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ABSTRACT

$nm·nllelt and rainfall floodinq is a major water resource problem in

Alaska. At the present time, forecastinq of these floods is based on a

sparse hydrological and climatological network. Numerous basins with

drainage areas of 5,000 km 2 and less remain completely unga~ed. The lack

of data causes uncertainty in the design of transportation schemes such as

tile Tt'ans-Alaska oil pipel ine. This project studied the util ity of using

ERTS-l imaget'y as a source of additional data for the prediction of snow

melt runoff, the most dynamic hyd)'oloqic event in arctic and subarctic

basins. Snow distribution as determined from the satellite imagery was

compared with va 1ues determi ned frOin t_':e convent i ona1 snow course stati ons

and l'lith the results of a snowmelt energy model. The Chena River Basin

was selected because of the availahility of ground truth data for compari

son. Very qood agreement for snow distl'ihution and )'ates of ablation was

found bet\oleen the ERTS-l imagery, the snol'imelt model, and field measurements.

~1onitoring sno\"nelt rates for relatively small basins appears to be practi

cal. The main limitation of the ERTS-l imagery is the interval of coverage.

More frequent overflights providing coverage are needed for the study of

transient hydrologic events. ERTS-l data is most useful when used in con

junction with snowmelt prediction model s and existing snow course data.

TheSe results should prove very useful in preliminary assessment of hydro

logic conditions in ungaged watersheds and will provide a tool for month-to

month volume forecasting.
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PREFACE

The intent of this project was to evaluate the use of ERTS imagery

in conjunction with more conventional methods for monitoring the pro

gression of snowmelt in the Chena River watershed, Alaska. The speci

fic objectives were directed toward:

1. 'Evaluation of satellite data as a tool for operational

prediction of snowmeit runoff.

2. Characterization of the natural break-up pattern of the

Chen a River watershed.

3. Establishment of the relationship of observed break-up

rates to quas i-permanent physiographi c features and

transient environmental factors.

For the Chena Basin (area: 5,100 km2 ), snm" distribution was deter

mined from ERTS imagery. A VP-8 image analyzer ~Iith density-slicing

capabilities and automatic planimetering mechanism was used to determine

areas of snow cover. Cloud-free ERTS imagery \"as obtained during the

break-up on April 12 and 30 and ~lay 2; satellite coverage was also avail

able for several overflights prior to break-up. Later in I~ay, excessive

cloudiness prevented the use of ERTS imagery. Two aircraft flights were

carried out on Hay 11 and 20. This aerial photography was quite helpful

because it was the only data available to ascertain snowmelt rates at

higher elevations.

A key part of this study was the comparison of ERTS results with both

spot measurements at snow courses and the results of a snowmelt model.

Very good agreement for snow di stri buti on was found between the ERTS

imagery, sno~lHlel t model, and snow courses measurements. It has been
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demonstt'ated that ERTS imagery can be successfully used to monitor

the snowmelt of relatively small \~atersheds, In addition, percent

snow cover during the melt period was studied for different slope

aspects at varying elevations.

The main limitations of the ERTS imagery for tra~sient hydro

logic processes is the interval between overflights and the processing

time. ERTS imagery will be of only limited use in operational fore

casting; the imagery will be of more use for month-to-month volume, ,

forecasting. The satellite results should prove very useful in pre-

liminary assessment of hydrologic conditions in ungaged watersheds.

iv



TABLE OF CONTENTS

Purpose of Report.
Scope. . . . . . .

Swnmary of Work Performed.

ABSTRACT.

PREFACE

LIST OF ILLUSTRATIONS

INTRODUCTION .....

DATA USED . . . . . . . .

ii

iii

vi

1

1

1

2

3
\

APPROACH OF INVESTIGATION

~1f.THODS OF DATA ANALYSIS .

PRACTICAL APPLICATIONS.

USE OF RESULTS.

NEI1 TECHNOLOGY.

CONCLUS IONS • .

RE COf·lr1ENDAT IONS

LIST OF PUBLICATIONS.

LIST OF REFERENCES ..

v

4

19

26

27

27

28

29

31

31



LIST OF ILLUSTRATIONS

23

Description

vi

Percent of Snow Cover Dete rmi ned from ERTS-l

Distri bution of Snow Courses in Alaska 6

Distribution of Climatological Stations in Alaska 7
Distri bution of Recording Stream Gages in Alaska 8

Chena River Drainage Basin Map 9

Percent Area-Elevation Curve for Chena River Basin 11

Climatological Data During Snowmelt Break-Up,
Fa i rbank s, ,1978 13

Mean Daily Discharge During Spring Break-Up,
Chena Ri ver 14

Flow Chart for Computer Snowmelt Model 15

Daily Incremental Snowmelt Input to Watershed From
Snowmelt Model at Different Elevation Ranges 16

Comb i ned Snowmelt I nput.to Runoff From Snolt/me1t
Model for the EntireCheha River Basin 17

Snow Deptl1 vs. El evati on from Di reet Measurements
and Snowmelt Model 18

Percent Snow Cover vs. Time from both the Snowmelt
r'10de1 and ERTS Imagery 20

Snowmelt Runoff vs. Time from Computer SnOl'l'melt
Model and Direct Measurements 21

Rel ationship Between Ground Truth, Computer
Snowmelt Model. and ERTS-l Imagery 22

Snow Cover as a Function of Elevation and Exposure 24

ERTS-l Imagery of the Chena River Basin 25

Table 1

Tabl e No.

FJ.[uT~__~_

Fi gure 1

Fi gure 2

Fi gure 3

Fi gure 4

Fi gure 5

Fi gure G

Figure 7

Fi gure 8

Fi gure 9

Fi gure 10

Fi gure 11

Figure 12

Fi gure 13

Fi gure 14

Fi gure 15
Fi gure 16



I. INTRODUCTION

This report transmits the final results of NASA ERTS-1 Project No.

110-5. The report satisfies the com'p1etion rec\uireme~ts bf the scien

tific aspects of the project. The management and final fiscal reports

will be handled as a separate portion of the University of Alaska's

overall contract with NASA.

The intent of the project was to eval uate the use of ERTS data in

conj uncti on with more con venti anal methods for moni tori ng the progres

sian of snow break-up in the Chena River watershed. Specific objectives

were directed toward:

1. Evaluation of satellite data as a tool for operational
prediction of snowmelt runoff.

2. The characterization of the natural break-up pattern of
the Chena River watershed.

3. Establishment of the relationship of observed break-up
rates to quasi-permanent physiographic features and
transient envi ronmental factors.

This report represents all of the work done in conjunction \'Jith the

ERTS-l project, No. 110-5. Materi a1 for the report has been extracted

in part from the several bi -monthly and two semi -annual progress reports

which have al ready been transmitted to NASA. In addition, material

from one techni cal paper has been incl uded. These reports are 1i sted in

the Appendix.

The report uses a snowmelt model which has been developed under other

sources of funding. The model is based on calculations from energy fluxes



at the surface of the snowpack. Cloudiness is used to estimate the rate

of fluxes; temperature and windspeed are used to estimate the sensible

heat flux arid dew point; and windspeed is used to calculate latent heat

flux. The final result is a comparison of ground truth data (snow depth

and density), predictions of the snowmelt model, and results frdm the

ERTS imagery.

Cloud-free ERTS imagery was obtained during the break-up on April

12 and 30 and Hay 2,1973. Later in ~1ay, excessive cloudiness prevented

using the ERTS imagery. T~lJo aerial flights were carried out at a height

of approximately 12,000 feet on Hay 11 and 20. A key part of the program

~lJas compari son of EIUS imagery with spot measurements of snow cover and

the snowmelt model which had been developed by Carlson and Norton (1973),

The results indicated that agreement was very good, especially when one

considers the variability of the snowpack for point measurements. The

percent of snow-free area over the basin was obtained from both the ERTS

illlageryand the aerial photography. T~lese values \!Jere compared with that

of the snowmelt model from which snowmelt runoff could be calculated from

various altitude intervals by knowing the altitude, distribution and

percent of area \",hi ch is snO\!J-free. An addi tional compa ri son was made

betvleen the snowmelt runoff of the model and that measured at several

stream-gagi ng sites.

Results indicate that ERTS imagery can be successfully used to

lt1onitor the snowmelt of a relatively small watershed. Comparison with

actual measurements and \'lith the computer model showed good agreement.

These same techniques can be used to study snowmel t behavior in water

sheds of very little or 110 climatological Ol~ hydrological data. The

information ~"ill make it possible to draw prel iminary conclusions about
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the most dynamic portion of the hydrologic cycle in the Arctic, the

spring break-up.

I I. DATil USED

Two forms of ERTS data were used to assess the rate of snowmelt

break-up: 70 mm bulk black and vlhite positive transparencies and 9-1/2

x 9-1/2 inch black and white bulk positive paper prints. Initially, the

70 mm transparencies were used with a color-additive viewer. f1SS bands

6 and 7 were projected through colored filters for clear delineation of

snOlv cover. There appeared to be little difference when using other

band combinations to enhance snow cover.

Later, a VP-8 image analyzer (Interpretation Systems, Inc., Lawrence,

Kansas) became available under project 110-1. This system has the following

capabilities: single scan line display on a screen, digital readout of

image intensities at any point, level slicing displayed as distinct colors,

a pseudo three-dimensional display comprised of the x-y distance cool'din

ates and intensity, and 5X magnification.

A built-in planimeter system allows aerial determination of distinct

colors when performing level sli cing. The VP-8 image analyzer proved

to be an excellent tool for determining aerial extent of snow cover in

the basin of interest. Previously, with the color-additive viewer, the

areas of snOlv cover had to be pl ani metered by hand and the matchi ng of

images was very time-consuming. The VP-8 image analyzer helped decrease

both the setup time and time consumed fOI' determination of the area of

coverage. MSS band 5 was used with the VP-8 image analyzer to plot snow

cover and proved to be superior to other bands.

Imagery received from the ERTS satellite on 7 and 27 March, 12 and

30 April, and 2 f.1ay was used to map snO\v cover. Ai rcraft photography

was planned during the two overflights of the satellite in r·1ay. The
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aircraft photography was obtained on 11 and 20 May; no satellite images

were received during this period because of cloudiness. However, the

aircraft photography al lowed continued monitoring of the rate of snow"

melt in the Chena River Basin. A Bausch and Lomb zoom transfer scope was

used to transfer contour lines from topographic maps to images from

botll the satell ite and aircraft photography.

Several sources of ground truth data were utilized during this pro

ject. For the snowmelt model, climatological data (precipitation, wind,

temperature, relative humidity and cloud cover) were obtained from the

National Weather Service, U. S. Department of COllllllerce. Data on the

depth and density of the snowpack was received for six points within

the basin and three points illllllediately adjacent to the basin from the

Soil Conservation Service, U.S. Department of Agriculture. Finally,

continuous runoff data for two stations on the Chena River were received

from the Geological Survey, Water Resources Divi sion, U. S. Department of

the Interior.

III. APPROACH OF INVESTIGATION

Of the many \~ater resource problems faced by the State of Alaska,

floods are the most \'fidespread. The damage is large in small population

centers and statewide, floods cause a great amount of damage annually.

The art of prediction of floods either on a day-to-day operational basis

or as part of a long-term study has advanced to a rather high state of

sophistication. There are available a number of computer-oriented,

graphical, analytical, and empirical methods which are successfully used

\~ith experience. However, regardless of the degree of knowledge, the

engineer or forecaster is limited by the completeness of the measured

input. In the case of rainfall, the provision of adequate input data

is quite straightforward. Snowmelt, on the other hand, provides an input
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to the runoff system which, in itself, is the result of a rather complex

process.

Sno\;melt depends on a variety of factors, some of a permanent physio

graphic nature and others of a more transient environmental nature (Wendler,

1967). Because of the complexity of the process, snowmelt measurement on

a point basis and extrapolation of point measurements even to a relatively

small basin becomes very difficult. This is especially true of the Chena

River in particular and Alaska in general. Hydrological and climatological
, '

network s are very spa rse i For exanipIe, there are 25,000 stream-gagi ng

stations in the United States as of 1970. Less than 1%, or 235 of these

stations, are located in Alaska. By comparison, Alaska has 40% of the

U.S. surface runoff from a drainage that is 1/6 the total area of the

United States. These surface water stations have a density 1/20 that

of the remaining 49 states. This sparseness of stations also is exhibited

by the snow course net\;ork and the weather station network. As of 1970,

there are only about 200 basic climatological stations recording only

daily temperature extremes and precipitation. One-half of these stations

make aviation-type observations which include cloud heights and amounts,

visibility, \;ind, and pressure. Most of the climatological stations are

located at lower elevations along the major rivers and their tributaries

and along the coastline. As of 1970, there were only 101 snow courses

in the State of Alaska. It should be noted that the northern 1/3 of the

state, an area essentially north of the Brooks Range, lacks any snow

courses. The distribution and number of various climatological and hydro

logical stations in Alaska are shovin in Figures I, 2 and 3.

Because of Alaska's severe cold climate, the surface hydrology for

most of tile state is only active during four to six months. As a result,

the spring snow and ice break-up dominate the cycle and the resulting

snowmelt runoff contributes most of the streamflow and causes many of

the floods. For the Chena River Basin (Figure 4) major floods have
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occurred in the Fairbanks area in July, 1905; fall, 1906; 11ay, 1911;

spring, 19Z9; ~1ay, July, and September, 1930; May, 1933; May, August,

1934; April, 1936; May, 1937; August, September, 1945; May-June, 1948;

and August, 1967. The average annual runoff of the Chena Ri ver at

Fai rbanks is 1,490 cfs, representi ng nea rly 10 inches of runoff from a

drainage area of 1,980 mi 2 . ;The ,bankful channel capacity of the Chena

River near Fairbanks is approximately 1 ,ZOOO cfs. Minimum flows near

150 cfs and the maximum flow of 74,400 cfs have been recorded. The

flow of 74,400 cfs occurred in August, 1967 from a maritime storm system.

The next major flood in dimension occurred during the snowmelt period of

1948. r~early 7.5 inches of runoff drained from the basin with a cor

responding peak discharge of Z4,200 cfs.

With the above problem in mind, this stUdy concentrated on the use

of ERTS data in conjunction with the more conventional methods to evaluate

the progression of break-up in the Chena River watershed. The specific

objectives of the project were to evaluate satellite data as a tool for

operational prediction of snowmelt runoff, to characterize the natural

break-up pattern of the Chena River watershed, and to relate the break-

up rate to quasi-permanent physiographic features and transient environ

menta 1 factors.

A complete description of the procedure used in this investigation

is indicated in the remainder of the report. The following is a summa

ti on of the study pl an. The extent of sno~1 cover was determi ned by ERTS

imagery of lZ and 30 April and 2 May 1973. No images were received for

the remainder of the month of May because of cloudiness. To supplement

the analysis, two aerial flights were carried out on 11 and ZO r1ay over

a portion of the basin. Since there was no satellite imagery available

for the latter part of May, snow line elevations were taken from the

aerial photographs. The percentage of the area covered by snow was then

determined from area elevation curves (Figure 5).
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The ground truth data obtained for comparison of satellite and

aerial imagery was obtained primarily from the Soil Conservation Service,
the National Weather Service and the U. S. Geological Survey. The Soil
Conservation Service provided snow course information on request. The
National Weather Service provided information on temperature, precipita

tion, wind, relative humidity and the degree of cloudiness (Figure 6).
Streamflow data at two gaging locations was pr'ovided by the Geological

Survey (Figure 7). Location of the ground truth observations are indi
cated on the drainage map of the Chen a River.

As a supplement to the investigation, a snowmelt model which has
been developed under another project was used. This model is based on

a calculation of energy fluxes at the surface and within the snowpack.
Cloudiness is used to estimate the radiative fluxes; temperature and

wind speed are used to estimate the sensible heat flux; and dew point

and \~ind speed are used to calculate the latent heat flux. Also, the
process of melting at the surface and refreezing at deeper layers in
the snO\~pack is considered. The flow chart for this model is shown in
Fi gure 8.

The snowmelt model was used to determine the rate of ablation at
four elevation intervals. The output portion of the model is daily
incremental input to the watershed and snow depth (Figure 9). From
the percent area-elevation curve and the incremental snowmelt input, the
weighted snowmelt input for the entire basin can be calculated (Figure
10). It can be seen by comparing Figure 7 and Figure 10 that surface
storage plays an important role in the snowmelt runoff process.

The results on snow depth from the computer model are compared on
Figure 11 with actual snow course measurements. Percent of snow cover
for the Chena River Basin can be determined from the computer output

12
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of the snowmelt model. These results are then compared with the percent

of snow cover as determined from ERTS-1 imagery and aeri a1 photography

(Figure 12). The snowmelt model is tested against actual measurements

for the spring of 1973 (Figure 13). The agreement is very good, especi

ally if one considers the variability for point measurements of the

snowpack.

The data obtained from this model might be compared, therefore,

directly with the snow cover extent of the basin. The snowmelt runoff

generated by the model was passed through a simple linear reservoir

runoff model which simulated the effect of basin storage and channel

delay. This predicted runoff was compared to the actual runoff as

measured by the Geological Survey (Figure 7). A complete diagram of

the interrelation between the various parts of the investigation is

indicated on Figure 14.

IV. METHODS OF DATA ANALYSIS

Cloud-free ERTS imagery, both prior to the break-up on 7 and 27 r1arch

and during the break-up on 12 and 30 April, and 2 May 1973 were obtained.

Two aerial flights at about 12,000 feet (3,660 meters) with stereo photography,

were scheduled to coincide with the satellite passes during the month of

May. The aerial flights were carried out on 11 and 20 May over part of the

basin. Because of cloudiness, no satellite images \;ere received for the

latter part of May. Altitude lines were transferred from topographic maps

onto the aerial photographs with a zoom transfer scope (Bausch and Lomb)

and areas were obtained with a planimeter. For the ERTS imagery, utilization

was made of the VP-8 image analyzer where false colors were assigned to

the different levels of grey. This display allows one to eight intensity

bands to be shown simultaneously.
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CONVENTIONAL GROUND TRUTH COMPUTER SNOWMELT MODEL ERTS - 1 IMAGERY

Climatic Input (fig.6
1. Precipitation
2. Sky Cover
3. Wind Speed
4. Devlpoint
5. Temperature

Initi a1 Snowpack Parameters (fig.ll )
1. Depth
2. Density

Physiographic Parameters (fig. 5 )~~..J
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Analysis of SnOW distribution with elevation and exposure revealed

that patches of snow were found down to the lowest lying areas on north

slopes on 11 May while no snow was found on a slope with a southerly

exposure below 1,250 feet (380 meters) (Figure 15). The percentage of

snow-covered area increased with altitude as illustrated by this fig

ure. TIlerefore, areas having a similar percentage of snow cover for

northerly and southerly exposures differed by 750 feet (230 meters) on

11 May and differed by 400 feet (120 meters) on 20 May. From 11 to 20

May, the lower limit of existing snow had changed in excess of 2,500

feet (780 meters). A decrease in snow cover for a northerly exposure

on 11 May 1973 is accurate and depi cts areas that are exposed to the

wind above the existing tree line.

The Chena Basin was outlined on the cloud-free ERTS imagery for

three dates during the ablation period during which pictures were obtained.

ChannelS (0.5 - 0.6 micrometers) was the best suited for distinguishing

the snow cover from snow-free areas. An example is given in Figure 16

showing the Chena Basin on two occasions during break-up. The depletion

of snow in the low-lying areas can be seen. The VP-8 image analyzer was

used to obtain quantitative results. The various grey scales displayed

in color were measured with an automatic built-in planimeter. Using

this instrument, the following values were obtained:

TABLE 1
PERCENT OF SNOW COVER DETERMINED FROM

ERTS IMAGERY AND AERIAL PHOTOGRAPHY
CHENA RIVER BASIN (1,980 mi2)

Dates

12 jl,pril 1973
30 April 1973
2 May 1973
11 May 1973
20 May 1973

Less than 50%
Snow free or snow patches

18
28
46
62
98

23

Greater than
50% Broken or con

ti nuous snow

82
72
54
38
02

%
%
%
"(,

%
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V. PRACTICAL APPLICATIONS

It appears that ERTS data will be most useful used in conjunction

with snowmelt prediction models, existing snow course data, and aerial

photography. Its great advantage, of course, is that it gives, in

superb detail, a complete picture of a sizable river basin.

Th~ mo~t Useful application of ERTS data for understanding spring

break-up hydrology will be in ungaged areas. Alaska abounds with these

areas and they are expected to become much more important wi th the exten

sian of transportation routes throughout Alaska, both roads and oil and

gas pipel ines. We expect the ERTS imagery to become a standard useful

tool for the professional hydrologi st and to be qui te useful when used

in conjunction with other available means of estimating hydrologic occur

rences.

In Alaska, because of the extremely sparse data network, any additional

data would be quite useful. Now that ERTS imagery is available for the

whole state, 'tJe expect that results of thi s and other projects will indi

cate the utility of the data in assessing the nature of the spring break-

up occurrence on Alaskan watersheds to a wide variety ·of users. The ERTS-l

; mag~ry w; 11 probably recei ve only 1imited use for operati anal forecasti ng.

Its use will be limited by the 18-day coverage intervals and the difficulty

in obtaining imagery in near real time. It is possible that the data

will be more useful for the monthly volume-forecasting of the Soil Conser

vation Service as the time scale is not nearly as critical.

A pi cture once

hydrologic

The main limitation is the lack of daily coverage.

every 18 days simply is not often enough for a transient

phenomenon such as spring break-up.
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VI. USE OF RESULTS

Throughout the project, we have maintained a close and informal

contact with the two main interested parties for spring break-up data

in Alaska, the Soil Conservation Service which issues monthly volume

forecasts in the spring and the U. S. Weather Service Hydrologic Fore

casting Office which issues daily flood stage forecasts during critical

conditions. They have indicated high interest ln the project and its

results and have stated that they will quite likely incorporate ERTS

imagery in a continuing program of understanding spring break-up phenomena

of Arctic regions.

The interest of tnese two agencies plus the U. S. Geological Sur

vey has been heightened somewhat by a recent plan for a real time tele

metry network of hydrologic and climatologic data along the route of the

TransAlaska pipeline. The agencies are currently cooperating in planning

this system of some 53 stations, including 18 river crossing sites. All

stations will be linked in real time to a central computer based in

Anchorage. The agencies have submitted a request of $2,800,000 to the

Office of Management and Budget. As almost all of these sites will be

established in \vhat are now currently ungaged basins, extensive use

of ERTS satellite imagery in assessing the nature of snowmelt break-up

on these watersheds wi 11 resul t.

VII. NEW TECHNOLOGY

No new satellite evaluation technology was developed as a result of

thi s project.
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VIII. CONCLUSIONS

The results of this study have shown that ERTS imagery can be used

to monitor snowmelt in relatively small watersheds. Comparison of ERTS

imagery measurements with a computer model showed good agreement. These

same techniques can therefore be used to study the snowmelt behavior

in watersheds where little or no hydrological or climatological data

has been collected. Such information will make it possible to draw

prel iminary concl usions about the most dynami c porti on of the hydrol ogi c

cycle in arctic and subarctic watersheds.

The spatial distribution of the snowmelt break-up as monitored by

ERTS imagery for the entire watershed is shown on Figure 12. Approximately

30 percent of the basin, primarily the low lying area (below 1000 feet

msl), was snow-free prior to 30 April 73. The majol' runoff contribution

from snowmelt occurred duri ng the fi rst 2 weeks of r1ay as can be seen

from the runoff hydrograph (Figure 7). There was an excellent compari son

of percent sno\v-free area when determined from ERTS imagery and when

determined from the snowmelt model. The input to the snowmelt model is

primarily transient environmental data such as cloud cover, air temperature,

wind speed, and dew point. ERTS imagery \vas also used to study snow cover

as a function of physiographic features, mainly elevation and slope aspect.

There is a significant difference in snOlv distribution (Figul'e 15) due to

slope aspect. Hith differences of snow line exceeding 1500 feet in ele

vation.

ERTS imagery will be of only limited use in operational forecasting,

that is, as additional data on a day-to-day forecast by an agency such

as the National Iveather Service. The ERTS imagery will be more useful

for volume-forecasting on a month-to-month basis as is done by the Soil

Conservation Service.
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We expect the ERTS imagery to find its greatest utility as an invalu

able tool in assessing the nature of spring break-up process in Alaskan

watersheds. This use will be particularly important in areas which are

completely ungaged and when used in conjunction with a theoretical model

of the watershed process such as the snowmelt and runoff models used in

this study. Imagery will be useful in assessing the state of snow cover

age disappearance in response to the meteorological parameters as direct

input to the model, but also to expand the utility of what snow course

events may be available in a given area. !{e expect the ERTS imagery to

be particularly applicable to Alaska with the development of additional

transportation routes, both roads and gas and oil pipelines. These routes

will, for the most part, be extended throuqh what are now completely

ungaged watersheds and for which the snowmelt process is known in only

an approximate manner.

ERTS imagery will have its greatest utility for these purposes when

used in conjunction with other predictive and analytic techniques and

fiel d measurements.

IX. RECOMMENDATIONS

As pointed out in the previous sections of the report, the results of

thi s study show that detecti on of the di sappea rance of snow duri ng tile

spring break-up period is useful in understanding this important part of

a subarctic watershed process. This study was done on a typical watershed

in Interior Alaska. It Ivas chosen both for its apparent representative

ness and the relatively dense data·network. The watershed is also con

veniently located near the Fairbanks campus of the University of Alaska.

As a result of this study, we suggest that:
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1. ERTS imagery should be examined for its usefulness in other

areas of Alaska. Particular examination should be made
of the utility of ERTS imagery in assessing the nature
of spring break-up along transportation routes such as the

TransAlaska pipeline.

2. Since the imagery would be much more useful if available more
often than every 18 days, a possibility of a smaller time
interval should be investigated. It does not appear to be
particularly crucial to detection of snowmelt cover that the
image should occur at the same time every day. Since, in
Alaska, the main snowmelt break-up occurs within a month-and
a-half of the summer solstice, there would be nearly an
eighteen hour period each day from which useful imagery could
be obtained. This coverage at a smaller time interval could
make the ERTS imagery tremendously useful for Alaska's

hydrologic studies. This is especially true for snow cover
detection as the breakup proceeds so fast in Alaska. It

generally occurs over a period of 15 to 20 days and it is

possible that in any given year, with the occurrence of one
clouded image, that the important portions of the spring

break-up could be missed entirely, using the current lS-days
intervals of observation.

3. Images are now recei ved 4 to 6 weeks afte I' the satell ite
pass. For studying short-term processes such as snowmelt,
this return time must be reduced greatly.
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