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Mount Mazama – 
Caldera filled partially  
with water 
 



Pluvial Lake Modoc- 
•  Upper Klamath Lake 
•  Lower Klamath Lake 
•  Tule Lake 



Mt. Shasta 
•  Whitney Glacier 



Klamath River 
Estuary 

“upside-down” 



“upside-down” 



 
•  6 national wildlife refuges  
•  1 national park 
•  2 national monuments 
•  2 federal irrigation projects 
•  5 national forests   
•  Managed by 5 federal 

agencies, 6 federally 
recognized Tribes  

•  2 states, and numerous local 
and private organizations   

•  6 dams while still retaining 
large sections of wild and 
scenic designations 



Management Challenges 
 
•  Interstate watershed 
•  Irrigation diversions 
•  Endangered species recovery 
•  Hydropower production 
•  Water rights adjudication 
•  Tribal treaty rights 
•  Arid headwaters in upper basin 
•  Recreational uses 
•  Compliance with water quality 

criteria 
•  Multiple interrelated and 

coordinated agreements and 
projects 



Agreements: 
 
•  1957- The Klamath River Basin 

Compact  
•  2000- FERC relicensing process was 

initiated for PacifiCorp's Klamath 
River project  

•  2010-The Klamath Basin Restoration 
Agreement (KBRA) 

•  2010-Klamath Hydroelectric 
Settlement Agreement (KHSA) 

•  2014- Upper Klamath Basin 
Comprehensive Agreement (UKBA) 

•  2016- KHSA agreement-in-principle  



Current Issues: 
 
•  2002- Klamath River fish kill 

Low flow of 800 CFS in  
September 1908 (before 
irrigation began) 
 
September of the 2001 
irrigation shut-off, an average 
of 688 CFS 
 
During the 2002 fish kill, 
flows of 475 cubic feet per 
second 
 



Klamath River Basin Study : 
 
•  Evaluate current and projected 

future water supply and demand 
using applied climate change 
science 

•  Identify and evaluate potential 
adaptation strategies which may 
reduce any identified imbalances 

•  The Federal SECURE Water Act of 
2009  

Authorizes Federal water and science 
agencies to work with State and local 
water managers to pursue and protect 
sustainable water supplies and plan for 
future climate change. 



Klamath River Basin Study : 
 
•  Technical Working Group  

•  Bureau of Reclamation 
•  Non-federal cost share partners 

 



Klamath River Basin Study : 
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}  Future Scenario Development 
}  Historical Water Supply 
}  Projected Future Water Supply 
◦  Surface Water 
◦  Groundwater 



}  Future Scenario Development 
◦  Scenario planning approach 
�  Consistent with other basin studies 
�  Both CMIP3- and CMIP5-based projections  
�  GCM projections to derive a smaller number of climate 

change scenarios 
�  Scenarios were generated using a period change  

approach for two future time horizons 
�  2030s (2020-2049) 
�  2070s (2060-2089) 
 



}  Future Scenario Development 
◦  All climate projections over the Klamath River Basin 

suggest a warmer future 
◦  However with a range of drier to wetter conditions, 

compared to history 
�  warm-wet (WW) 
�  warm-dry (WD)  
�  hot-wet (HW) 
�  hot-dry (HD) 
�  central tendency (CT) 
◦  Total of 10 HDe climate scenarios for each of two 

future time horizons 2030s and 2070s 



Mean Ann. Prcp 
+0.8in (+2%) 

Mean Ann. Tavg 
+1.0°F 

Mean Ann. Runoff 
-0.7in (-4%) 

Mean April 1 SWE 
-2.0in (-41%) 

Basin Wide Historical- Mean change over 1950–1999 period (water years) 
 

Of historical Prcp, Tavg, SWE, RO, ET, Soil Moisture, only statistically 
significant trends at 95th percentile level are: 

Ø Tavg (all regions), ET (North Coast Climate Division) 



}  Projected Future Water Supply 
CMIP3 and CMIP5 water balance projections are largely consistent. 
 

2030s 

Prcp, CMIP3 +2.4 % 

Prcp, CMIP5 +4.1 % 

Tavg, CMIP3 +2.2 degF 

Tavg, CMIP5 +2.7 degF 

2070s 

Prcp, CMIP3 +5.2 % 

Prcp, CMIP5 +6.1 % 

Tavg, CMIP3 +4.2 degF 

Tavg, CMIP5 +4.5 degF 



}  Projected Future  
  Water Supply 

Precipitation projections: 
Indicate wetter winters and 
slightly drier summers 
 
Assessment did not include 
changes in extreme precipitation 
events  

Projected increases in 2070 precipitation levels 



}  Projected Future  
  Water Supply 

Figure ES-8. Projected Change in Snowpack  
(Apr 1SWE)  
Comparison of percent change in mean April 1 SWE (Apr1SWE, top row) for the 
central tendency HDe scenarios based on CMIP5.   

Surface water projections: 
 
April 1 SWE:    
-40% (2030s) 
-62% (2070s) 
 
Spring (April – September) 
runoff:  
-25% (2030s) 
-40% (2070s) 
 



}  Projected Future  
  Water Supply 

Figure ES-8. Projected Change in Snowpack  
(Apr 1SWE)  
Comparison of percent change in mean April 1 SWE (Apr1SWE, top row) for the 
central tendency HDe scenarios based on CMIP5.   

Surface water projections: 
 
Both CMIP3- and CMIP5-based 
projections indicate a decrease 
in spring and summer 
streamflow for the 2030s and a 
greater decrease by the 2070s. 



Central Tendency HDe Projections (2030s shown) 
Ø  Despite projected 

increases in Prcp 
(2030s & 2070s), April 1 
SWE is still projected to 
decline, primarily due to 
projected increases in 
mean annual 
temperature (exception: 
Mt Shasta) 

Ø  Mean annual runoff is 
projected to increase in 
the Lower Klamath 
Basin, while changes in 
the Upper Klamath 
Basin vary between 
CMIP3 and CMIP5 both 
in magnitude and 
direction 



}  Projected Future  
   Water Supply 

Groundwater projections: 
 
Upper Klamath Basin:    
+1.8 to 7.8 feet (2030s) 
+4.4 to 8.2 feet (2070s) 
 
 Groundwater 

Models 
 MODFLOW (upper) 
Statistical (Scott & 

Shasta) 



}  Projected Future  
   Water Supply 

Groundwater projections: 
 
Scott Valley (CT):    
+15 feet (2030s) 
+23 feet (2070s) 
 
Shasta Valley (CT): 
+24 feet (2030s) 
+25 feet (2070s) 
 

Groundwater 
Models 

 MODFLOW (upper) 
Statistical (Scott & 

Shasta) 



}  Consumptive 
}  Non-consumptive uses 
}  Projected Future Water Demand 

 



Total consumptive water demand for human uses in 
the basin is about 800 thousand acre-feet/year (TAFY) 
and about 98% of the total human influenced demand 
is for agricultural irrigation. 

Total Consumptive Uses and Losses 
– 2,000 TAFY 

Human Influenced Consumptive 
Uses and Losses - 769 TAFY 

M&I Demand - 9 TAFY 

Rural Domestic Demand - 5 TAFY 

Agricultural Irrigation – 756 TAFY 

Wetland ET 

Reservoir Evaporation 



}  Historical gridded 
climate data set (Maurer 
et al. 2002) bias 
corrected to local 
weather stations 

}  ET Demands calibrated 
to local growing 
patterns 
Ø Green-up 
Ø Harvest 
Ø Senescence 
Ø Freeze 



Central tendency scenario for the 2070s  



Projected Change 
Basin Wide: 
2030s: +10% 
2070s: +14% 



* Net evaporation = Evaporation - Precipitation 

Complementary Relationship Lake 
Evaporation (CRLE) Model 



* Net evaporation = Evaporation - Precipitation 



}  Selected performance measures 
◦  Water Delivery 
◦  Hydroelectric Power Resources 
◦  Recreational Resources (fishing and boating) 
◦  Ecological Resources 
◦  Water Quality (water temperature) 
◦  Flood Control 



Simulations (with historical and future hydrology conditions) 
were performed using existing operational constraints under the 
2013 BiOp for Klamath Project operations, which dictates 
operations throughout the Upper Klamath Basin. 



o  Results of the system risk and reliability 
analysis support the common understanding 
that the Klamath River basin has historically 
experienced difficulties in meeting the range of 
water needs. 

 
o  For example, according to model simulations, 

average annual deliveries to Klamath Project 
irrigators were about 93% of full delivery 
volume (assumed to be 390,000 acre-feet) over 
water years 1970-1999.  

 



 
•  Projected increases in precipitation and flow volumes 

at many locations in the basin as a result of climate 
change alone may reduce water supply gaps in some 
ways. 

•  However, there are projected to be greater challenges 
for ecological resources such as fish and wildlife, as 
well as irrigators in the Upper Klamath Basin. 



◦  A literature review effort identified over 
180 unique adaptation strategies and 
stakeholders provided another 5 
strategies.  These were carried forward 
for evaluation in the screening process.  



Screening process 



◦  Increase Supply 

Additional Surface Water Storage Capacity:  
  
◦  Defined as the incremental “excess water” remaining after 

releases are made to the Klamath Project and to meet 
environmental needs (including instream flow needs in the 
Klamath River and water stored in Upper Klamath Lake to 
maintain elevations).  

◦  Under this strategy, surface water that could be stored for future 
use; however, it is acknowledged that under the current (2013) 
Biological Opinion , this quantity is categorized as environmental 
water. 



◦  Decrease Demand 

Agricultural Water Conservation:  Reductions in agricultural 
water demand might be obtained through canal lining and 
pump operation optimization; crop idling, irrigated land 
retirement and rain-fed agriculture; shifting agricultural 
production to more drought tolerant crops; and, converting 
irrigation systems to more efficient technologies along with the 
use of cover crops to improve soil productivity.   
 



◦  Decrease Demand 

Additional Supply to Upper Klamath Lake. This adaptation 
strategy concept captures the additional 30,000 acre-feet of 
water provided for Upper Klamath Lake in the KHSA, KBRA and 
(UKBA) Upper Klamath Basin Comprehensive Agreement as 
generated by land retirement actions in the Upper Klamath 
Basin.   
 
This strategy also assumes that operating rules are not 
modified to compensate for the additional Upper Klamath Lake 
inflow. 



}  Klamath River water users and stakeholders have long 
have long called for a comprehensive and integrated 
approach to water management to balance the needs of all 
water users. 

}  The Basin Study builds on earlier work and is the next 
significant step in developing a comprehensive knowledge 
base about climate change and suite of tools and options 
that could address the risks posed by Klamath River Basin 
water supply-demand imbalances. 
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