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Why monitor reservoir evaporation?

“…, in dry periods, when water supplies are already reduced, 
evaporation rates are higher and the effect of the evaporation 
loss becomes a significant item in any Texas water-supply 
analysis.”

- Bulletin 6006, Texas Board of Water Engineers, May 1960
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Evaporative loss and water use
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Reservoir evaporative water loss (188 reservoirs, TWDB internal report) vs. statewide municipal water use data 
(http://www.twdb.texas.gov/waterplanning/waterusesurvey/estimates/data/2017TexasWaterUseEstimatesSummary.
pdf?d=7692.909999983385)
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Net reservoir 
evaporation was 
117% of 
municipal water 
use. 

Presenter
Presentation Notes
2011: Net reservoir evaporation was approximately 117% of statewide municipal water use. 

2011 4.97 (m. use, MAF) 6130.40 (m. use, million m3) 5.83 (net evap MAF) 7191.19 (net evap, million m3)

http://www.twdb.texas.gov/waterplanning/waterusesurvey/estimates/data/2017TexasWaterUseEstimatesSummary.pdf?d=7692.909999983385


Coastal petro-chemical industry: surface water use
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Water use by coastal petro-chemical industries vs. 
statewide net reservoir evaporation 
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• Average statewide net reservoir evaporation (2010–2018): 2660 million m3

• Average annual (2010–2018) surface water diversions (use) by petro-chemical 
industries on the Texas energy coast: ~1460 million m3.  (~50% of evap. loss!)

Presenter
Presentation Notes
Accurate estimates of reservoir evaporation are important for determining water availability, which has far-reaching implications for not only the municipal, agricultural, and industrial sectors of Texas but also for national security, given the water-reliant petroleum mining and production facilities located in Texas that accounted for ~40 percent of total U.S. crude oil production in 2018. 

Water use by petro-chemical industries located along Texas’ energy coast. These are based on self-reported water use data collect by the TWDB. The chart shows water use from surface water reservoirs and run of river systems. 






Statutory requirements and data use
Relevant statutes
• Texas Water Code (TWC) 16.012 – studies, investigations, surveys
• TWC 16.051 and TWC 16.053 – state and regional water planning

Data application
• Texas Water Availability Models (.EVA input file) 

– Water rights permitting
– Regional water planning (50-year water availability assessment)

• Specialized studies
– Feasibility of lake evaporation suppression – Lake Arrowhead (2014‒2015)
– Statewide evaporative water loss

• Engineering designs and Reservoir operation

Presenter
Presentation Notes
16.012: development of a statewide water resource data collection and dissemination network. 16.012 of the Texas Water Code requires the TWDB to undertake studies on the occurrence, quantity, quality, and availability of water resources in the state; cooperate with other entities in the state to develop a statewide water resource data collection and dissemination network, and collect, receive, analyze, process, and facilitate access to basic data and summary information on water resources in the state. 

1960: publication of 1⁰ x 1 ⁰ quadrangular evaporation dataset for 1940–1957, and first statewide annual lake evaporation map.

1967: Report 64 on Monthly Reservoir Evaporation Rates for Texas from 1940 through 1965. 

1975: Report 192 on Evaporation data in Texas: Compilation Report from January 1907‒ December 1970. 

16.051 and 16.053> evaporation data used as input to the WAMs that were developed subsequent to the passage of SB1 in 1997.

16.055 > Drought Preparedness Council (information on drought and water supply conditions) 

Evaporation is a major component of water loss from Texas reservoirs and is an important factor that needs to be accounted for in reservoir operations and in developing water availability models (WAM) for river basins in Texas. The WAMs are used for regional water planning in the state. The Texas Water Development Board has been compiling and providing precipitation and reservoir evaporation data since 1998 to make available the data needed for developing the WAM models, and to fulfil precipitation and lake evaporation data requests from the general public.

WRAP model uses monthly evaporation to calculate firm yield and availability
If evaporation data are biased high, less water is available for uninterruptible supplies
If evaporation data are biased low, firm yield is too high and critical infrastructure is at risk




Reservoir evaporation data provision
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https://waterdatafortexas.org/lake-evaporation-rainfall

Presenter
Presentation Notes
1⁰x1⁰ reservoir net and gross evaporation dataset (also rainfall) from 1954 to the present (2018). Updates with 2019 data around April. 

https://waterdatafortexas.org/lake-evaporation-rainfall


Current monitoring network and challenges

Based on 2018 data:
• 18 TWDB coop sites
• 82 NCEI/NWS sites

Presenter
Presentation Notes
Recently obtained pan data along Rio Grande from Mexico, big gap along the mid-Rio Grande valley region (Maverick county).

Class A pans have large uncertainties and limited coverage
Current pan-to-lake coefficients are based on observations that are more than 60 years old and represent a sparse sampling of measurements sites at the time. 



Challenge: pan-to-lake coefficients

• Coefficients are based on a few 
isopleths of mean seasonal 
evaporation over Texas

• Season: May–October
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Presenter
Presentation Notes
Pan-to-lake coefficient* is applied to quadrangular data 

How representative are these coefficients of regional circulation/micro-meteorology?
Are these coefficients still valid? Reassessment of these coefficients is sorely needed. 



	(*The coefficient was developed by TDWR staff in 1980s, based on NOAA Technical Report NWS 33, 1982)




Uncertainty in evaporation estimates
Causes 
• Technology used (i.e., Class A pans)
• Gaps in spatial coverage
• Issues with QA/QC of the NCEI data
• Spatial data interpolation

Implication
• Estimates of water availability included in regional and state water 

plans have large uncertainty. 



Planned enhancements to network (2020‒2022)
• Directly measure open water evaporation  

– 4 buoy stations (Desert Research Institute)
– 1 Collison Floating Evaporation Pan (Agua del Sol Consultants, LLC)

• QC buoys with floating pan stations and floating eddy covariance station

• Upgrade and improve existing network of Class A pans

• Install new Class A pans in monitoring “holes”

• Develop new pan-to-lake coefficients

• Compute reservoir evaporation from meteorological data at Class A pans and 
TexMesonet (www.texmesonet.org) sites

• Provide near real-time evaporative loss estimates for monitored reservoirs 
and provide data at http://www.waterdatafortexas.org/reservoirs/statewide

Presenter
Presentation Notes
Buoys and CFEP: This work is an extension of recent reservoir evaporation monitoring sponsored by Reclamation for reservoirs in AZ, CA, OR, NV, and NM. 

Upgrades to pans: automated data readings and pan refills, supplemental meteorological measurements

CRLE: compute monthly lake evaporation for lakes with data buoys deployed through the project
USWB: Compute daily reservoir evaporation at all upgrade and new pan evaporation sites/. Identify currently unmonitored regions of the state where computed evaporation could be applied to estimate reservoir evaporative loss. 

http://www.texmesonet.org/
http://www.waterdatafortexas.org/reservoirs/statewide


Planned enhancements to network: cont.



Buoy stations: configuration and locations

Data
• Air temperature/humidity
• Wind speed/direction
• Net radiation
• Barometric pressure
• Water surface temperature
• Water column temperature

Locations
• Lake Meredith (Canadian, USBR)
• Lake Buchanan (Lower Colorado, LCRA)
• Red Bluff Reservoir (Pecos, Red Bluff Water Power Control 

District)
• Choke Canyon (Nueces, USBR) 



QC for open water evaporation
Deployment
• Collison Floating Evaporation 

Pan at Twin Buttes (USBR) 
reservoir

– Quarterly flux chamber 
measurements

– Meteorological 
instrumentation

• Eddy covariance system 
(left) at rotating locations

– Lake Limestone (Brazos, 
BRA) current deployment

Pyranometer Net radiometer
Eddy 
covariance 
sensor

2 meter air 
temp, pressure, 
wind speed, 
humidity

Air temperature

Precipitation

Motion 
sensors

Water 
temperatur
e sensors 
(5 depths)

3 m air temp/RH

1 m air temp/RH

Presenter
Presentation Notes
Buoy measurement of open water



Long-term evaporation monitoring plan
• Add in a few more buoy stations to capture hydroclimatic and topographic 

variability.

• Maintain new buoy stations to obtain a 5-year minimum data record.

• Continue partnership with the OpenET network > provide in-situ buoy data to  
measure lake energy balance and validate remotely-sensed lake temperature 
estimates. 

• Compute evaporation using TexMesonet observations and meteorological 
data from Class A pan sites.

• Collaborate with NASA-JPL to utilized SWOT hydrology products to estimate 
evaporation from unmonitored reservoirs. 

• Develop a finer resolution gridded near real-time reservoir evaporation 
dataset for the state. 

Presenter
Presentation Notes
Upgrades to pans: automated data readings and pan refills, supplemental meteorological measurements

CRLE: compute monthly lake evaporation for lakes with data buoys deployed through the project
USWB: Compute daily reservoir evaporation at all upgrade and new pan evaporation sites/. Identify currently unmonitored regions of the state where computed evaporation could be applied to estimate reservoir evaporative loss. 
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Questions?

Contacts:
Nelun Fernando
(nelun.fernando@twdb.texas.gov)

mailto:nelun.fernando@twdb.Texas.gov


Additional slides
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Evaporation data collection over the years
1907: first pan evaporation station in Amarillo 
operated by the USDA

1928: first COOP station

1954 about 44 stations in 1954 (various pans)

1954: National Weather Service Class A Pan 
adopted as standard in Texas

1960: publication of 1⁰ x 1 ⁰ quadrangular 
evaporation dataset for 1940–1957, and first 
statewide annual lake evaporation map.

1967: Report 64 on Monthly Reservoir 
Evaporation Rates for Texas from 1940 
through 1965. 

1975: Report 192 on Evaporation data in 
Texas: Compilation Report from January 
1907‒ December 1970. 



Statewide lake evaporation loss
• Statewide lake evaporation loss = sum of evaporative loss for all lakes
• For each monitored lake in each month,

Volume of Gross Evap. (GE) = GE rate * Surface Area
• Algorithm:

o Year loop (2001 – 2017) 
o Month loop (1 – 12)
o Reservoir loop (114 Reservoirs)

i. Retrieve mean daily water level (WL) -> mean monthly WL -> mean 
monthly water surface area

ii. Retrieve lake evaporation rate for each month
iii. Retrieve precipitation rate for each month
iv. Compute gross and net lake evaporation losses for each month for 

each lake
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Annual evaporative loss: 188 water supply 
reservoirs including those monitored

(million acre feet per year)
*Calculated from 114 Reservoir’s losses by dividing by 0.93

Number of 
Reservoirs

Method Type Average 
Annual

Minimum 
Annual 

Maximum 
Annual

gross 6.89 5.85 (2013) 7.96 (2015)

net 2.02 gain 0.12 (2015) 5.42 (2011)

gross 7.41 6.29 8.56
net 2.17 -0.13 5.83

114 computed

188 estimated*

On average, approximate 6.17 million acre-feet net loss from all state water bodies

Presenter
Presentation Notes
Explain the difference between monitored and unmonitored.
TX Water body loss
Mention that the 188 includes 114 monitored and estimated evap for 74 unmonitored.
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