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and grammatical correctness, not for technical accuracy. The material
presented herein resulted from objective research sponsored by the
Wom ng Water Research Center, however views presented reflect neither a
consensus of opinion nor the views and policies of the Water Research
Center or the University of Womng. Explicit findings and inplicit

interpretations of this docunent are the sole responsibility of the
aut hor (s).



I ntroduction and Rel evance of Project

Variations in annual runoff are a critical concern to agriculture, urban
water  districts, utility conpanies and many other resource managenent
agencies. In Womng, the snowpack that accunulates in nountain areas during
the winter contributes substantially to the annual runoff. Accurate estinates
of the amount of water held in snowpack are essential to proper managenent of
water and water-rel ated resources.

Traditionally, snowpack has been nonitored by selected, on-site,
recording stations and periodic snowpack sanpling. These techni ques have been
proven effective, but are subject to [imtations with regard to accuracy and
practicality. Recent research has denonstrated that the traditiona
techni ques can be effectively augnented by using the periodic coverage of
LANDSAT to nonitor the build-up and depletion of the annual snowpack in each
drai nage basin (Hannaford, 1975; Rango and Sal ononson, 1975; Thonpson, 1975;
and Washi check and M kesel |, 1975); but, to use the satellite data
effectively, estimates of area of snowpack and ground measurements nust be
correlated for a period of several years in order to establish a
characteristic snownrelt/runoff relationship for each watershed. Once these
rel ationships are known, accurate estimates of expected runoff can be made
using the repetitive satellite coverage provided by LANDSAT. [t was the
purpose of this project to determne the requisite relationship between
snowcover (as recorded by the satellite) and runoff (as recorded by ground
stations) in each drainage basin

This project was begun in 1983 and was supported by the USDI/OAP program
through the Wonm ng Water Research Center. It has been extended for its
1984- 1984 project period with continued support of WARC and USDA/ USGS

Consequent |y, this report represents a summary of the first year's progress.



bj ective of the Research

The objective of the research was to correlate neasured runoff for past
years with estimtes of snowpack derived frominterpretations of satellite
i mgery obtained those sane years. This correlation, to be made for each
maj or drainage area in Woning, provides an enpirical data base for
deternmining projected runoff in future years. The LANDSAT imagery also
provides an archival record of the snow accunul ation each year. This record
shoul d prove extremely valuable for determnation of fluctuations in snowpack
that relate to climate change or other transient phenonena.
Backgr ound

The application of LANDSAT inmagery to runoff prediction has been
denonstrated by ot her workers. Mich of the early work enployi ng LANDSAT
imagery in this application was presented at a 1975 NASA conference entitled
"Qperational Application of Satellite Snowcover Cbservations". Thonpson
(1975) presented results of work in which he applied the inmage techniques to
snowcover and runoff estimation in the Little Laram e River drainage basin of
southern Womng. He related percent snowcover to percent cunul ative runoff,
and found that the LANDSAT-derived snowcover data were highly correlated with
cunul ative runoff and that the relationship can be mathematically represented
to provide a useful predictor equation for that basin. Rango and Sal omonson
(1975) obtained simlar results for seven watersheds in the Wnd River
Mount ai ns. Both groups felt that the application was successful and provided
a lowcost option for inproving runoff prediction capability. Yet the
t echni que has not been applied routinely as a technique for inproving water
supply  forecasts. In June of 1983, this project was initiated in order to
conpi l e the data base needed and to determ ne snowcover/runoff relationships

for Womng watersheds.



Progress Sunmary

During the 1983 cal endar year, inventory was conpleted of the University
LANDSAT Image Library in order to identify scenes suitable for estimating
snowcover throughout Wom ng. Suitabl e scenes were catal ogued according to
their identification nunmbers, dates, location (coverage), quality, and cloud
cover. The cat al ogue now includes some 330 scenes (spanning dates from 1972
through 1983) that provide a beginning data base fromwhich to draw snowpack
information for each watershed in Wom ng. The data base is far fromconplete
at present, and appropriate scenes are being selected to supplenent the
available  inagery. These suppl emental images are being ordered fromthe
archives of the ERCS Data Center in Sioux Falls, South Dakota, and from ot her
agencies that have Womng inagery on file.

Wt ershed areas that are influenced by runoff from snowpack were
identified and subdivided to facilitate correlation of imgery and stream flow
data (Fig. 1). Location of streamflow guaging stations were plotted (at
1: 500, 000 scale) and correlated w th watershed subdivisions. Stations were
sel ected and streanflow data retrieved for appropriate dated in order to
deternmine rel ati onshi ps between snowpack and runoff for each watershed.

Each LANDSAT image is interpreted to determ ne percent snowcover in each
wat er shed subdi vi si on. The interpretation is aided by video density analysis
and areas are estimated using the video electronic planineter. Area
measurements (snowcover) are plotted relative to cunulative runoff (Figs. 2
and 3) to establish relationships that can subsequently be used to predict
annual runoff, rates of runoff, and timng of peak runoff using the satellite
i magery as the prime indicator. Rel ati onshi ps between runoff and snowcover
derived enpirically by correlation of data and imagery over a period of

several years are tested by predicting runoff for other years and checking the



results by correlation with neasured runoff. Each watershed is treated
separately and each year's data provi des opportunity to inprove the predicator
relationship. Each relationship is refined annually as additional satellite
data and streanflow data becone avail able.

The work on this programduring the 1983-1984 acadenic year shows that
the technique is quite effective in nmountainous watersheds where permanent
snowpack is a major factor in spring runoff. The technique works best in the
areas that are least accessible and are of greatest interest to water resource
managers, so the results provide a very inportant tool for water management.

The first year's work has resulted in a conplete inventory of useful
i mgery currently in the image library of the renote sensing |aboratory.
| mges have been eval uated and runoff data collected for nost drainage areas
in western Womng. Additional LANDSAT scenes have been selected for several
areas and will be ordered in Septenber. Runof f data have been obtained for
most of the drainage basins and we are conpleting first |evel plots for the
areas that have five or nore dates of useful coverage. Overal | progress for
each area is sunmarized in Table I.

Bill Small, our graduate research assistant, resigned in July, 1984, and
the work proceeded very slowy during the late summrer for |ack of manpower.
Cheryl Jaworowski was hired to replace Bill Small as of September 1, 1984,

The work is now proceeding at a normal pace and should be quickly caught up

pendi ng appoi ntment of a second graduate assistant in m d-Septenber
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Wyoming watersheds numbered and subdivided into sub-areas for

correlation of snowpack and measured runoff.

Figure 1.
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Figure 2. Example of a snowcover/runoff plot showing a fairly regular
change in snowpack as the seasonal melt cycle progresses. If
annual variations in snmowpack are not extreme, this relationship
should provide a fairly reliable predictor for runoff in future
years.
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Figure 3. Example of a snowcover/runoff plot for which the available

satellite data may not be adequate to define a reliable
relationship between runoff and snowmelt. Additional
images are ordered.
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Table 1. "Summary of progréss in each snowpack area‘(as,of September 1, 1984).





