significant shift in the 

magnitude of the mean and/or variance. The statistical methods applied by the NSD tool are used to 

assess observed, peak streamflow datasets collected up to water year 2014. The Time Series Toolbox (TST) 

is used to analyze streamflow datasets up to water year 2017 and meteorological records through 2018. 

For all hydrologic analysis, the period of analysis for the Plan of Study is 1930-2017. Datasets are analyzed 

for trends using both the full period of record of data available, as well as the portion of the period of 

record after any identified strong nonstationarities. More detail related to statistical methods applied by 

the tools can be found in Appendix A-3.  

3.1. Streamflow 
The USACE NSD tool is used to carry out an analysis of trends and nonstationarities in observed, annual 

peak streamflow records recorded at three, relatively “pristine,” long-term tributary gauge sites in the 

U.S. The USACE TST is applied to evaluate trends and nonstationarities in annual peak data based on the 

observed streamflow record recorded on the Antler River in Manitoba and to conduct analysis, based on 

the reconstructed unregulated annual peak streamflow record for the mainstem of the Souris River at 

Minot, North Dakota. 

They tributary gauges included in the analysis are: 

- USGS gauge 05120500, Wintering River near Karlsruhe, North Dakota;  

- USGS gauge 05113600, Long Creek near Noonan, North Dakota;  

- USGS gauge 04116500, Des Lacs River at Foxholm, North Dakota; 

- WSC  gauge 05NF002, Antler River near Melita, Manitoba 

USGS gauge 05120500, located along the Wintering River near Karlsruhe, North Dakota has a continuous 

period of record of 1937 to the present year (2019) and captures a drainage area of 705 square miles or 

1,826 km2, of which 420 square miles or 1,088 km2 is estimated as non-contributing. As part of the Souris 

River Plan of Study, this streamflow record was extended back to 1930 using the methods outlined in the 

HH1 product. For the Wintering record, two periods of record are analyzed for trends and 

nonstationarities in annual peak flows: the gauged period of record of 1937-2014 included in the NSD tool 

and the back-extended record based on the reconstructed hydrology product (HH1), which has a period 

of record of 1930-2017. The reconstructed period of record from 1930-2017 is used to analyze peak 

seasonal flows and average annual/seasonal flows at this location. 

USGS gauge 05113600 is located along the Long Creek near Noonan, North Dakota, upstream of Boundary 

Reservoir. The Noonan gauge has a continuous period of record of 1960 to the present year (2019) and 

captures a drainage area of 1,790 square miles or 4,636 km2, of which 1,160 square miles or 3004 km2 is 

estimated as non-contributing.  USGS gauge 04116500 is located on the Des Lacs River at Foxholm, North 

Dakota and has a continuous period of record of 1946 to the present year (2019). The gauge at Foxholm 

captures a drainage area of 936 square miles or 2,424 km2 of which 400 square miles or 1,036 km2 is non-

contributing. The Des Lacs River above Foxholm is impacted by the Des Lacs National Wildlife Refuge 

(NWR) structures. However, it is unlikely that these structures have a substantial impact on flows because 
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control is limited, and the impoundments are not currently operated for flood control. WSC gauge 

05NF002 is located on Antler River near Melita, Manitoba. The Melita gauge has been operated since 

1943.  The Melita gauge captures a drainage area of 3,220 km2 or 1,243 square miles.  

The USACE TST is also applied to determine whether non-stationarities and trends are present within the 

annual spring, summer and fall streamflow peaks recorded along the Wintering River, the Antler River and 

the unregulated record approximated for the Souris River at Minot, North Dakota. Winter flows are not 

assessed because flows over the winter months are not large enough to be operationally significant due 

to frozen conditions. In addition to evaluating annual and seasonal peak streamflow records for trends 

and nonstationarities, the TST was applied to evaluate average annual and average seasonal streamflow 

records. Average annual and average seasonal streamflow records are evaluated for the Wintering River 

near Karlsruhe, North Dakota, the unregulated record generated for the Souris River at Minot, North 

Dakota and for the Antler River near Melita, Manitoba.  

3.1.1. Results 
Detailed results are included in Appendix A-3. No strong nonstationarities or trends are identified within 

the gauged annual peak flow records observed along the Wintering River (1937-2014), Long Creek or the 

Des Lacs River. A summary of the nonstationarity detection and trend analysis results for the 

reconstructed Wintering River (1930-2017) record, observed Antler River data and unregulated record 

at Minot are displayed in Table 5. 

Table 5. Summary of Nonstationarity Detection and Trend Analysis Results- Streamflow 

 

1The record analyzed for Minot, North Dakota has been reconstructed as part of HH1 to represent unregulated basin conditions. The Wintering 

River record was back extended to 1930 as part of HH1. The gauged record on the Wintering River only starts in 1937.    

3.1.2. Conclusions 
Of the five locations for which annual peak flows were analyzed, only one record demonstrates evidence 

of an increasing trend corresponding to a strong nonstationarity (Souris River at Minot). None of the three 

peak annual spring streamflow datasets analyzed present evidence of both nonstationarities and trends. 

An increasing trend is observed in peak fall flows collected along the Souris River at Minot and the 

Wintering River. A statistically significant nonstationarity in the fall peak streamflow record is observed in 

the forties at both locations. Both locations also exhibit a statistically significant increasing trend within 

their peak, summer streamflow records. The summer peak streamflow record for the Wintering River 
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contains evidence of nonstationarity in 1992. The unregulated, summer peak streamflow record 

approximated for the Souris River at Minot presents evidence of a strong nonstationarity in 1942.  

Both the annual, average streamflow record recorded along the Wintering River and the approximation 

of annual, average unregulated flows generated for Minot exhibit strong evidence of  increasing trends. 

There is evidence of strong nonstationarities in the early forties. Nonstationarities and increasing trends 

are also identified in average spring, summer and fall flows at both locations. For more detail related to 

nonstationarity and trend detection analysis results see Appendix A-3.  

3.2. Temperature  
The USACE TST is used to assess temperature records for statistically significant trends and strong 

evidence of nonstationarity. Data collected at the NCEI’s Minot Experimental Station, North Dakota 

(Menne et al., 2012a) is used to assess trends and nonstationarities in observed maximum and minimum 

annual temperatures, as well as seasonal variation in temperature extremes in the U.S portion of the 

basin. The station has a daily period of record from June 1905 to present (2019). Data from 1905 is 

excluded from analysis because the temperature record only starts in June of 1905 for the Minot 

Experimental Station. More detail related to the temperature dataset used for analysis can be found in 

Appendix A-3.  

Observed, daily, average temperature data is not available at the Minot Experimental Station, so the 

Minot International Airport Station is used to analyze average temperature records. Trends and 

nonstationarity analysis is carried out for annual and seasonal average temperature records in the U.S 

portion of the basin. One hour temperature data from the Iowa Environment Mesonet (Iowa 

Environmental Mesonet" Iowa State University, North Dakota ASOS, 2019) is used to calculate average 

annual, daily temperatures at the Minot International Airport. More detail related to the temperature 

dataset used for analysis can be found in Appendix A-3.  

The ECCC Yellow Grass climate station (located in Saskatchewan) is used to assess trends and 

nonstationarities in maximum and minimum observed temperatures in the Canadian portion of the basin. 

An assessment of average temperatures is not carried out for a gauge in the Canadian part of the basin. 

The Yellow Grass climate station is located approximately 50 miles southeast of Regina, Canada, within 

the Souris River basin. The station has a period of record spanning from August 1, 1911 to present. Data 

is available from the Canadian Historical Climate Data Archive (Canada, 2019). More detail related to the 

temperature dataset used for analysis can be found in Appendix A-3.  

3.2.1. Results 
Table 6 and Table 7 summarize the results derived by applying the nonstationarity and trend analysis tests 

annually and seasonally for minimum, maximum and average temperatures.  
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Table 6. Summary of Nonstationarity Detection and Trend Analysis Results- Temperature Extremes 

 

Table 7. Summary of Nonstationarity Detection and Trend Analysis Results- Average Temperature 

 

3.2.2. Conclusions 
At both the Minot and Yellow Grass meteorological stations, minimum temperatures are increasing 

annually and for all seasons except the fall. Only the record at Minot exhibits evidence of nonstationarity 

(annually and in summer and winter).  Increasing minimum temperatures indicates that the region is 

getting “less cold.”  

At Minot, annual and summer maximum temperatures present statistically significant decreasing trends 

and corresponding nonstationarities. At Yellow Grass Station there is no evidence of trends and 

nonstationarities occurring concurrently in any of the maximum temperature timeseries analyzed. There 

is a statistically significant increasing trend in average annual, spring, summer and winter temperatures 

at Minot, but a strong nonstationarity is only detected in springtime, average temperatures.  

Trend Trend Nonstationarity

Maximum Annual Temperature Decreasing None None

Maximum Fall Temperature None Increasing None

Maximum Spring Temperature None None None

Maximum Summer Temperature Decreasing None None

Maximum Winter Temperature Decreasing None 1986

Trend Trend Nonstationarity

Minimum Annual Temperature Increasing Increasing None

Minimum Fall Temperature None None None

Minimum Spring Temperature Increasing None None

Minimum Summer Temperature Increasing Increasing None

Minimum Winter Temperature Increasing Increasing None

1929, 2004

1939

None

None

1939

Variable

Minimum Temperature Assessment

Minot Experimental Station, ND Yellow Grass Station, SK

1906-2018 1912-2018

Nonstationarity

1994

1942

None

1912-1918

Nonstationarity

1942

None

Summary: First Order Statistical Analysis Temperature Trends

Variable

Maximum Temperature Assessment 

Minot Experimental Station, ND Yellow Grass Station, SK

1906-2018

Trend Nonstationarity

Average Annual Temperature Increasing None

Average Fall Temperature None None

Average Spring Temperature Increasing 1975

Average Summer Temperature Increasing None

Average Winter Temperature Increasing None

1949-2018

Summary: First Order Statistical Analysis Average Temperature Trends 

Variable

Average Temperature Assessment

Minot International Airport Station, ND
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3.3. Precipitation  
Trends and nonstationarities in precipitation are analyzed using the daily precipitation timeseries 

recorded at the Minot Experimental station and ECCC precipitation timeseries reported by the Yellow 

Grass climate station. The Minot Experimental station reports daily, precipitation totals between June 

1905 and present. Data is analyzed annually and seasonally from 1906 to 2018. The Yellow Grass, 

Saskatchewan station’s precipitation record extends between 1912 and 2018. More detail related to the 

precipitation datasets used for analysis can be found in Appendix A-3. 

3.3.1. Results 
The USACE TST is used to detect nonstationarities and trends in the annual cumulative, annual maximum 

3-day and average 3-day precipitation records collected for the Minot and Yellow Grass stations. Results 

are summarized in Table 8.  

Table 8.  Summary of Nonstationarity Detection and Trend Analysis Results – Precipitation  

 

3.3.2. Conclusion 
An increasing trend and a statistically significant, strong nonstationarity (1962) are found within both 

the annual average 3-day precipitation record and annual cumulative precipitation record at Minot. The 

Yellow Grass records also exhibit increases in annual average 3-day precipitation and annual cumulative 

precipitation. No trends or nonstationarities are present when maximum 3-day precipitation timeseries 

is assessed at either the Minot Experimental station or the Yellow Grass station 

3.4. Summary 
Nonstationarities and trends detected may be indicative of the impacts of human-driven climate change 

in the Souris River basin; however, it is difficult to conclusively attribute detected trends and 

nonstationarities to human-driven climate due to other compounding factors like natural, long-term, 

persistent climate trends, naturally occurring hydroclimatic variability and changes in watershed 

characteristics. The record length of observed hydrometeorological data is also a factor in assessing trends 

at a climatic scale.  

There are few strong, statistically significant nonstationarities or trends in the annual peak flows recorded 

at the pristine, tributary gauges analyzed. This implies that flows recorded along tributaries to the Souris 

River represent relatively, homogenous conditions throughout their periods of record.  More trends and 

strong nonstationarities are detected in summer and fall peak streamflows collected along the Wintering 

River and approximated for the Souris River at Minot (unregulated) then in annual spring peak flows. 

Relative to the number of trends and nonstationarities detected in peak flows, there appears to be more 

statistically significant trends and strong nonstationarities in average streamflow. Minimum temperatures 

Trend Nonstationarity Trend Nonstationarity

Annual 3-Day Average Precipitation Increasing 1962 Increasing None

Annual 3-Day Maximum Precipitation None None None None

Annual Cumulative Precipitation Increasing 1962 Increasing None

Summary: First Order Statistical Analysis Precipitation Trends

Variable

Minot Experimental Station, ND Yellow Grass Station, SK

1906-2018 1912-2018
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appear to be increasing indicating that the region is getting “less cold” over the winter and spring seasons. 

A statistically significant increasing trend is found within both the annual average 3-day precipitation 

records and annual cumulative precipitation records at Minot and Yellow Grass meteorological stations. 

4. USACE Watershed Climate Change Vulnerability Assessment  
The USACE Watershed Climate Vulnerability Assessment (VA) Tool (USACE 2016) facilitates a screening 

level, comparative assessment of how vulnerable a given HUC-4 watershed is to the impacts of climate 

change relative to the other 201 HUC-4 watersheds within the continental United States (CONUS). The 

VA tool only applies to the U.S portion of the Souris River basin (HUC 0901). Thus, results outlined here 

are a proxy for the entire basin. The total drainage area of the Souris River Basin upstream of Westhope, 

North Dakota is 16, 630 square miles (43, 073 square kilometers). About 53% of the drainage area (8,732 

square miles/ 22,619 square kilometers) falls within the United States and is thus covered by the VA 

tool. About 47% of the drainage area is north of the Canadian border (7,898 square miles/ 20,454 square 

kilometers). The VA tool analyses are built on existing, widely accepted national-level (CONUS) tools and 

data. The tool itself has been widely applied since 2016 and was reviewed both internally and externally 

to the USACE.  

The VA tool uses the Weighted Order Weighted Average (WOWA) method to represent a composite 

index of how vulnerable a given HUC-4 watershed is to climate change specific to a given USACE 

business line. In support of the Plan of Study, VA tool output is produced for the Flood Risk Reduction 

business line because managing flood risk is one of the primary operating objectives of the Souris River 

Project. Water Supply is also important to the operation of the Souris River Project, but the Water 

Supply vulnerability is not computed by the VA Tool for the Souris River basin (HUC 0901). 

When assessing future risk projected by climate change, the VA Tool makes an assessment for two 30-

year epochs of analysis centered in 2050 and 2085. These two periods were selected to be consistent 

with many of the other national and international analyses. The tool relies on output from GCM 

simulations from the Coupled Model Intercomparison Project, Phase 5 (CMIP5).  Meteorological data 

projected by the GCMs and downscaled using the bias corrected spatial downscaling (BCSD) method is 

translated into runoff using the Variable Infiltration Capacity (VIC) macroscale hydrologic model.  

The VIC model results incorporated in the tool are part of datasets developed by a consortium of U.S 

science agencies and academic institutions to be used in support of a wide range of hydrologic impact 

assessments (e.g., from local daily floods to regional multi-year droughts) (Bureau of Reclamation, et al. 

2014). These datasets are hosted at the Lawrence Livermore Green Data Oasis website (https://gdo-

dcp.ucllnl.org/). The hydrologic data inputs incorporated into the tool were generated to facilitate 

comparative analysis at a CONUS-wide scale. The data inputs were not formulated to facilitate 

quantitative impact analyses at a watershed or sub-watershed scale without further vetting or post-

processing. The VIC product (without further modeling/post-processing) applied within the VA tool does 

not have the same utility as the dataset that would be produced if the methods presented in the Part B 

climate report were applied.  

Ninety-three traces of climate changed hydrometeorology per watershed per epoch are analyzed. Only 

output reflective of climate changed hydrometeorology within the CONUS is used to compute 

vulnerability scores for the Souris River basin. Traces are produced using an ensemble of 30 GCM models 

run assuming RCPs 2.6, 4.5, 6.0 and/or 8.5. The top 50% of the traces by streamflow volume are called 
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“wet” and the bottom 50% of traces are called “dry.” For this assessment the default, National 

Standards Settings are used to carry out the assessment. 

As can be seen in Figure 2, indicators considered within the WOWA score for Flood Risk Reduction 

include: the acres of urban area within the floodplain, the coefficient of variation in cumulative annual 

flow, runoff elasticity (ratio of streamflow runoff change to precipitation change), and two indicators of 

flood magnification (indicator of how much high flows are projected to change overtime). The primary 

indicator variable contributing to the flood risk reduction business line vulnerability score for the Souris 

River basin is cumulative flood magnification. The flood magnification factor represents how flood flow 

(i.e., the monthly flow exceeded 10% of the time) is predicted to change in the future. 

The USACE watershed Climate VA Tool indicates that, relative to other basins in the CONUS, the U.S 

portion Souris River basin (HUC 0901) is not relatively vulnerable to the impacts of climate change on 

flood risk.  This is not to say that climate change will not impact the basin’s hydrology in an operationally 

significant way. The tool only provides for a means of performing a qualitative, relative assessment 

across the CONUS using uniformly produced baseline datasets and metrics.  

 

Figure 2. Climate Change Vulnerability Score for the U.S portion of the Souris River (HUC 0901) with Respect to Flood Risk. Pie 
charts represents the percentage each weighted, indicator variable contributes to vulnerability score (not to be interpreted as a 
% change in quantitative results). Weightings are defined by the tool’s default national standard settings. The circled portion of 
the map represents the portion of the Souris River basin used for analysis (entire U.S portion of the basin).  

5. USACE Climate Hydrology Assessment for Projected Data 
The USACE Climate Hydrology Assessment Tool (CHAT) is a published product (est. in 2014) which is 

applied qualitatively to assess trends in projected future climate-changed hydrology. The CHAT tool 

provides for a visualization of data outputs and trends in projected annual maximum mean monthly 

flows for 8-digit HUCs across the United States.  
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5.1. CHAT Tool Background 

The CHAT (USACE 2021) uses output from Global Climate Model (GCM) simulations from the Coupled 

Model Intercomparison Project, Phase 5 (CMIP5). CMIP5 GCM meteorological data outputs are 

statistically downscaled to a spatial scale relevant to water resources decision-making using the 

Localized Constructed Analogs (LOCA) method (Pierce, Cayan, and Thrasher 2014).  

Meteorological outputs are translated into a hydrologic response using the VIC macroscale hydrology 

model (Liang et al. 1994). The datasets of downscaled climate projections and simulated hydrology 

(Reclamation et al., 2020) used in CHAT are also hosted at Lawrence Livermore Green Data Oasis 

website (https://gdo-dcp.ucllnl.org/). The hydrologic data inputs incorporated into the tool were 

generated to facilitate analysis at a CONUS-wide scale.  The VIC model applied represents unregulated 

and largely uncalibrated areal hydrology across the CONUS. As VIC is applied to generate CONUS-wide 

projections of climate changed hydrology, some important hydrological processes in the basin such as 

the complex dynamics of the fill and spill hydrologic processes specific to the Souris River basin, blowing 

snow sublimation and redistribution are not captured by the model. Although the VIC product can be 

applied to support screening-level risk assessments and comparative analysis that can be used to help 

inform decision making, it should not be applied to evaluate project specific design criteria or to produce 

numerical results to be used in support of alternative evaluation without further post-processing and/or 

model modifications. It does not provide for a substitute for a basin specific modeling approach such as 

is outlined in the Climate Analysis Report Part B.  

Areal runoff from VIC is routed through the stream network using the mizuRoute (Mizukami et al. 2016) 

routing network. The range of results as indicated by the yellow area in Figure 4 and Figure 5 is 

indicative of the uncertainty in the projected climate-changed hydrology of this dataset. Sources of 

uncertainty that contribute to the spread of ensemble members in this dataset include the 32 GCMs and 

two emissions scenarios. The magnitude of change being projected and whether that change will be 

operationally significant in the context of water resources decision making cannot be discerned from the 

results presented in this section.  

Future, climate-changed hydrology is based on the outputs of 32 different GCMs run using RCPs 4.5 and 

8.5. Future projections for 2006 to 2099 are compared to modeled, historic period model simulations for 

1950 through 2005. For the historic simulation period, meteorological conditions are also derived from 

GCM outputs, but greenhouse gas emissions are assumed to be equivalent to reconstructed, historic 

levels.  

Within the CHAT output is displayed by HUC-08 watershed (see Figure 3). Output represents runoff from 

the drainage area of all upstream HUC-08s, as well as the HUC-08 selected for analysis. HUC-08 

watersheds located along the U.S international borders with Canada are truncated at the U.S border. 

Consequently, flow magnitudes reported by the tool only reflect runoff generated within the U.S. CHAT 

output is displayed for the Des Lacs Watershed (HUC 09010002) and Willow Creek (HUC 09010004) 

watersheds because their watershed boundaries fall almost entirely within the U.S (see Figure 3). For 

the Des Lacs Watershed, 98% of the watershed falls within the U.S (1,035 sq. miles/2,682 sq. km) and 

2% of the drainage area falls within Canada (22 sq. miles/57 sq. km). For the Willow Creek Watershed, 

96% of the watershed falls within the U.S (1,721 sq. miles/4,458 sq. km) and 4% of the drainage area 

falls within Canada (74 sq. miles/191 sq. km).    
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Figure 3. CHAT HUC 08 Watersheds
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The CHAT tool provides aggregate statistics (i.e., inter-model/scenario minimum, maximum and mean) 

for annual-maximum average monthly flows. The tool also evaluates whether there is evidence of a 

statistically significant trend in the mean of the 64 simulated timeseries for both the historic simulation 

period (i.e., water years 1951-2005) and the projected future simulation period (i.e., water years 2006-

2099). The tool presents a regression line and its associated adjusted R-squared value for each subset of 

data, as well an evaluation of whether the indicated trendline is statistically significant. The 

directionality of the trend is defined using both the slope of the regression line and by evaluating Sen’s 

slope.  The statistical significance of the trendline is evaluated using the student t-test, the Mann-

Kendall test, and the Spearman Rank-Order test. For the t-test, Mann-Kendall test and Spearman Rank-

Order test, CHAT uses a default significance level of 0.05, in alignment with ETL 1100-2-3 (USACE 2017), 

indicating that p-values less than or equal to 0.05 will be considered significant. Model results should be 

interpreted in terms of the directionality and significance of trends present within the data presented. 

By displaying the range of outputs produced using the different GCM-RCP combinations some of the 

considerable uncertainty associated with climate change projections is revealed. The output does not 

offer insight into the magnitude of change that can be anticipated in the future.  

5.2. CHAT Output  

Figure 4 and Figure 5 display the range of streamflow projections generated by the ensemble of CMIP-5 

outputs included in the CHAT using the VIC model. In Table 9, the statistical significance of a trend in the 

mean annual maximum of the average monthly streamflow from the 64 traces of climate-changed 

hydrology is presented for both the historic simulation period and projected period. Whether the slope 

of the trendline is positive or negative is used to identify the directionality of any statistically significant 

detected trends in the ensemble mean. However, these changes need to be considered in the context of 

how they were derived.  As noted, the VIC model was not calibrated and adjusted for the local hydrology 

of the basin. Calibration shortcomings may be important and significantly impact the accuracy of the 
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climate changed hydrology being produced.  None-the-less, Table 9, Figure 4 and Figure 5 provide an 

illustration of potential future conditions presented within the CHAT tool.   

 

Figure 4. Annual Maximum of Average Monthly Streamflows Range and mean from the 64 Climate-Changed Hydrology Models 
– Des Lacs River Watershed (U.S portion only). 
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Figure 5. Annual Maximum of Average Monthly Streamflows Range and mean from the 64 Climate-Changed Hydrology Models 
–Willow Creek Watershed. (U.S Portion only) 

Table 9. Summary of Climate-changed hydrology (CHAT Results) trend analysis of ensemble means.  

  Historic Simulation Period (1950-2005) 
Projected Future Simulation Period 

 (2006-2099) 

 
HUC-4 

 
Selected HUC-8 

P-value 

Trend 

P-value 

Trend/Slope Sign Mann-
Kendall 

Spearman 
Rank-
Order 

t-
Test 

Mann-
Kendall 

Spearman 
Rank-
Order 

t-Test 

0901 
09010002 0.32 0.35 0.24 NONE <0.0001 <0.0001 <0.0001 /+ 

09010004 0.97 0.97 0.96 NONE 0.004 0.004 0.0004 /+ 

5.3. CHAT Tool Results Summary 

For both HUC-08 watersheds analyzed there is not evidence of statistically significant trends in the 

historic simulation period (1950-2005). For the projected, future period the HUC-08s show strong 

evidence of increasing streamflow by the end of the 21st century. Output from the CHAT provides some 

preliminary insight into how climate change may impact flows in the Souris River basin over the next 

century. However, the datasets the CHAT relies on do not provide full coverage of the Canadian portion 

of the Souris River basin.  

The CHAT presents unregulated streamflow response, and the Souris is a highly regulated basin. 

Additionally, the products presented within the CHAT are developed at a CONUS-wide scale and thus the 

hydrologic modeling conducted is not finely calibrated to the precipitation-runoff response in the Souris 

River basin. The hydrologic model also does not properly account for some of the most important 
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hydrological processes in the Souris River basin such as blowing snow redistribution and sublimation. A 

CONUS wide approach to model configuration and calibration was applied to generate the VIC model to 

produce a uniform, baseline dataset across the United States.  

Part B of the Climate Change Analysis report lays out the groundwork for developing climate changed 

hydrology specific to the Souris River basin. Part B presents a modeling framework that could be built 

upon to facilitate an evaluation of both unregulated and regulated streamflow response in the study 

area. The work presented in Part B should be applied as a starting point for a future analysis to better 

understand how climate change will impact operations of the Souris River Project in the future.  

6. Overall Summary  
To identify the implications of changing hydroclimatic conditions in the Souris River basin to flood control 

and water supply operations, the Study undertook a comprehensive review of recently published 

literature summarizing regional trends in observed and projected hydrometeorological datasets. The 

literature review also addresses long-term trends in the region’s climate by summarizing regionally 

specific investigations of paleoclimate. In addition to summarizing research conducted by others, the 

Study team assessed trends and nonstationarities in observed data collected in the Souris River basin, and 

presented results produced using the published, reviewed, and widely applied USACE CHAT (updated in 

2021, est. 2014) and VA tools (est. 2014)  

The review of recently published literature summarizing regional trends in historic temperatures and 

precipitation data, as well as an assessment of trends in observed meteorological data collected in the 

Souris River basin, indicate that that minimum and average temperatures in the Souris River basin have 

been increasing. Both the literature review and observed precipitation records also point to increasing 

precipitation trends.  However, how this translates into a change in the observed, runoff response is less 

clear. Both the literature reviewed and an investigation of trends and nonstationarities in observed 

streamflow in the Souris River basin presented variable results.  Based on the literature review, warmer 

conditions have resulted in earlier spring freshet and later fall freeze-up in the region encompassing the 

Souris River basin. There has been a steady, observed decline in the ratio of snow to total precipitation. 

In recent years, some of the highest flows have been associated with rain events in late spring/early 

summer, after the peak runoff from snowmelt.  In addition, the observed hydrometeorological record and 

paleoclimate data specific to the region presents evidence of long-term persistent climate trends and 

significant natural variability in the region’s hydroclimate.  

The literature reviewed and the observed precipitation data analyzed indicate mixed results with regards 

to trends in historically observed, extreme precipitation event magnitudes.  The literature review indicates 

that based on an evaluation of numerous GCM based study results, the frequency of extreme precipitation 

events, as well as drought intensity and frequency are projected to increase in in the future.  Analysis 

reviewed focused on analyzing trends in projected hydrology offer mixed results. It is difficult to develop 

conclusions related to projected streamflow response because of the substantial uncertainties associated 

with modeling climate changed hydrology.  

How human-driven climate change will impact the basin’s hydrology is highly uncertain. Both natural 

variability and the ambiguity associated with how human driven climate change will impact basin 

hydrology presents a challenge to generating an effective and sustainable long-term plan for water 

management in the basin.    
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7. Residual Risk Due to Climate Change 
The overall objective of the Souris River Plan of Study is to review the Operating Plan for the Souris River 
Project. The current operating plan is contained in Annex A of the 1989 International Agreement 
between the United States and Canada. Article V of the Agreement requires that the Operating Plan be 
reviewed periodically to maximize the provision of flood control and water supply benefits that can be 
provided. During the Plan of Study, proposed revisions to the operating plan were formulated during a 
five phase process.  The final phase of analysis consisted of fully vetting the proposed changes to the 
operating plan and demonstrating their ability to improve hydrologic conditions in the basin in terms of 
ease of operation, flood risk management and water supply under current basin conditions. The final 
array of proposed modifications to the operating plan consists of:  

 Winter Drawdown Extension to March 1: This alternative consists of extending the normal 

drawdown period to March 1. Under the current operating agreement, operators release flows 

from the dams to reach the normal drawdown target elevation by February 1. 

 Winter Drawdown Targets: This alternative consists of using antecedent, fall moisture 

conditions to dictate normal drawdown target pool elevations. Two proposed sets of drawdown 

targets are suggested. Option 1 is targeted at conserving water supply. Option 2 is targeted at 

improving river water quality. Option 1 target pools are higher than Option 2 target pools. 

Currently, the pools are drawn down to the same target elevation by February 1 each year.  

o For dry antecedent conditions, both Option 1 and 2 would require less drawdown than 

what is required by the current operating plan.  

o For normal fall conditions, Option 1 requires less drawdown. Option 2 applies the 

winter drawdown targets currently required by the Agreement.  

o When the preceding fall is wetter than normal, Option 1 is equivalent to the current 

operating plan. Option 2 requires that the pools be drawn down below the current, 

normal, February 1 targets.  

 Lower Spring Maximum Flow Limits: This alternative consists of reducing maximum allowable 

May flows at the reservoir control points of Sherwood, North Dakota and Minot, North Dakota 

during non-flood and small to moderate flood years.  

 Summer Operations: As part of this alternative, summer maximum allowable flows at the 

critical reservoir control points at Sherwood, North Dakota and Minot, North Dakota are defined 

based on pool elevation. Currently, summer operations for the Souris River Project are not well 

defined. Two options are being proposed for summer operations: 

o Option 1 gives more flexibility to reservoir operators, allowing for higher releases at 

lower pool elevations relative to Option 2.  

o Option 2 gives less flexibility to reservoir operators, requiring a more rigid release 

schedule during summer flood events relative to Option 1.  

o Both options require lower summer maximum allowable flows than what is currently 

required by the Agreement when the reservoir pools are near Full Supply Level (normal 

summer pool). 

 Apportionment Year Shift: Currently, water is apportioned to the United States from the 

Canadian reservoirs to support water supply based upon the amount of flow that would reach 

Sherwood, North Dakota under unregulated conditions between January 1 and December 31. 

There is interest in shifting the portion of the year used in apportionment calculations to 

November 1 through October 31.  
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o This would allow drawdown releases from the Canadian reservoirs between November 

1 and December 31 to be counted towards their apportionment obligation to the U.S. 

o This would result in a more gradual release of water from the Saskatchewan reservoirs 

during the winter months but may shift the timing of delivery of apportioned water to 

the United States and reduce the share of apportioned water that can be stored in Lake 

Darling. 

When deciding which of these alternatives to incorporate into a fully developed update to the operating 

plan, potential climate change impacts should be taken into consideration. It is recommended that in 

the future, the numerical modeling proposed as Part B of the Climate Analysis be fully developed and 

applied to provide quantitative insight into how climate change may affect current and proposed 

operations of the Souris River Project (Rafferty, Grant Devine, Boundary and Lake Darling). To support 

the need for additional analysis and continue hydrometeorological monitoring, a qualitative assessment 

of residual risk due to climate change using a weight of evidence approach is presented based on the 

findings of the Part A Climate Change Analysis.   

Residual risk due to climate change refers to the potential negative effects that climate change will have 

on Souris River Project operations with and without the proposed changes to the operating plan. Risk 

accounts for the probability of occurrence, as well as the associated consequences.  Residual risk due to 

climate change for alternatives being considered is defined in terms of increased risk relative to present 

day operations. Identified risk provides for an indication of whether or not the alternative being 

proposed will exacerbate, alleviate or have a neutral effect when enacted in conjunction with climate 

change effects on the Souris River Project. 

Based on the literature reviewed and the increasing trends found in the observed, peak flow records 

analyzed, there is some evidence indicating that the Souris River basin will be wetter in the future. The 

literature reviewed and temperature records analyzed both indicate that climate change will likely cause 

a shift in seasonality in the Souris River basin in the future. Trends in observed minimum and average 

temperatures, as well as the literature reviewed, indicate that the basin will likely get drier and drought 

frequency is likely to increase in the future. Increases in drought intensity and frequency has the 

potential to create a risk to future water supply.  The Souris River Project is an important source of flood 

risk reduction and water supply in the basin. Climate Change has the potential to increase future flood 

risk and stress on water supply, relative to present day conditions.  

Although potential, climate change impacts to the moderate to high flow regime could impact future 

Souris River Project operations, the changes being proposed as part of the Study to the operating plan’s 

maximum allowable spring and summertime flow limits are very unlikely to exacerbate or alleviate the 

effects of the projected potential increase in the frequency of high flow conditions. The focus of these 

alternatives is on reducing the impacts of small-scale, localized flooding. Maximum allowable flow limits 

during moderate to large flood events will remain unchanged relative to present-day operations. 

Climate change may induce additional effects on the application of this alternative, but to fully 

understand how climate change would effect the efficacy of this alternative, Souris River basin specific 

modeling of climate change would have to be conducted as outlined in the Part B Climate analysis 

report. 

Modifying the normal winter drawdown targets to be dependent on antecedent moisture conditions 

adds flexibility to the operating plan. Giving operators more flexibility will make the operating plan more 
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robust in response to potential changes in future conditions. Should this alternative be adopted, the 

efficacy of the methodology used to determine basin conditions in the fall and how this relates to spring 

runoff conditions should be evaluated over time. This need is amplified in the face of nonstationary 

climate conditions. To fully understand how climate change would impact the effects of modifying the 

drawdown targets, Souris River basin specific modeling of climate change would have to be conducted 

as outlined in the Part B Climate analysis report. The potential effects of climate change on this 

alternative also further highlights the need for continued support of hydrometeorological monitoring 

(see the Climate Change Section of the Final Plan of Study Report, as well as Findings 3, 4, and 5 Section 

9.2.3 of the Final Report). 

By shifting the start of the apportionment year to November 1, fall drawdown releases from 

Saskatchewan reservoirs are counted towards the U.S. water supply apportionment. This allows for a 

more gradual release of water over the winter months and simplifies water management operations in 

Saskatchewan. This can result in slightly more water to be held in Grant Devine Lake (Saskatchewan) 

when a dry year follows a wet year and slightly less water held in Lake Darling (North Dakota). Climate 

change is projected to increase the frequency of dry years, thus potentially placing increased stress on 

the basin’s water supply. Appendix F: Phase 5 Alternatives of the overall study report indicates that this 

alternative does not significantly impact water supply (maximum change in reservoir storage of 

approximately 7% based on both the observed flow record and stochastically generated 1,000 year 

simulation (USGS HH2 product) produced by re-sampling from historic meteorological records) in 

Canada and the U.S and effects would further be reduced if changes are made to winter drawdown 

targets, thus the residual risk due to climate change relative to current operations can be classified as 

likely low. However, this alternative could benefit from additional evaluation using climate changed 

hydrology using the methodology outlined in the Part B Climate analysis report.    

Because many of the operating alternatives being proposed are tied to the spring melt it will be 

important to consider how shifts in seasonality due to climate change might impact the proposed 

changes to operation.  As an example, extending the winter drawdown to March 1 is being proposed to 

maintain flow in the month of February. A shift in the timing of spring snowmelt could have an impact 

on this alternative. As described in more detail in Appendix F: Phase 5 Alternatives of the overall Study 

report, to date, spring snowmelt has only occurred once prior to March 15 above Rafferty Reservoir. 

Historically, spring snowmelt has never occurred prior to March 15 above Grant Devine. An early, 

February melt occurred between the Canadian reservoirs and Lake Darling was recorded once prior to 

March 1, but besides that occurrence it has not happened prior to March 15. For climate change to have 

an impact on the effect of this alternative, the timing of the melt would have to shift over two weeks. 

This magnitude of change will take time to occur, and thus can be monitored for. To fully understand 

how the timing of the melt will shift in the future due to climate change and thus to understand the 

residual risk due to climate change that this alternative presents more confidently, modeling of climate 

changed hydrology specific to the Souris River basin would have to be conducted as outlined in the Part 

B Climate analysis report. The potential effects of climate change on this alternative also further 

highlights the need for continued support of hydrometeorological monitoring (see the Climate Change 

Section of the Final Plan of Study Report, as well as Findings 3, 4, and 5 Section 9.2.3 of the Final 

Report). 

Based on the qualitative assessment presented in this report, it was found that climate change has the 

potential to increase future flood risk and to stress future water supply in the basin.  In general our 
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qualitative assessment identifies the need for future analysis to better understand climate change 

impacts and highlights the importance of incorporating adaptive management into the operating plan 

being proposed (see Chapter 8 of the Overall Plan of Study Report). As stated in Chapter 8 of the Plan of 

Study Report, ““Successful implementation of an adaptive management strategy requires a commitment 

to: … assessing performance and incorporating new science as it becomes available.”  

The groundwork for future analysis has already been laid out by ECCC and is presented in Part B of the 

Climate Change Analysis Report. By incorporating an adaptive management approach (see Chapter 8 of 

the Final Study Report), the operation of the system will be able to better respond to what potential 

changes may occur in the future as a result of climate change. There is considerable uncertainty 

surrounding whether or not a change will materialize in the near-term and if such changes will be 

operationally significant. Thus, at present it is appropriate to advocate for future study and to continue 

to dedicate resources to hydrometeorological monitoring (see the Climate Change Section of the Final 

Plan of Study Report, as well as Findings 3, 4, and 5 Section 9.2.3 of the Final Report).  
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