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ABSTRACT 

Historically, evaporation from lakes and reservoirs in the Truckee-Carson basins has 

been estimated using pan evaporation information, which is widely known to have significant 

uncertainty both in magnitude and timing. Reservoir operations and development of new 

storage and water accounting strategies require more accurate evaporation estimates. The 

objective of this study was to estimate mean monthly and mean annual net open water 

evaporation from lakes and reservoirs in the Truckee-Carson basins from 2000 to 2009 using 

available land-based weather data with a widely accepted approach that is relatively accurate 

on both a seasonal and annual basis. The reservoirs and lakes where evaporation was 

estimated in this report are Stampede, Boca, Prosser, Martis, and Lahontan reservoirs; and 

Lake Tahoe, Donner Lake, and Independence Lake. The Complementary Relationship Lake 

Evaporation (CRLE) model, an open water evaporation model that accounts for water 

temperature, albedo, emissivity, and heat storage effects to produce realistic operational 

estimates of monthly evaporation was used. Because the CRLE is insensitive to differences 

in temperature, humidity, and wind speed from land to water, it overcomes shortcomings of 

other estimation methods requiring accurate over water humidity and wind speed. The CRLE 

model instead relies on the strength of the available energy approach, in which wind speed 

and dewpoint are not used directly. Application of the CRLE model required acquiring local 

weather data (e.g., solar radiation, air temperature, and dewpoint) from weather stations near 

the reservoirs and lakes of interest. Proxies for dewpoint were developed where 

measurements did not exist. These weather variables were input to the CRLE model to 

estimate monthly evaporation from 2000 to 2009 at each water body. Mean monthly 

evaporation during winter and spring periods was adjusted to account for ice cover using ice-

cover observations from satellite images. Net evaporation, defined as the difference between 

ice-cover adjusted evaporation and precipitation, was computed by estimating mean monthly 

PRISM precipitation for each water body. Validation of CRLE-estimated evaporation was 

performed using previous evaporation estimates in Nevada and California. Results of the 

validation show that annual CRLE evaporation estimates are almost entirely within ±10% of 

independent evaporation estimates and generally capture the seasonal trend in evaporation. 

Validation highlighted the CRLE modelôs ability to predict annual and seasonal evaporation 

using limited weather data. While the CRLE model does have limitations, it is the most 

appropriate approach with the current data limitations ï only land based weather data are 

available at this time. Annual and seasonal evaporation estimates from water bodies of 

interest could be improved with the development of a reservoir meteorological network to 

collect data needed in more complex and possibly more accurate approaches.  
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ACRONYMS 
a  = albedo 

Priestly-Taylor coefficient 

AGRIMET = U.S. Bureau of Reclamation Agricultural Weather Network 

ASCE-EWRI = American Society of Civil Engineers ï Environmental Water Resources              

                           Institute 

b1 = calibration constant 

b2 = calibration constant 

CR = Complementary Relationship 

CRAE = Complementary Relationship Areal Evapotranspiration 

CRLE = Complementary Relationship Lake Evaporation 

COOP = Cooperative Station 

 = slope of the saturation vapor pressure curve 

w = wet environment slope of the saturation vapor pressure curve 

ea = mean actual vapor pressure 

es = saturation vapor pressure 

E = evaporation 

EBBR = energy balance Bowen ratio 

Ep = potential evapotranspiration 

ET = evapotranspiration 

Ew = wet environment evaporation 

 = psychrometric constant 

G = heat storage 

GIS = Geographic Information System 

GSOD = Global Summary of the Day 

k = storage constant 

Ko = dewpoint depression 

NASA = National Aeronautics and Space Administration 

NRCS = Natural Resource Conservation Service 

PPT = precipitation 

PRISM = Precipitation Regression on Independent Slopes Model 

RAWS = Remote Automated Weather Station 

Rn = net radiation 

Rs = solar radiation 

Rw = net radiation for a water surface 

SNOTEL = Snow Telemetry 

t = time (months) as a function of salinity and lake depth 

Ta = air temperature 

Tdew = dewpoint temperature 

Tmin = minimum air temperature 

TM = Thematic Mapper 

TROA  = Truckee River Operating Agreement 

USBR = U.S. Bureau of Reclamation 

USCG = U.S. Coast Guard 

USGS = U.S. Geological Survey 
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INTRODUCTION  

Reservoir operations and development of new storage and water accounting strategies 

require estimates of evaporation. Historically, evaporation from lakes and reservoirs has been 

estimated using pan evaporation information, which is widely known to have significant 

uncertainty both in magnitude and timing (Hounam, 1973; Morton, 1979). Evaporation pans 

can over-estimate lake or reservoir evaporation by 25 to 100% when compared to water or 

energy balance estimates of evaporation (Kohler et al., 1959; Sellers, 1965). Heat storage in 

reservoirs can alter both the rate and timing of evaporation, depending on the volume, 

geometry, clarity, and surrounding environment of the water body. For shallow water bodies, 

heat storage impact on seasonal evaporation is minor; however, it can be significant for deep 

water bodies. For example, recent research has found that peak evaporation of Lake Tahoe 

actually occurs from September to November (Trask, 2007), rather than in summer months 

as pan evaporation estimates would suggest. Similar results were found by Allander et al. 

(2009) for Walker Lake, Nevada. Furthermore, freezing conditions limit use of the pan 

evaporation method to less than half of the year in the Truckee-Carson basins. A much more 

serious problem in estimating evaporation over large, open water bodies is the lack of 

available water-based climatological observations. Because of these limitations with pan 

evaporation estimates, a method is desired that is robust, relies on commonly available 

climatological observations, is relatively insensitive to contrasts between open-water and 

land environments, and that accounts for heat storage.  

OBJECTIVE  

Currently, evaporation estimates for lakes and reservoirs in the Truckee-Carson 

basins are based on pan evaporation data. The objective of this study was to estimate mean 

monthly and mean annual net open-water evaporation from lakes and reservoirs in the 

Truckee-Carson basins using available land-based weather data and a widely accepted 

approach that is accurate on both seasonal and annual timescales. The reservoirs and lakes 

where net evaporation estimates are made in this report are Stampede, Boca, Prosser, Martis, 

and Lahontan reservoirs; and Lake Tahoe, Donner Lake, and Independence Lake (Figure 1). 

APPROACH 

Most approaches for estimating open water evaporation are based on the aerodynamic 

mass transfer method, the energy balance Bowen ratio (EBBR), Priestley-Taylor (1972) 

available energy, or on Penmanôs (1948) combination energy-mass transfer methods such as 

those proposed by Harbeck (1962), Kohler and Parmele (1967), and Brutsaert and Yeh 

(1976). There are several limitations in the successful application of these methods when 

over-water weather data is not readily available. For example, over-water wind speed, vapor 

pressure, and water surface temperature must be measured for successful application of 

aerodynamic mass transfer methods. In addition to these requirements, heat advection of both  
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Figure 1. Study area showing reservoirs and lakes for which evaporation estimates are 

made. 

 

into and out of the water body, heat storage, and net radiation must be estimated or measured 

for successful application of the EBBR approach. For operational purposes, where daily or 

even hourly evaporation estimates are needed, the aerodynamic mass transfer approach 

seems most useful, as heat storage is not required, and, overall, it requires the fewest input 
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data of any of these evaporation estimation methods. However, none of these over water 

measurements are currently available for Truckee or Carson open water bodies. The 

aerodynamic mass transfer approach has been compared to energy balance (Harbeck, 1962) 

and eddy covariance Bowen ratio (Allan and Tasumi, 2005) estimates of evaporation with 

much success. A simplified approach combining these estimation methods was developed to 

estimate open water evaporation for practical and operational purposes (Morton, 1983). This 

simplified approach, called the complementary relationship (CR), is based on the combined 

energy and aerodynamic equations with a simple heat storage procedure.  

The CR approach relies on feedbacks between the over-passing air and the 

evaporating surface, and between evaporation (E) and potential evaporation (Ep). Simply 

stated, when there is ample water available, E increases and approaches the Ep. When water 

is limiting and available energy is fairly constant in space, energy that could have been used 

by E is instead used in the production of sensible heat flux; the vapor pressure deficit then 

increases due to reduced E, thus elevating Ep due to hotter and drier air. The CR has been 

extensively applied to estimate open water E and evapotranspiration (ET), and tested against 

energy and water balance estimates of open water E (Morton 1979; Morton 1983a; Morton 

1986) and ET (Morton, 1983b; Brutsaert and Stricker, 1979; Hobbins et al., 2001; Ozdogan 

and Salvucci, 2004; Kahler and Brutsaert, 2006; Yang et al., 2006; Huntington et al., 2011). 

Results from these studies all support a realistic, physical basis of the CR (Szilagyi and 

Jozsa, 2008; Huntington et al., 2011), and many have shown that the CR performs well for 

estimating reservoir and lake evaporation using limited weather data (Morton 1986; Sadek et 

al., 1997; DosReis and Dias, 1998; Jones et al., 2001; Vallet-Coulomb, 2001).  

The concept of the CR, which centers on feedbacks between land and the near-surface 

boundary layer, provides the basis for the Complementary Relationship Areal 

Evapotranspiration model (CRAE) (Morton, 1983b). Changes in land-based measurements of 

temperature and humidity occur as an air mass passes from the land to the open water 

environment. As the air passes from land to water, it becomes cooler and wetter. 

Development of the CRAE model led to a more specific model for open water-evaporation, 

known as the Complementary Relationship Lake Evaporation (CRLE) model (Morton, 

1983a; Morton et al., 1985; Morton, 1986), which accounts for water temperature, albedo, 

emissivity, and heat storage effects for realistic operational estimates of monthly evaporation.  

Mortonôs (1983) CRLE parameterization of Ep and wet environment evaporation (Ew) 

was chosen, as it is less sensitive to uncertainties in dewpoint temperature and open-water 

wind speed than other methods of estimating Ep, such as the Penman (1948) equation. 

Because the CRLE is less sensitive to differences in temperature, humidity, and wind speed 

between land and water, it overcomes shortcomings of the mass transfer method and 

combination approach, and instead relies on the strength of the Priestly-Taylor available 

energy approach, in which wind speed and dewpoint are not used directly. Terms in the 

Priestly-Taylor equation (Priestly and Taylor, 1972) for computing Ew, on which the CRLE 
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approach is based, were calibrated to water budget estimates of evaporation using land-based 

air temperature, dew point temperature, and solar radiation; therefore, it is well suited to be 

applied when no over-water weather data are available, such as in this study. Finally, 

Mortonôs (1983) CRLE parameterization of Ep and Ew has been well-tested and extensively 

applied in operations and modeling of open-water evaporation (Morton, 1986; DosReis and 

Dias, 1998; Sadek et al., 1997; Jones et al., 2001; Vallet-Coulomb et al., 2001).  

METHOD S 

The mathematical formulation of the CRLE model approach is discussed at length in 

Morton (1983a): only a brief summery will be presented below. The CRLE approach uses a 

numerical energy-aerodynamic approach by iteratively solving the energy balance and vapor 

transfer equations for Ep to obtain the equilibrium surface temperature: the surface 

temperature at which the energy balance equation and the vapor transfer equation for a moist 

surface (wet environment) give the same result. The details of this iterative solution are 

described in Morton (1983a, page 22). This wet-environment equilibrium surface 

temperature is then used to compute the slope of the saturation vapor pressure curve in the 

Priestley-Taylor equation. The Priestley-Taylor equation is defined as 

 

 

where  is the Priestley-Taylor coefficient of 1.26 derived from calibration over water and 

ówetô land surfaces,  is the slope of the saturation vapor pressure curve,  is the 

psychometric constant, Rn is the net radiation, and G is the heat storage, such that Rn-G is 

available energy. Notice that the Priestley-Taylor equation does not include a vapor pressure 

deficit term (i.e., saturated vapor pressure, es, minus actual vapor pressure, ea), making it an 

equilibrium, or wet-environment, equation in which advection of energy (hot dry air) over 

the water surface is negligible. However, >1 indicates that regional advection is accounted 

for in the Priestley-Taylor equation; otherwise, if evaporation was strictly limited to the 

available energy, then =1. Morton (1979) identified a few limitations to the direct 

application of the Priestley-Taylor equation to open water bodies: (1) the slope of the vapor 

pressure curve ( ) is a function of surface temperature, so a wet-environment surface 

temperature should be used to compute instead of an arid, land-based air temperature; (2) it 

does not take into account the impact of surface temperature change on net longwave 

radiation loss; and (3) there is no direct method to account for heat storage in this 

formulation. To account for these limitations Morton (1983a) modified the Priestley-Taylor 

equation as  
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where Rw is the net radiation for a water surface in which net longwave radiation loss is 

accounted for (Morton, 1983a), calibration constants b1 and b2 are 13 w/m
2
 and 1.12, 

respectively, and w is the wet-environment slope of the saturation vapor pressure curve 

computed with the wet-environment surface temperature obtained from an iterative solution 

as described above.  

A similar iterative approach for estimating the wet environment surface temperature 

and application of the modified Priestley-Taylor equation with w has shown to improve 

evapotranspiration predictions when compared to regional scale water balance data (Szilagyi 

and Jozsa, 2008) and eddy correlation evapotranspiration data collected in eastern Nevada 

(Huntington et al., 2011). Constants b1 and b2 and constants required to compute Rw were 

calibrated using water-budget estimates of lake evaporation from Pyramid and Winnemucca 

lakes, NV, along with five other lakes in the U.S. The heat storage term (G) is solved for 

using an approach outlined by Morton (1983a, pages 90-92) and Morton (1986, pages 375-

376), in which absorbed short wave solar radiation (Rs*(1-a), where a is the water albedo) is 

lagged by t months as a fraction, where t is a function of salinity and lake depth. A 

hypothetical, linear, heat-storage reservoir is used to lag absorbed shortwave solar radiation, 

similar to the Muskingumôs routing method (DosReis and Dias, 1998). The functions and 

constants for t and storage constant k, outlined by Morton (1986), were developed by 

calibration based on monthly water-balance estimates of evaporation from nine lakes, 

including Pyramid and Walker lakes, NV.  

APPLICATION  

The application and validation of the CRLE model required weather data, including 

solar radiation, air temperature, and dewpoint, which were acquired from weather stations 

near the reservoirs and lakes of interest (Table 1). Figures 2 and 3 illustrate the weather 

stations used to develop input datasets for the CRLE model. Daily measurements of solar 

radiation (Rs), air temperature (Ta), and dew point temperature (Tdew) were acquired and 

checked for quality assurance and control according to Allen (1996) and ASCE-EWRI 

(2005). Table 2 lists the weather station and station variables used for each water body. Only 

three stations ï Lake Tahoe University of California-Davis Coast Guard pier (USCG), 

Truckee Airport Global Summary of the Day (GSOD), and Fallon AGRIMET ï measure 

Tdew; therefore Tdew was estimated at all other weather stations used for the CRLE model 

input (Boca, Donner, Independence Lake Natural Resource Conservation Service [NRCS] 

Snow Telemetry [SNOTEL], Lahontan Dam).  

Tdew is defined as the temperature to which a parcel of air must be cooled to become 

saturated with water vapor. Daily Tmin commonly approaches Tdew due to conditioning of the 

near surface boundary layer from evaporation and transpiration, especially during early 

morning when wind is calm and soil moisture is high. There is seasonality of the mean 

monthly difference between Tmin and Tdew, defined as the dewpoint depression (Ko), as seen in 

Table 3 and Figure 4. For frost and dew (winter and spring) periods Ko<0, while in drier 
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spring and summer periods Ko>0. It is common in arid and semiarid regions to have Tdew of 

2
o
C to 5

o
C below Tmin under relatively well watered conditions (Allen, 1996, ASCE-EWRI 

2005). In this report, mean monthly dewpoint depression was used to estimate humidity of 

the near surface air mass at stations where Tdew is not measured, using Tdew = Tmin - Ko, where 

Tmin is the daily minimum air temperature (
o
C), and Ko is the mean monthly dew point 

depression derived from Truckee GSOD station data (Figure 4, Table 3). The mean monthly 

dewpoint depression for the Truckee GSOD station ranges from -2.1
o
C to 3.3

o
C, with a mean 

annual value of 0.4
o
C. Several recent studies show good skill in estimating evaporation and 

transpiration when using generalized mean monthly dewpoint depression to estimate 

humidity (Crago et al., 2010; Huntington and Allen, 2010). 
  

Table 1.  Weather stations and measured weather variables used for application of the 

CRLE model. 

Weather Station Lat itude Longitude Measured Weather Variables 

used for Application and 

Validation of the CRLE Model 

USCG Tahoe Pier 39.180 -120.120 Rs, Ta, Tdew 

Stampede RAWS 39.483 -120.075 Rs 

Tahoe City COOP 39.168 -120.143 Ta 

Boca COOP 39.389 -120.094 Ta 

Truckee Airport 39.310 -120.130 Ta, Tdew 

Independence NRCS Snotel 39.450 -120.300 Ta 

Donner COOP 39.324 -120.233 Ta 

Lahontan Dam COOP 39.469 -119.064 Ta 

Fallon Agrimet 39.458 -118.774 Rs, Ta, Tdew 

Sutcliff USGS 39.950 -119.610 Ta 

Walker Lake USGS Bowen 38.745 -118.719 Rs, Ta, Tdew 

Tahoe Buoy 1 39.153 -120.000 Ta, Tdew, wind 

Tahoe Buoy 2 39.109 -120.011 Ta, Tdew, wind 

Tahoe Buoy 3 39.110 -120.075 Ta, Tdew, wind 

Tahoe Buoy 4 39.155 -120.072 Ta, Tdew, Tskin, wind 

 

 Due to the lack of Rs measurements, a compiled Rs dataset (Rs from the Stampede 

Remote Automated Weather Stations (RAWS) station from 2000 to 2003, and Rs from the 

USCG station from 2004 to 2009) was used for each of the Truckee River basin water 

bodies. The USCG measured Rs was chosen over Stampede RAWS measured Rs from 2004 

to 2009 due to very poor quality measurements at the Stampede RAWS station in those 

years.  
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Figure 2.  Truckee River basin water bodies and weather stations used for estimating open 

water evaporation. 
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Figure 3. Carson River basin water body and weather stations used for estimating open 

water evaporation. 
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Table 2. Water bodies and respective weather station and weather variables used for CRLE 

modeling. 
Water Body Solar Radiation Station  

(Rs) 

Temperature Station 

for Computing Air 

Temperature (Ta) and 

Dewpoint Temperature 

(Tdew) 

Dewpoint Station (Tdew) for 

Computing Dewpoint 

depression (Ko) 

Lake Tahoe Stampede RAWS (2000-2003) / 

Lake Tahoe UC Davis Coast 

Guard pier (2004-2009) 

Tahoe City COOP Truckee GSOD (2000-2003) / 

Lake Tahoe UC Davis Coast 

Guard pier (2004-2009) 

Boca Stampede RAWS (2000-2003) / 

Lake Tahoe UC Davis Coast 

Guard pier (2004-2009) 

Boca COOP Truckee GSOD 

Stampede Stampede RAWS (2000-2003) / 

Lake Tahoe UC Davis Coast 

Guard pier (2004-2009) 

Boca COOP Truckee GSOD 

Prosser Stampede RAWS (2000-2003) / 

Lake Tahoe UC Davis Coast 

Guard pier (2004-2009) 

Boca COOP Truckee GSOD 

Martis Stampede RAWS (2000-2003) / 

Lake Tahoe UC Davis Coast 

Guard pier (2004-2009) 

Truckee GSOD Truckee GSOD 

Independence Stampede RAWS (2000-2003) / 

Lake Tahoe UC Davis Coast 

Guard pier (2004-2009) 

Independence NRCS 

Snotel 

Truckee GSOD 

Donner Stampede RAWS (2000-2003) / 

Lake Tahoe UC Davis Coast 

Guard pier (2004-2009) 

Donner COOP Truckee GSOD 

Lahontan Fallon AGRIMET (2000-2009) Lahontan Dam COOP Fallon AGRIMET 

 

 
Figure 4. Mean monthly dewpoint depression from the Truckee GSOD airport weather 

station used for estimating dewpoint at water bodies absent of measurements. 
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Table 3. Numeric values of mean monthly dewpoint depression from the Truckee GSOD 

airport weather station used for estimating dewpoint at water bodies absent of 

measurements. 

Month Mean Tmin (C) Mean Tdew (C) Mean Dewpoint 

Depression, Tmin-Tdew (C) 

1 -8.0 -5.9 -2.1 

2 -7.0 -5.5 -1.5 

3 -4.8 -4.6 -0.1 

4 -2.7 -3.2 0.5 

5 1.0 0.4 0.6 

6 3.6 1.9 1.7 

7 6.6 3.8 2.9 

8 5.2 2.0 3.3 

9 1.5 -0.4 1.9 

10 -2.3 -2.7 0.4 

11 -4.8 -4.0 -0.8 

12 -7.3 -5.4 -1.9 
 

 

As a required input parameter in the CRLE model, estimated mean annual (2000 to 

2009) area weighted water depths for Prosser, Martis, Boca, and Stampede reservoirs were 

computed using volume-area-stage relationships obtained from the U.S. Bureau of 

Reclamation (USBR). The average depth of the water body specified in the CRLE model 

assumes a well-mixed water body. In the case of relatively shallow reservoirs and lakes, this 

assumption is likely valid, however, if the water body is very deep or not well mixed, for 

example Lake Tahoe, an effective thermal mixing depth was assumed. The effective thermal 

mixing depth was approximated to be 50 m for Lake Tahoe (Tilzer and Goldman, 1978; 

Dillon and Powel, 1976). The estimated water body depth primarily impacts the timing of 

monthly evaporation, therefore, the seasonality of modeled evaporation rates were compared 

to previous evaporation studies to ensure congruency. For example, Trask (2007) illustrated 

that peak evaporation from Lake Tahoe occurs in September and October due to heat storage. 

The estimated effective thermal mixing depth of 50 m for Lake Tahoe resulted in CRLE 

modeled peak evaporation occurring during this same period.  

As another required input parameter in the CRLE model, average salinities for each 

water body were estimated from web reviews. A summary of water body and respective area 

weighted depths, salinities, altitude, and latitude used as input parameters in the CRLE model 

is shown in Table 4. Because the CRLE model operates at monthly time steps all station data 

was averaged to the month for each year. The following sections describe weather station 

data used for CRLE input for each reservoir and lake, and describe any assumptions made for 

application of the modified Priestly-Taylor equation.  
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Table 4. Summary of the water body and respective area weighted depths, salinities, 

altitude, and latitude used as input parameters in the CRLE model. 
Water Body Water Body 

Latitude  

Water Body 

Altitude (m)  

Area Weighted Mean 

Water Depth (m) 

Total Dissolved 

Solids (mg/L) 

Lake Tahoe 39.05 1,900 50 (assumed effective 

thermal mixing depth) 

60 

Boca 39.40 1,720 8.5 60 

Stampede 39.70 1,814 17.1 60 

Prosser 39.38 1,751 9.4 60 

Martis 39.32 1,776 4 60 

Independence 39.44 2,118 14.6 60 

Donner 39.32 1,823 30 60 

Lahontan 39.46 1,264 7 300 
 

 

Lake Tahoe 

Weather station data used for Lake Tahoe CRLE model input included Rs, Ta, and 

Tdew collected at the Lake Tahoe USCG station from 2000 to 2009. These data were complete 

from 2004 to 2009; however, there were significant missing Tdew measurements before this 

period. Mean monthly dew point depression (Ko=Tmin-Tdew) derived from the Truckee Airport 

GSOD station was used to compute monthly Tdew from 2000 to 2003 as Tdew = Tmin-Ko. USCG 

Rs data from 2000 to 2003 were also missing; therefore, these data were estimated from Rs 

measurements made at the Stampede RAWS station (Figure 2).  

Boca 

Weather station data used for the Boca reservoir CRLE model input included Rs 

measurements from the Stampede RAWS and USCG stations, Ta from the Boca COOP 

weather station, and dew point depression derived from the Truckee Airport GSOD station. 

Monthly Tdew was then computed for Boca reservoir as Tdew = Tmin-Ko.  

Stampede 

Weather station data used for the Stampede reservoir CRLE model input included Rs 

measurements from the Stampede RAWS and USCG stations, Ta from the Boca COOP 

weather station, and dew point depression derived from the Truckee Airport GSOD station. 

Tdew was then computed for Stampede reservoir as Tdew = Tmin-Ko. 

Prosser 

Weather station data used for the Prosser reservoir CRLE model input included Rs 

measurements from the Stampede RAWS and USCG stations, Ta from the Boca weather 

station, and dew point depression derived from the Truckee Airport GSOD station. Monthly 

Tdew was then computed for Prosser reservoir as Tdew = Tmin-Ko. 
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Martis  

Weather station data used for the Martis reservoir CRLE model input included Rs 

measurements from the Stampede RAWS and USCG stations, and Ta and Tdew from the 

Truckee Airport GSOD weather station.  

Independence 

Weather station data used for the Independence reservoir CRLE model input included 

Rs measurements from the Stampede RAWS and USCG stations, Ta from the NRCS 

Independence SNOTEL weather station, and mean monthly dew point depression derived 

from the Truckee Airport GSOD station. Monthly Tdew was then computed for Independence 

reservoir as Tdew = Tmin-Ko. 

Donner 

Weather station data used for the Donner Lake CRLE model input included Rs 

measurements from the Stampede RAWS and USCG stations, Ta from the Donner Lake State 

Park COOP weather station, and mean monthly dew point depression derived from the 

Truckee Airport GSOD station. Monthly Tdew was then computed for Donner Lake as Tdew = 

Tmin-Ko. 

Lahontan 

Weather station data used for the Lahontan reservoir CRLE model input included data 

of Rs from the USBR Fallon AGRIMET station, Ta from the Lahontan Dam COOP weather 

station, and mean monthly dew point depression derived from the USBR Fallon AGRIMET 

station (Figure 3). Monthly Tdew was then computed for Lahontan reservoir as Tdew = Tmin-Ko. 

RESULTS  

Evaporation 

Results of the CRLE modeled evaporation were averaged for each month to compute 

2000 to 2009 mean monthly and mean annual evaporation rates for each water body (Tables 

2, 4, and 5 and Figures 2 and 3). While mean annual evaporation is very similar for Truckee 

River basin water bodies, the timing for each is quite different. Figure 5 illustrates mean 

monthly evaporation for all water bodies, where the impact of water depth or thermal mixing 

depth on evaporation timing is clearly evident from the shift in peak evaporation compared to 

the Boca pan-derived estimate. Lake Tahoe has the largest shift and winter evaporation rate 

due to its large water volume and associated heat storage. In contrast, Martis reservoirôs 

monthly evaporation distribution is similar to the pan-derived estimate due to its shallow 

depth and limited heat storage potential.  
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Table 5. Mean monthly and mean annual evaporation rates (in/month) for each water body 

from 2000 to 2009. 
Water Body Jan Feb Mar  Apr  May Jun Jul Aug Sep Oct Nov Dec Ann 

Boca 1.5 0.9 1.2 1.9 3.3 4.8 6.6 7.2 6.5 5.6 3.9 2.8 46.1 

Martis  0.9 0.9 1.7 2.8 4.7 6.2 7.6 7.3 5.9 4.3 2.5 1.5 46.3 

Prosser 1.5 1.0 1.2 1.8 3.3 4.8 6.6 7.2 6.5 5.6 4.0 2.8 46.1 

Stampede 1.7 1.1 1.2 1.8 3.1 4.5 6.3 7.0 6.5 5.7 4.2 3.1 46.1 

Independence 1.8 1.0 1.1 1.7 3.0 4.5 6.4 7.2 6.7 5.8 4.2 3.1 46.6 

Donner 2.1 1.2 1.2 1.6 2.8 4.1 5.9 6.8 6.6 5.9 4.5 3.4 46.0 

Tahoe 3.4 2.1 1.6 1.5 2.1 3.1 4.7 5.8 6.0 6.0 5.1 4.7 46.0 

Lahontan 1.3 0.9 1.4 2.4 4.2 5.8 7.9 8.1 6.8 5.5 3.5 2.2 50.0 
 

The similarity in mean annual evaporation rate for each water body is primarily due 

to the fact that the same monthly time series of Rs was used as input to the CRLE, with the 

exception of Lahontan reservoir. Vallet-Coulomb et al. (2001) conducted a sensitivity 

analysis of the CRLE model and showed that Rs was the most sensitive input variable, where 

± 10 % error in Rs, Ta, and Tdew produced evaporation-prediction errors of 6.9%, 2.0%, and 

0.4%, respectively. They also showed that CRLE was the least sensitive to input variable 

uncertainties when compared to the energy balance and Penman methods for estimating 

evaporation. Given the lack of measured Rs and other input variables at or near the water 

bodies of interest, using a consistent and quality controlled Rs dataset for all water bodies is 

currently the best option for CRLE input. It should be noted that a unique Rs dataset was 

developed for Lahontan reservoir based on the Fallon AGRIMET station. 

 
Figure 5.  Mean monthly evaporation (2000 to 2009) for all water bodies, where the impact 

of water or thermal mixing depth on the timing of evaporation is clearly evident 

by the lag in evaporation compared to the Boca pan derived estimate. 



 14 

Winter and spring ice cover is common for many of the water bodies in this report; 

therefore, an approach to estimate the period of ice cover for each water body was developed. 

Derecki (1979) made manual observations of ice cover to adjust winter and spring 

evaporation rates. This study used observations of ice cover from satellite images. Over 140 

Landsat Thematic Mapper (TM) images were analyzed in winter, spring, and fall from 1984 

to 2009 to detect ice cover on each water body. This archive of images will be valuable for 

future evaporation work using surface temperature and energy balance approaches. Image 

processing techniques were used to develop reflectance band combinations at 30 m spatial 

resolution such that ice cover was easily detected from simple visual inspection of the images 

(Figure 6). Given the complexity of identifying thin or patchy ice, verses clearly visible and 

consistent ice cover, and the complex nature in the development of an automated image 

classification procedure that accounts for varying water body boundaries, it was assumed that 

the entire water body was ice covered if ice was clearly visible using the Landsat TM 

reflectance band combination of 5, 3, and 2 for red, green, and blue channels. This approach 

is robust because ice or snow is displayed as aqua blue, while ice-free open water is 

displayed as black. For example, Figure 6 illustrates ice cover over Boca and Prosser 

reservoirs, but not Stampede. Figures 7 and 8 illustrate four Landsat TM scenes acquired in 

2007 (January 19, March 24, April 9, May 11), where it is evident from the aqua blue 

coloring that small, low elevation (Martis, Prosser, Boca) and high elevation (Independence 

Lake) water bodies are ice covered (Figure 7). As spring progresses, these water bodies 

become ice free (Figure 8). Table 6 summarizes the percentage of Landsat TM images per 

month with ice cover from 1984 to 2009 for each water body.  

Results indicate that Independence Lake has the longest period of ice cover, followed 

by small and shallow water bodies, including Prosser, Martis, and Boca reservoirs. As 

expected, results indicate that Lake Tahoe and Lahontan reservoir are never ice covered. Ice 

cover percentages in Table 6 were used to reduce respective CRLE modeled evaporation 

rates at each water body by calculating a monthly ice-free fraction and then multiplying that 

fraction by mean monthly evaporation rate for each water body (Table 7, Figure 9). In 

general, the ice-cover adjusted evaporation rates are consistent with what would be expected, 

where evaporation rates from smaller water bodies are reduced due to ice cover, while large 

water bodies with less ice cover show smaller changes in evaporation rates. It should be 

noted that Martis and Prosser reservoirs have 100% ice cover in January, resulting in zero 

evaporation for this month. This evaporation estimate may be biased low, reflecting potential 

inaccuracy in the estimated mean monthly ice cover; however, without any other information 

on the frequency of ice cover, or documented approach for adjusting evaporation due to ice 

cover without weather or water temperature information, this remote sensing approach is 

likely the best at this time.  
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Figure 6.  Landsat TM image acquired on January, 19, 2007 illustrating ice cover over Boca 

and Prosser reservoir. Band combinations of 5, 3, and 2 were used for red, green, 

and blue channels to clearly identify snow cover and ice, seen as aqua blue. 
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Figure 7.  Two Landsat TM scenes acquired in winter (left) and spring (right) of 2007 

(January 19 and March 24), where it is evident that water bodies of Martis, 

Prosser, Boca, and Independence are ice covered during January, and 

Independence Lake has ice cover in March. 
 


































