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This white paper presents evaporation and evapotranspiration (ET) datafor many US locations, from
NOAA sources. These dataare used in WinSLAMM to calculate waterlosses due to evaporation from
standing water (such as from long-term evaporation at wet detention ponds or short-term evaporation
from intermittent ponded waterin biofilters). Evapotranspiration s also used to account for some water
losses from biofilters due to plant respiration removing soil waterfromthe root zone. Monthly values of
evaporation and ET are entered on the forms where these are available as “outlets.” This white paper
and attachmentsinclude pan evaporation and ETo (evapotranspiration potential) values from many
locations throughoutthe US. The basic ETo values need to be adjusted accordingto the
microenvironment. WinSLAMM further uses these values to calculate the ET losses according to the
plants used in the biofilter. The pan evaporation values need to be adjusted according to the type of
waterbody. This white paper also discusses these adjustments. It is anticipated that standard sets of
evaporationand ET can eventually be entered onthe WinSLAMM tools menu alongside the monthly
watertemperature values so these would not need to be entered directly on the control forms.

Sources of ET Data

The following discussions and data for ET are summarized from the following report: Pitt, R., L. Talebi. R.
Bean, and S. Clark, Stormwater Non-Potable Beneficial Uses and Effects on Urban Infrastructure, Water
Environment Research Foundation, Report No. INFR3SG09, Alexandria, VA, November 2011, 224 pgs.
The data included in this white paper should be sufficient for use in calculating ET waterlosses from
biofilters/bioretention stormwater controls. The WERF report noted above should be consulted for
additional background and alternative ET data sources.

Most of the ET valuesincluded here were obtained from historic records collected by the Remote
Automated Weather Stations (RAWS). The available climate data (including daily ET, values) coverall 50
states, and covers a large portion of the geographic area of the U.S. The archive currently houses historic
data for more than 2,200 RAWS units across the U.S. Appendix A includes many maps of state groupings
showingthe RAWS monitoring locations. Appendix B lists the monthly ET values for these locations.

There are also severalstate and regional systems that provide additional ET rates. One extensive state-
wide example is the California Irrigation Management Information System (CIMIS). The data stations are



not limited to traditional agricultural areas, also including some locations in urban zones. The following
CIMIS map shows the 18 regions covering the entire state of California. Appendix Balso includes
monthly average ET rates for many locations in these 18 regions.
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Figure 1. CIMIS Average ETo by Zone for California. http://wwwcimis.water.ca.gov/cimis/cimiSatEtoZones.jsp



Adjustments of ET Data for use in Urban Areas

Most of the ET monitoringis in agricultural and wild land environments. Evapotranspiration potential,
ET,, is fora standard condition that reflects normalized agricultural conditions. The ET,, value is
therefore adjusted according to the soils, plants, and growing season conditions. Most of these
adjustment factors were developed for agricultural situations and their use in highly disturbed urban
environments has notbeen well-documented. Most of the available ET, values are also not located in
urban areas. The RAWS data can be adjusted to account for the microclimate foundin urban areas,
based on methods from the California Department of Water Resources (A Guide to Estimating Irrigation
Needs of Landscape Plantings in California: The Landscape Coefficient Method). The following table
illustrate this method.

Landscape Coefficients Method:

K, =ks * kg *kpe

k; = Landscape Coefficient
k ; = Plant Species Factor
k. = Microcimate Factor

Table 1. Landscape Coefficient Methods Assessment Standards. (Costello et al., 2000)
Estimated Values of Landscape Coefficient Factors

Very Low Low Moderate High
Species Factor <0.1 0.1t00.3 0.4t0 0.6 0.7t0 0.9
Density Factor - 0.5t00.9 1 1.1to1.3
Microclimate Factor - 0.5t00.9 1 11to14

Table 2. Example Landscape Coefficient Estimate for Oakmulgee, AL, RAWS Data.

k values Observed Site Conditions Assessed Estimated Coefficient
Category
Species Factor cool season grasses High .9%/.95
Density Factor Low density groundcover Low 0.75
Microclimate  Shaded with wind protection Low 0.65
K, = kg xk; *k,. A43*/.46

*Slight reductionin species factor to account for early spring growing season

WinSLAMM provides adjustments to ETo based on the plant species and planting density. Therefore,
only the microclimate factor should be used to adjust the RAWS data for use in WinSLAMM. As noted
above, the low factoris associated with a well-protected areathatis shaded. The moderate factor would
be for an unshaded open area, while the high factor would be for an exposed setting subject to wind



and full sun (such as ona greenroof). For most biofilter locations, a low to moderate microclimate
factor would be appropriate.

Example ETo for Wisconsin

The following map is a copy of one of the maps from Appendix A showing the three ETo data locations
for Wisconsin (and some surrounding areas). As expected, most of the data are available forthe
agricultural areas in the southern part of the state. Two additional locations near the western boundary
are also available in Minnesotathat may be applicable for otherstate locations.

157

Coordinate System: GCS North American 1983 | I | [Miles
Datum: North American 1983 0 30 &0 120 180 240 300
Units: Degree

lowa, Minnesota, and Wisconsin
Figure 2. Map of Wisconsin and surrounding areas showing ET station locations
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Five years of data area available and the monthly ETo values range from about 0.01 to 0.02 in/day
during Decemberthrough February to highs of about0.16 to 0.18 in/day during May to July. The total
annual ETo is about 35 inches.

The microclimate factor for this site is assumed to be low, shaded with wind protection, 0.65. Therefore,

these monthly values should be reduced by this factor. Again, the plant species and density factors are
calculated in WinSLAMM, so only apply the microclimate factor.

Table 4. Evapotranspiration Adjustments due to Microclimate Factor

ASCE Reference Adjusted ETodue
ETo (in/day) to microclimate
factor

January 0.01 0.006

February 0.02 0.01

March 0.05 0.03

April 0.12 0.078

May 0.16 0.10

June 0.17 0.11

July 0.18 0.12

August 0.14 0.091

September 0.10 0.065

October 0.07 0.05

November 0.04 0.03

December 0.01 0.006

The low winter ETo values assume some, butvery low plant activity. These can be reducedto zero for
dormant plant conditions.



Evaporation Data and Use in WinSLAMM

Evaporation data is used to accountfor waterlossesfrom standing waterin WinSLAMM, such as for wet
detention ponds and water ponded in biofilters. Evaporation data is available for many locations in the
US from Class A evaporation pans generally underthe direction of NOAA. The attached spreadsheet
data are fromthe NOAA Cooperative Observer (COOP) Network
(https://www.sciencebase.gov/catalog/item/59124c44e4b0e541a03c20de).

As noted on the spreadsheet, “the datasets were compiled and quality controlled for the analysis shown
in Dewesetal., 2017. The datasetis comprised of 247 stations reporting warm season (May-October; for
21 stations the data is only available for May-September) pan evaporation with at least 20 years of data
between 1950 and 2001. Both monthly values and long-term monthly averages are made available,

including the climatological measure forstandard deviation and coefficient of variation. Missing or
unobserved datais shownas NaN.”

Dewes C.F., I. Rangwala, 1. J. Barsugli, M.T. Hobbins, and S. Kumar (2017). Drought risk assessment under climate change is sensitive to methodological
choices for the estimation of evaporative demand. PLaS ONE 12(3): e0174045. doi:10.1371/journal.pone.0174045.
https://doi.org/10.1371/journal.pone.0174045

Hobbins MT. Regional evapotranspiration and pan evaporation: complementary interactions and long-term trends across the conterminous United States.
Colorado State University. 2004a.

Hobbins MT, Ramirez JA, Brown TC. Trends in pan evaporation and actual evapotranspiration across the conterminous U.S.: Paradoxical or
complementary? Geophysical Research Letters. 2004b;31

The following maps show the locations of these 247 pan evaporation stations:
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Figure 3. Locator map showing 247 pan evaporation station locations.



Figure 4. East coast map showing pan evaporation stations




2 s

Figure 5. South central US pan eva_poration locations.
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Figure 6. West coast pan evaporation station locations.

The above pan evaporation data cover much of the US, but there are some regions lacking information.
Anothersource of collated pan evaporation data (attached as a pdf document) is NOAA Technical Report
NWS 34: Mean Monthly, Seasonal, and Annual Pan Evaporation for the United States (1982). This report
has many more locations represented and for all 12 months of the year. However, the last period
reported for mostlocations is 1979. Therefore, the prior datasource is recommended as it contains
information up through 2001.
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With climate change occurring more rapidly in recentyears, it is expected that these values willfurther
change. These data sources may be sufficient for stormwater mass balance calculations at stormwater
controls, but more recent data may be warranted for critical applications.

Pan Evaporation Adjustments

Class A evaporation dataneed to be adjusted to account fortheir shallow depths and small sizes, when
applying to typical applications. Evaporation from a shallow lake, wet soil, or other moist natural
surfacesis roughly 70 percent of the evaporation froma Class A pan for the same meteorological
conditions. Some data are available showing how these vary by season. An example for Colorado
(https://coagmet.colostate.edu/ET_Workshop/pdf/11_Jenson.pdf) is:

Table 5. Example Colorado Monthly Pan Evaporation Coefficients

Pan
coefficient
April 0.60
May 0.63
June 0.67
July 0.71
August 0.75
September 0.78
October 0.77

The average from April through Octoberis the standard 0.70. Cooler months have lower coefficients as
the watertemperaturesinthe target waterbody is lower than during the later season months when the
watertemperatures are higherfora greaterdepth.

Pan Evaporation Data Example
The following is an example of evaporation values forthe Horticulture Teachingand Research Center,
Michigan State University, Lansing, MI.

Table 6. Pan Evaporation Location at Lansing, M.

Station Latitude Longitude Long-Term Annual Standard Deviation Coefficient of Variation
ID Average (mm) (mm)
202395 42.6742 -84.485 880.28 52.78 0.06

The following table was extracted from the spreadsheet, and the years with missing data were removed.
The monthly values are for total pan evaporation foreach month. Most northern locations only have
data for May through October. These values were then summarized by month.

12



Table 7. Monthly Pan Evaporation Data for Lansing, MI (mm/month)

Station | year May June July August | September | October | Annualtotal (mm/yr)
ID
202395 | 1957 136.429 | 194.682 | 212.274 | 177.339 | 129.088 73.918 | 923.73
202395 | 1958 215.419 | 193.922 | 184.584 | 187.999 | 133.148 96.008 | 1011.08
202395 | 1960 127.289 | 195.952 | 216.084 | 152.439 | 146.868 79.758 | 918.39
202395 | 1961 177.829 | 197.982 | 183.314 | 145.589 | 132.898 71.118 | 908.73
202395 | 1962 184.689 | 205.852 | 192.454 | 181.649 | 150.418 70.358 | 985.42
202395 | 1963 145.319 | 199.252 | 207.694 | 152.949 | 125.778 104.138 | 935.13
202395 | 1964 184.179 | 220.842 | 204.654 | 169.459 | 137.978 70.608 | 987.72
202395 | 1965 182.149 | 213.732 | 249.604 | 166.919 | 125.528 68.068 | 1006
202395 | 1967 172.762 | 194.142 | 191.899 | 182.49 137.841 78.692 | 957.826
202395 | 1968 137.462 | 171.282 | 218.829 | 170.05 123.621 79.962 | 901.206
202395 | 1970 152.702 | 178.902 | 168.029 | 182.24 112.701 65.482 | 860.056
202395 | 1971 189.022 | 222.332 | 208.919 | 183.51 130.731 76.662 | 1011.176
202395 | 1972 163.112 | 166.202 | 191.899 | 129.41 115.491 68.022 | 834.136
202395 | 1974 130.852 | 180.682 | 236.609 | 176.65 138.861 90.122 | 953.776
202395 | 1975 176.062 | 191.602 | 217.299 | 143.89 99.241 90.122 | 918.216
202395 | 1976 170.482 | 247.732 | 232.539 | 186.05 195.761 113.492 | 1146.056
202395 | 1977 241.602 | 221.322 | 225.679 | 158.36 110.671 63.962 | 1021.596
202395 | 1978 156.512 | 228.682 | 194.189 | 175.64 161.971 75.642 | 992.636
202395 | 1979 170.222 | 227.672 | 183.769 | 146.43 160.451 69.552 | 958.096
202395 | 1983 168.528 | 179.917 | 199.603 | 155.998 | 145.758 80.007 | 929.811
202395 | 1984 169.798 | 225.637 | 213.063 | 177.588 | 124.668 78.487 | 989.241
202395 | 1990 164.55 | 203.62 200.83 | 154.265 | 150.54 92,924 | 966.729
202395 | 1993 189.44 | 193.21 219.37 | 188.805 | 106.09 75.394 | 972.309
202395 | 1994 191.98 | 231.31 198.04 | 161.625 | 148.76 70.824 | 1002.539
202395 | 1995 155.15 | 196.26 197.02 | 168.995 | 150.03 85.044 | 952.499
202395 | 1996 162.52 | 180 205.91 | 181.695 | 118.28 69.044 | 917.449
202395 | 1997 151.34 | 212.26 216.83 | 145.375 | 137.58 82.254 | 945.639
202395 | 1998 177.8 187.71 200.41 | 158.5 148.08 76.45 948.95
202395 | 1999 177.29 | 193.8 196.34 | 159.51 157.48 85.34 969.76
202395 | 2001 152.4 226.82 222.25 | 182.37 100.08 75.95 959.87
Table 8. Monthly Pan Evaporation Data Summary for Lansing, MI (mm/month).
May June July August | September | October Annualtotal
count 30 30 30 30 30 30 30
min 127.29 | 166.20 | 168.03 | 129.41 | 99.24 63.96 834.14
max 241.60 | 247.73 | 249.60 | 188.81 | 195.76 113.49 1146.06
average | 169.16 | 202.78 | 206.33 | 166.79 | 135.21 79.25 959.53
median | 170.01 | 197.12 | 205.28 | 169.23 | 135.36 76.56 957.96
stdev 24.09 20.17 17.57 15.88 20.75 11.48 56.22
cov 0.14 0.10 0.09 0.10 0.15 0.14 0.06

13




Table 9. Monthly Pan Evaporation Conversions and Adjustment Calculations for Lansing, Ml

average | days mm/day | in/day with 0.7 pan
monthly | per adjustment
total month factor,
(mm) in/day
May 169.163 | 31 5.457 0.21 0.15
June 202.7771 | 20 10.139 0.40 0.28
July 206.3329 | 31 6.656 0.26 0.18
August 166.7929 | 31 5.380 0.21 0.15
September | 135.213 | 30 4.507 0.18 0.12
October 79.2468 | 31 2.556 0.10 0.07

The winter and spring months not shown (November through April) would have 0 in/day evaporation
values.



Appendix A: Maps Showing ETo Data Availability
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