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Snow Water Equivalent Calculation Methods 
 
Rob Van Kirk, Henry’s Fork Foundation 
Updated February 7, 2017 

Subwatershed Definitions 
The Henry’s Fork watershed consists of three watersheds, each identified in the U.S. Geological 
Survey (USGS) National Hydrography Dataset (NHD) with a distinct eight-digit (fourth-level) 
hydrologic unit code (HUC). In the USGS nomenclature, these three watersheds are Upper 
Henrys (HUC 17040202), Lower Henrys (HUC 17040203), and Teton (HUC 17040204), as 
shown in Figure 1. The Upper Henrys watershed is the drainage area upstream of the Ashton 
stream gage (USGS gage 130406000), the Lower Henrys watershed is the drainage area between 
the Ashton gage and the confluence of the Henry’s Fork with the South Fork Snake River, and 
the Teton watershed is the drainage area of the Teton River. The contribution of each of these 
hydrologic units to the annual surface water supply of the Henry’s Fork Watershed is shown in 
Table 1.  
 
Table 1. Mean annual surface-water supply in the Henry’s Fork watershed. Means were 
calculated over water years 1979-2008. This table was taken from my full report on water supply 
and use in the Henry’s Fork watershed. 
Source Mean annual natural flow (a-f) % of TOTAL 
Henry's Lake 41,768 1.6% 
Henry’s Lake to Island Park 439,072 16.9% 
Island Park to Ashton 744,516 28.6% 
UPPER HENRYS TOTAL 1,225,356 47.1% 
Sand Creek + Snow Creek 18,320 0.7% 
Fall River 699,914 26.9% 
LOWER HENRYS TOTAL 718,234 27.6% 
Teton R. above S. Leigh Cr. gage 298,458 11.5% 
Teton R., S. Leigh to St. Anthony gage 346,009 13.3% 
Moody Creek 15,379                                                                 0.6% 
TETON RIVER TOTAL 659,846 25.3% 
TOTAL 2,603,436 100.0% 

 
Because over 97% of the inflow to the Henry’s Fork within the Lower Henrys hydrologic unit is 
provided by Fall River, the Lower Henrys unit is essentially the watershed of Fall River (note 
that the official USGS name for this river is “Falls” River). Thus, we can think of the Henry’s 
Fork watershed as consisting of three “subwatersheds,” Upper Henry’s Fork, Fall River, and 
Teton River. About half of the total water supply comes from the Upper Henry’s Fork, which is 
fed primarily by the large springs at the base of the Yellowstone Plateau (Big Springs, Buffalo 
River, Warm River). The remaining water is split roughly half-and-half between the Teton and 
Fall rivers.  

https://nhd.usgs.gov/
https://water.usgs.gov/GIS/huc.html
http://www2.humboldt.edu/henrysfork/Documents_Presentations/Water%20Budget.pdf
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Figure 1. Hydrographic map of the Henry’s Fork watershed, showing the three major tributaries, 
the corresponding three hydrologic units, major stream gage locations, and the four major 
irrigated regions.  
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Figure 2 shows how the water supply summarized in Table 1 is distributed across the water year. 
Because of the relatively constant flow from the spring-fed streams in the Upper Henry’s Fork 
Watershed, the largest source of streamflow during the late summer, fall and winter comes from 
the Henry’s Lake-to-Island Park and Island Park-to-Ashton reaches. Winter flow in the Henry’s 
Lake-to-Island Park reach is the water available to fill Island Park Reservoir. The Fall and Teton 
rivers contribute the majority of their water during the snowmelt period in the spring and early 
summer. Because the three subwatersheds play different roles in hydrology, ecology, and water 
management in the Henry’s Fork watershed, it is much more meaningful to report precipitation 
and snowpack figures for each subwatershed than for the watershed as a whole. 
 

Figure 2. Mean annual hydrograph for the Henry’s Fork watershed. Means were calculated over 
water years 1979-2008. This figure was taken from my full report on water supply and use in the 
Henry’s Fork watershed. 

Data Sources 
The Natural Resources Conservation Service (NRCS) maintains a large network of snow-survey 
sites throughout the western U.S. The sites that transmit daily data via telemetry are the most 
useful to us and are called "SnoTel" sites. Statistical analysis of relationship between 
precipitation and streamflow shows that nine SnoTel sites indicate water supply in the Henry's 
Fork Watershed (Figure 3, Table 2). Six of these—White Elephant, Island Park, Grassy Lake, 
Grand Targhee, Phillips Bench, and Pine Creek Pass—lie in the three hydrologic units that 
comprise the Henry’s Fork watershed. Two others—Black Bear and Lewis Lake Divide—lie 
slightly outside of the watershed but are strong indicators of streamflow in the Henry’s Fork 
watershed because of their proximity and geographic characteristics. These eight sites are used 
by NRCS to calculate watershed-wide statistics for what NRCS calls the “Henrys Fork and Teton 
basin.” The ninth site, Crab Creek, is located in the Centennial Range to the west of the Henry’s 
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http://www2.humboldt.edu/henrysfork/Documents_Presentations/Water%20Budget.pdf
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Figure 3. SnoTel sites that indicate water supply in the Henry’s Fork watershed. Map taken from 
the NRCS SnoTel website. 
 
Table 2. Summary of the nine SnoTel sites that indicate water supply in the Henry’s Fork 
watershed. 
Site Elevation (ft) Indicates water supply to: 
UPPER HENRY’S FORK SUBWATERSHED 
Crab Creek 6860 Centennial Mountain streams that feed Island Park Reservoir 
White Elephant 7710 Henry’s Lake 
Black Bear 8170 Aquifer that feeds Big Springs, Buffalo River, Warm River 
Island Park 6290 Springs and streams on Caldera floor (e.g., Thurmon Cr.) 
FALL RIVER SUBWATERSHED 
Lewis Lake Divide 7850 Fall River 
Grassy Lake 7265 Fall River 
TETON RIVER SUBWATERSHED 
Grand Targhee 9260 Teton River from Teton Range (Bitch, Leigh, Teton creeks,…) 
Phillips Bench 8200 Teton River from Snake River Range (Trail Creek) 
Pine Creek Pass 6720 Teton River from Big Hole Mountains (Packsaddle Creek,…) 
 

http://www.wcc.nrcs.usda.gov/webmap_beta/
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Fork watershed boundary. Snow-water-equivalent (SWE) at this site is a statistically significant 
predictor of streamflow in the Henry’s Lake-to-Island Park reach and thus is included in the 
Upper Henry’s Fork subwatershed, as we define it. However, this site is not included in the 
NRCS “Henrys Fork, Teton” basin group. 
 
The raw data in our daily SWE table (Table 3) are taken directly from the NRCS snow and 
precipitation summary every morning. A quick comparison of our table to the NRCS table shows 
that the SWE, median SWE, and percent-of-median SWE figures for each of the nine sites are 
identical between the two tables. These numbers represent the water-year-to-date accumulation 
of SWE and precipitation as of midnight at the beginning of each calendar day. The medians 
currently reported by NRCS are taken over the 30 water years 1981-2010. Recall that the median 
of a set of numbers is the observation in the middle of the set, when it is ordered from smallest to 
largest. For example, the median of the set {1,4,5,10,20} is 5. If the set contains an even number 
of objects, the median is the mean of the two middle numbers. For example, the median of the 
set {1,4,5,6,10,20} is 5.5, which is the mean of 5 and 6. The median value of a hydrologic 
variable such as SWE can be interpreted as the value that would be exceeded in half of all years. 
For example, if the median SWE at a particular SnoTel site on December 10 is 5 inches, this 
means that in half of all water years, SWE on December 10 is greater than 5 inches, and in the 
other half of the years, SWE on December 10 is less than 5 inches. For a detailed description of 
why the median is commonly used instead of the mean (average) in water-resources planning 
and management, see the explanation I wrote on pages 10 and 11 of the review of Idaho’s 
managed recharge program for the Eastern Snake Plain Aquifer. Christina Morrisett and I 
contributed most of the quantitative analysis contained in this report. 
 
 
Table 3. Example of our daily SWE table. 

2/7/2017 
 
Site 

Median 
peak 
SWE 

(inches) 

Median 
peak 
date 

Today’s SWE data (inches) Percent of 
today’s 
median 

SWE 

Percent of median SWE 
needed over remainder of 

winter to achieve 100% 
24-hour 
change Current 

Today’s 
median 

Crab Creek 13.6 3-Apr 0.3 7.0 8.3 84 125 
White Elephant 26.2 12-Apr 0.5 15.3 16.8 91 116 
Black Bear 37.4 30-Apr 1.3 26.6 24.3 109 82 
Island Park 14.5 28-Mar 0.5 10.4 10.3 101 98 

Upper Henry’s Fork Subwatershed Index 99 101 
Lewis Lake Divide 30.7 26-Apr 0.4 24.3 20.9 116 65 
Grassy Lake 31.6 3-Apr 0.3 26.7 21.4 125 48 

Fall River Subwatershed Index 121 55 
Grand Targhee 46.4 8-May -0.1 29.5 24.4 121 77 
Phillips Bench 26.0 15-Apr 1.2 22.6 16.4 138 35 
Pine Creek Pass 13.9 22-Mar 0.3 13.5 9.8 138 10 

Teton River Subwatershed Index 130 48 
NRCS Henrys Fork, Teton Basins Index 117 66 

https://wcc.sc.egov.usda.gov/reports/UpdateReport.html?report=Idaho
https://wcc.sc.egov.usda.gov/reports/UpdateReport.html?report=Idaho
http://www.idwr.idaho.gov/files/board/201603-CH2M-Recharge-Report.pdf
http://www.idwr.idaho.gov/files/board/201603-CH2M-Recharge-Report.pdf
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Calculation of “Percent of Median SWE” 
The percent-of-median SWE for each site on a given date is the actual SWE observed at that site 
on that date divided by the site median for that date. For example, in Table 3, SWE at the Crab 
Creek site is 5.3 inches. The median SWE at Crab Creek for the date is 7.0 inches, so the SWE 
on the ground at the Crab Creek site is 5.3

7.0� = 0.76 = 76% of the median. For a given 
subwatershed, the “percent of median” calculation is the same as that for an individual site, with 
site SWE and median replaced by the subwatershed mean of all sites in that subwatershed. For 
example, the percent of median calculation for the Teton subwatershed is 
 

(𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 + 𝑃𝑃ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑒𝑒𝐺𝐺𝑖𝑖ℎ𝑒𝑒𝑒𝑒𝑒𝑒 + 𝑃𝑃𝑖𝑖𝐺𝐺𝑒𝑒 𝐶𝐶𝐺𝐺𝑒𝑒𝑒𝑒𝐶𝐶𝑒𝑒𝑒𝑒𝑒𝑒)/3
(𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝐺𝐺𝑖𝑖𝐺𝐺𝐺𝐺 + 𝑃𝑃ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑒𝑒𝐺𝐺𝑖𝑖ℎ𝑒𝑒𝑒𝑒𝐺𝐺𝑖𝑖𝐺𝐺𝐺𝐺 + 𝑃𝑃𝑖𝑖𝐺𝐺𝑒𝑒 𝐶𝐶𝐺𝐺𝑒𝑒𝑒𝑒𝐶𝐶𝑒𝑒𝑒𝑒𝐺𝐺𝑖𝑖𝐺𝐺𝐺𝐺)/3

. 

 
Notice that the denominators cancel in the above formula, so that a simpler but equivalent 
calculation is  
 

(𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 + 𝑃𝑃ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑒𝑒𝐺𝐺𝑖𝑖ℎ𝑒𝑒𝑒𝑒𝑒𝑒 + 𝑃𝑃𝑖𝑖𝐺𝐺𝑒𝑒 𝐶𝐶𝐺𝐺𝑒𝑒𝑒𝑒𝐶𝐶𝑒𝑒𝑒𝑒𝑒𝑒)
(𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝐺𝐺𝑖𝑖𝐺𝐺𝐺𝐺 + 𝑃𝑃ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑒𝑒𝐺𝐺𝑖𝑖ℎ𝑒𝑒𝑒𝑒𝐺𝐺𝑖𝑖𝐺𝐺𝐺𝐺 + 𝑃𝑃𝑖𝑖𝐺𝐺𝑒𝑒 𝐶𝐶𝐺𝐺𝑒𝑒𝑒𝑒𝐶𝐶𝑒𝑒𝑒𝑒𝐺𝐺𝑖𝑖𝐺𝐺𝐺𝐺)

, 

 
namely the sum of SWE across all sites divided by the sum of site medians across all sites. For 
example, in Table 3, the sum of SWE at the three Teton subwatershed sites is 55.6, and the sum 
of the daily medians is 44.7. Thus, the Teton subwatershed percent of median is 55.6

44.7� =
1.24 = 124%. 
 
The three subwatershed figures shown in our daily table do not appear in the NRCS table. The 
only watershed-total figure in the daily NRCS report is what NRCS refers to as the “Basin Index 
(%)” for the “Henrys Fork, Teton Basins”. This figure is calculated from the same formula 
shown above, except that the eight sites within the Henry’s Fork watershed are included. The 
Crab Creek site is not included in the NRCS calculation. However, for consistency, we include 
the NRCS value in our table. In Table 3, the sum of the eight individual site SWE values is 138, 
and the sum of the eight medians is 123. Thus, the NRCS basin index is 138

123� = 1.12 =
112%. Notice that by excluding the Crab Creek site and by averaging in the large SWE 
accumulations in the Teton and Fall river watersheds, the NRCS basin percent-of-median on this 
date is much higher than that for the Upper Henrys Fork subwatershed, as we calculate it. Given 
the importance of the Upper Henrys Fork to overall water supply (47% of mean annual supply 
across the whole watershed), management of Island Park Reservoir, and fisheries between Island 
Park Dam and Ashton, our Upper Henry’s Fork subwatershed value should be used as the most 
accurate indication of SWE in the watershed upstream of Ashton. 
 
Figure 4 is an example of our daily SWE graphic, which shows the percent-of-median SWE 
values for each of the three subwatersheds and the NRCS “Henrys Fork, Teton Basins” plotted 
across time since the beginning of the snow accumulation season. 
 

https://wcc.sc.egov.usda.gov/reports/UpdateReport.html?report=Idaho
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Figure 4. Daily subwatershed percent-of-median SWE between November 1, 2016 and February 
7, 2017. 
 

Calculation of “Percent of median required…” 
The last column in our table is not reported in any of the standard NRCS products. It indicates 
the percent of median SWE that must accumulate over the remainder of the winter for the 
maximum SWE to reach the 30-year median. The calculation of this value requires the maximum 
value of accumulated SWE over the whole winter in the median year. For example, at the Island 
Park site, the median SWE reaches a maximum of 14.5 inches on March 28. You can find this 
information in the daily NRCS snowpack update report. If we label this maximum value 
𝑒𝑒𝑀𝑀𝑀𝑀. 𝑒𝑒𝑒𝑒𝑒𝑒, the formula for calculating the “percent-of-median-required…” value is 
 

𝑒𝑒𝑀𝑀𝑀𝑀. 𝑒𝑒𝑒𝑒𝑒𝑒 − 𝑒𝑒𝑒𝑒𝑒𝑒
𝑒𝑒𝑀𝑀𝑀𝑀. 𝑒𝑒𝑒𝑒𝑒𝑒 −𝑒𝑒𝑒𝑒𝐺𝐺𝑖𝑖𝐺𝐺𝐺𝐺

. 
 
For example, in Table 3, the Island Park SWE for the date is 8.0 inches. Median value for the 
date is 8.7 inches. The maximum SWE accumulated in the median year is 14.5 inches. Thus, the 
percent of median required from this point forward over the remainder of the winter to achieve 
14.5 inches on the ground at the end of the winter is 
 

14.5 − 8.0
14.5 − 8.7

= 1.12 = 112%. 
 
This means that between January 19 and the end of the winter (average date of March 28 at the 
Island Park site), SWE must be 112% of the 30-year median value in order for end-of-winter 
SWE at the Island Park site to be equal to the median.  

https://wcc.sc.egov.usda.gov/reports/UpdateReport.html?textReport=Idaho&textRptKey=6&textFormat=SNOTEL+Snowpack+Update+Report&StateList=6&RegionList=Select+a+Region+or+Basin&SpecialList=Select+a+Special+Report&MonthList=January&DayList=19&YearList=2017&FormatList=N3&OutputFormatList=HTML&textMonth=January&textDay=19&CompYearList=select+a+year


8 
 

Calculation of subwatershed “percent required” values is the same, with individual-site data 
replaced by the sum of site data across all sites in the subwatershed. For reference, Figure 5 
shows the season-long subwatershed median SWE accumulation, from which you can easily see 
the maximum SWE and date on which it occurs for each subwatershed (including the NRCS 
“Henrys Fork, Teton Basins”). 
 

 
Figure 5. Median SWE across the water year for the three Henry’s Fork subwatersheds and the 
NRCS “Henrys Fork, Teton Basins.” 
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