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A. Obgective

Saline seeps are a serious threat to the conserva~
tion and economy of Montana. Although they destroy an
estimated 3,200 to 10,000 additional hectares of pro-
ductive Montana 1and each year, data are unavailable to
locate, to map their extent, or to determine the growth
rate of saline seeps (1). This study was conducted to
determine the feasibility of using Landsat-~l to detect

and map saline seeps 1in Montana.

B. Definition and Descriptzon of Saline Seeps
Sallne‘seeps are recently developed wet salty areas
in non-irrigated soils that are wet some or all of the
time, cften with white salt crusts, and where crop or
grass production is reduced or eliminated (1, 10).
Saline seeps are caused by the crop fallow system of
farming superimposed on the geologic, hydrologic, and
g0il conditions of Montana and the Northern Great Plains.
Figure 1 depicts the formation of a saline seep.
The surface material is glacial t111 which has a maximum
depth of 21 meters (3). These deposits are underlain by
a thack marine shale formation that is impermeable to
water. Both the shale and glacizal till contain an abun-
dant supply of natural soluble salts. Excess water
percolates through the soil and dissolves salts out of

the soil and substratum. When the salty water reaches

1
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Figure 1. Formation of a saline seep.

The soll and substratum consists of glacial till
which overlies impermeable shale bedrock. Precip-
ltation infiltrates this soil (recharge area) and
percolates through the glacial till dissolving out
salts. A perched water table develops on the
impermeable shale causing downslope water flow.
When this salty water reaches a slope break, if.
emerges at the surface by capillary rise to form

a saline seep (discharge area).
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the impermeable shale, a perched water table is formed.
This excess water moves downslope and accumulates in
pockets. The water then moves to the surface by
capillary rise to férm a saline seep (discharge area)
and then evaporates leaving the dissolved $alts behingd
(Figure 1). These salts frequently accumulate and form
white salt crusts of varying tlhickness. The recharge
area 1s upslope from the seep where the percolating
water originates. Saline seeps are a result of loecal,
not regional, flow systems; therefore, the recharge
area is in close proximity to the discharge area.

Seeps may develop on sidehills, near hilltops, at
the base of hills, or on lowlands. Seeps usually occur
where there is a sudden change in the slope of the land,
but they do not have to be associated with a low point
in the topography (6).

Present crop-fallow fa;ggﬁg or summer fallowing
practices are the principal cause of saline seep problems
in Montana. The average annual precipitation in Montana
is 30 to 38 centimeters which is insufficient mois?ure
to grow an economic wheat crop. To increase soil water,
the farmers leave half of the tillable land bare for at
least 14 months out of each 24 months where winter wheat
is the crop and 20 months out of 24 months where oats,
spring wheat, or barley are the crops (4). The precipi-
tation that falls during the periods of fallow ground

is free to percolate through the soil and flow dowhslope

to form a saline seep.



Figure 2 is an aerial photograph which shoWws the
fi1eld patterns of qrop—fallow farming. The longest
strips on this photograph are 800 meters. The golden
colored strips contain winter wheat that is ready for
harvest. The fallow strips are dark in color and con-
tain only bare soils which are void of vegetation due to
periodic harrowing. Next year, the fallow strips will
be planted in wheat and the current wheat fields will
be left fallow to store precipitation that falls through-
out the year. In reality, a large percentage of the
stored water 1is lost to vertical and horizontal flow
resulting in the formation of a saline seep. The white
area in the bottom right-hand portion of Figure 2 is a
large saline seep. Several smaller seeps are also
evident in the photograph.

Summer fallow acreage in Montana has 1ncreased
steadily over the past decé;;;: 1.1 million hectares
in 1930, 1.7 million hectares in 1950, and 2.5 million
hectares in 1964 (7). This has resulted in a corre-
sponding increase in saline seep development. Other
factors have also contributed to the saline seep
problem. Soil and water conservation practices such
as strip and contour farming, stubble mulching, and
snow barriers have augmented water infiltration and
percolation.

Saline seeps increase in size at an estimated

average rate of 10 percent annually with some increasing

ORIGINAL PAGE IS
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Figure 2. An aerial photograph showing the field patterns
of crop-fallow farming with a large saline seep
in the lower right.

The gold strips contain wheat and the dark strips
are bare soil. The length of the longest strip

is 800 meters. Saline seeps are discerned by the
white crustal formations. A large seep is located
in the bottom right of this photograph.
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by as much as 160 percent annually (5). The amount of
precipitation, evaporation, transpiration, and size of
the recharge area regulates, to a large extent, the

growth rate of a saline seep.

C. Extent and Effects of Saline Seeps

The Soil Conservation Service estimated that Montana
had 33,000 hectares of saline seeps in 1971 and 61,000
hectares in 1973, an increase of 51 percent (8). An
estimated 590,000 square kilometers of the Northern
Great Plains have potential for saline seep development
based on geologle and soil conditions (Figure 3). Over
44,000 square kilometers of this total are found in
Montana.

An example of a saline seep that has developed
within a wheat field is shown in Figure 4. The seep is
less than 1 hectare and did not exist 3 years prior to
the date of this photograph. Plants cannot grow on
this seep because of the high salt concentration, how-
ever, some salt-tolerant weeds are growing on the
periphery of the seep. This land is not only lost to
crop production, but i1t also costs the farmer time and
money to work around the seep. In most cases, farm
equipment is unable to operate in the saline seeps due to
their high moisture content

Saline seeps are also responsible for the deteriora-
tion of shallow groundwater aquifers and increasing

saline pollution of Montana's streams and reservoirs.




ALBERTA - SASKATCHEWAN MANITOBA

NORTH DAKOTA
MONTANA

SOUTH DAKOTA

Figure 3. Area of potential saline seep development in the
Northern Great Plains.

The darkened area represents 590,000 square
kilometers in the Northern Great Plains region
that has potential for saline seep development.
Over 44,000 square kilometers of this total are
in Montana.
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Figure 4. Saline seep development in a wheat field.

This seep. 1s less than 1 hectare in size and
did not exist 3 years prior to the date of this
photograph. Plants cannot grow on the seep
because of the high salt concentration. Some
salt-tolerant weeds are growing on the periphery
of the seep.
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is encountered which is daifficult to control. Also,
the root system of small grains extend to a depth of
only 1 to 2 meters and will not deplete the stored
moisture at greater depths.

Alfalfa and tall wheat grass are better plants for
drying out the so0il. Both plants are somewhat salt-
tolerant and have deep root systems. Alfalfa can use
so1l moisture to a depth of 7.5 meters once 1t gets
established (1). Planting and managing these plants
in and adjacent to existing or potential seep discharge
areas will deplete stored moisture and help contain
further seep development. It is, therefore, very
iﬁportant to detect and map saline seeps so that known
technology can he applied to these areas to contain and

prevent their growth.
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A. Belection of Study Site

A study site was selected in Fergus County,
Montana in cooperation with Jack Rodgers, Montana
State Soil Scientist. The area includes the town of
Coffee Creek which 1s located approximately 100
kilometers southeast of Great Falls and 55 kilometers
northwest of Lewistown (Figure 5). Coffee Creek 1is
located on Route 235 and 1s easily accessed by taking
Route 191 north from Lewistown. The Soal Conservation
Service described this area as having severe sgaline

seep problems.

B. Data Analyzed

The following four Landsat-1 scenes were selected
for analysis: August 26, 1972, May 22, 1973, June 22,
1974, and September 2, 1974 (scene numbers 1034-17455,
1303~17405, 1699-17330, and 1771~17302, respectively).
These were the only cloud-free images avallable from
spring and fall Landsat-1 data. The multispectral
scanner data for these dates were obtained and analyzed
on an IBM 370 computer, Model 168, using the Penn
State/ORSER system. A detailed discussion of the
procedure used in analyzing the Landsat-1 data is
given in Appendix A. Signatures were developed and
elassification maps produced using the supervised and

unsupervised classification routines (2, 9). All

11
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O COFFEE
CREEK

9 BILLINGS

Figure 5. Location of the Coffee Creek study site.

Coffee Creek 1s located in Pergus County., Montana
and 18 approxamately 100 kilometers southeast of
Great Falls and 55 kilometers northwest of Lewis-
town Coffee Creek 1s located on Route 235 and

15 easlly accessed by taking Route 191 north from
Lewistown The Missouri and Yellowstone River
systems are delineated in their eastward progression
across Montana.
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classification maps were geomebtrically corrected to a

scale of 1:24,000.

C. Ground Truth

The initial ground truth was 1:24,000 black and
white aerial photegraphs taken on July 23, 1972.
Midway through the project, a need for more detailed
ground truth necessitated an inspection of the Coffee
Creek area.

August 11 and 12, 1975 were spent in Montana
obtaining information on saline seeps and collecting
field data at the study site. August 11 was spent
on the Highwood Bench, located in Chauteau County,
which 18 a saline seep area being studied by several
research groups. Mr. Clair Clark, Fergus County Soil
Scientist, and Dr. Paul L. Brown, a saline-seepr inves-
tigator for the Agricultural Research Center, USDA,
gave a field review on saline seeps and related
problems occurring within the bench,

With the aid of Clair Clark, detailed field data
were collected at the Coffee Creek study site on
August 12. Information concerning current field
patterns, crops, and the extent and location of saline
seeps were recorded on the 1:24,000 aerial photographs
and acetate overlays and used as ground truth informa-

tion.
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D. Interaction.With Potential Users and Investigators
Several people were contacted within Montana to
help coordinate thls research efiort. During this
study, saline seep invesgtigators and potential users
from the Northern Great Plains region contacted ORSER
personnel reguesting information concerning the progeqﬁ.
The names and addresses of these people an@uurganiééw;

tions along with some of their correspondence are

given in Appendix B.



ITT.

RESULTS AND DISCUSSION

A. Initial Results

Signature banks were developed and classification
maps produced for the study site from Landsat-1 multi-
spectral scanner data collected on each of the four
dates. These 1nitilal maps gave variable results.
Some areas delineated as seeps from the spring data
were correlated with saline seeps shown on the aerial
photographs, but in other cases large areas classified
as seeps did not appear on the photograph. The fall
classification results contained only a few saline
seeps that could be associated with the ground truth
information. This inconsistency between the_two
spring and two fall classification maps and the aeraial
photographs necessitated the trip to the study site

to collect field data.

B. Saline Seep Characteristics

The ground truth Trip was an invaluable aszsset to
this research project. A great deal of knowledge was
acguired, such as the'optimum times to detect seep
discharge areas, the soll conditions of seep areas,
and vegetative types associated with saline seeps.

Spring and early fall are the best times.,to detect
saline seeps. In the spring soil moisture is at a
maximum. The excess water brings the greatest amounts

of salts to the surface (discharge area) than at any

15
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other time throughout the year. These salts contain
a large amount of sodium which disperses the solls in
the discharge area. Accumulations of the salts
result in crustal formations as shown i1n Figure 6.
These salt crusts are easily detected because of their
high reflectance and can be used to locate saline
seeps

Specifie native plants, considered as weeds by
the wheat farmer, are found growing on and around
saline seeps. Because of their salt tolerance, these
plants are a valuable aid in mapping saline seeps and
have been collectively termed saline seep "indicator
plants.' Two of these plants are shown in Figure 7.
The plant specles in the upper right corner of the
photograph is foxtail barley. It has no economic
value but when this weed growth stands over winter,
it traps snow which adds excess water to the saline
seep. The green plant growth occcurring in Figure 7
is kochia. This deep-rooted and vigorous water-using
plant 18 the predominant vegetation growing on most
saline seeps. Thas plant remains green untlil the
first killing frost while the wheat plant turns gold
as in matures in early fall, The most salt-tolerant
plant growing on saline seeps 1s 1nkweed (Figure 6).
It is a short, stemmy plant that usually does not
occur in dense stands like the kochia and foxtail

barley (Figure 16).
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Figure 6. Close-up view of crusted salts and an inkweed

plant.

Water containing soluble salts emerges on
surface of discharge areas and evaporates
leaving the salts behind. The inkweed is
most salt-tolerant plant 1n Montana. The
black lens cap provides a scale.

inkweed - Distichlis stricta

the

the
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Figure 7. Saline seep ldentifiers.

The salt-tolerant foxtail barley (upper right),
kochia (lower left), and white salt crusts are
indicative of saline seeped areas. Because of
its high reflectance, the salt crust is easily
detected using multispectral scanner data.

foxtall barley - Hordeum jubatum
kochia - Kochia scoparia




Figure 8. An aerial photograph of the Coffee Creek
study site.

The town of Coffee Creek is located below and to
the left of A. A saline seep is located to the
left of B. Other seeps are found in the areas of
A and C. This study site is approximately 65
square kilometers in size. The scale of this
photograph is 1 cm = 0.4 km.
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upper left portion of this figure is 800 meters. The
triangular field, denoted by letter B, contains tall
wheatgrass. The area to the left of this field 1s a
saline seep. A large seep is located at point A and
a part of this seep is easily discerned by the white
horseshoe-shaped, salt crusted area. Other seeps,
within the area of letter C, are transecting and
destroying field boundaries. The southwest-northeast
trending linear feature situated below point C is a
bench ridge.

Data analyses were concentrated on the August 26,
1972 and May 22, 1973 scenes. In all of the following
classification maps, the areas marked by letters A,

B, and C correspond exactly to the same areas 1in
Figure 8. Figure 9 1s a classification map of the
study site using the August data. This map covers the
same area shown in Figure 8 and the solid black areas
on this map correspond, l1n most cases, to the darkest
grey tones on the aerial photograph. The symbol X
represents tillable land and the dots are areas of
green vegetation. Two of the indicator plants, kochla
and inkweed, are still green at this time of the year.
It appears that part of the horseshoe-shaped seep (A)
is being mapped by the detection of these indicator
plants. But the same signatures are mapping the tall
wheatgrass field (B) and also the grasses growing on

the bench ridge (see Figures 8 and 9).
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Figure 9. Classification map of the Coffee Creek study site
using the August 26, 1972 data.

The letter X depicts tillable land and the dots
(.) represent green vegetation. The dark areas
and the areas denoted by A, B, and C correspond
to the same areas in Figure 8 (Scale 1 cm = 0.4 km).
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Figure 10 is a classification map of the May 22,
1973 data of the same area shown in Figure 8. The
dots represent saline seeps which are being mapped by
the detection of salt crusts. A portion of the
horseshoe-shaped seep (A) is being correctly classi-
fied, and salts along the stream channels are also
being detected. Several of the saline seeps classi-
fied in Figure 10 overlay saline seeps shown in
Figure 8, but there is considerable confusion in the
mapping results.

Due to these unsatisfactory classification maps,
the data from the May and August scenes wére merged
using the MERGE program (2). To merge the two sets
of data, a specific point in the study site was
located in both the May and August scenes and identi-
fied by 1ts respective scan line and element numbers
within the digital output from the multispectral
scanner data. This is necessary to insure proper
registration of the May and August data during the
merging process. The program merges the four-channel
May and four-channel August data obtained over exactly
the same area on the earth, thus eight channel signa-
tures were developed for this area. Merged data are
useful in studying the effects of temporal change and
also impreve the classification of certain targets.

An analysis was performed on the merged data and

the resultant classification map is shown in Figure 11.

PRECEDING PAGE ELANK NOT FILMED




Figure 10. Classification map of the Coffee Creek study
site using the May 22, 1973 data.

The dots (.) represent saline seeps which are

being mapped by the detection of salt crusts.

The areas denoted by A, B, and C correspond

to the same areas in Figure 8 (Scale 1 cm = 0.4 kmh
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Figure 11. Classification map of the Coffee Creek study

site by merging the August 26 and May 22 data.

The theta symbol (8) represents tall wheatgrass,
dots (.) depict saline seeps, and the letter X
represents tillable land. The dark areas and
the areas denoted by A, B, and C correspond to
the same areas in Figure 18. The scale of this
computer output is approximately 1:40,000. An
acetate overlay of this figure is included in

a pocket on the back cover of this report.
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The theta symbol (8) represents tall wheatgrass and
the dots (.) depict saline seéps. The seep to the
left of the triangular field (B) was correctly classi-
fied. The seeps mapped in the area of letter C are
easlly correlated to those in the aerial photograph.
The large seep (A) and the seeps occurring along the
stream channel are also being mapped. The remaining
seeps mapped on Figure 11 overlay seeps shown in
Figure 8. An acetate overlay of Figure 11 is included
in a pocket on the back cover of this report.

A portion of the horseshoe-shaped seep is shown
in Figure 12. Large areas of salt crusts are still
visible in mid-August. A mixture of foxtall barley
and kochia is located in the foreground. Dense stands
of these two plants were found covering large areas
on the saline seep.

The researchers traversed the area denoted by
letter A in Figure 8. The soils of this area were
dispersed due to their high sodium contents. Most
of the soils had salts on the surface and supported
good stands of indicator plants. These factors
indicate that this entire area is a saline seep. It

is impossible to determine the extent of this seep

from the aerial photograph, but it was completely mapped

using the merged data (Figure 11). The saline seep
located at A is over 60 hectares, excluding areas
along the stream channels.

PRE
CEDING PAGE BLANK NOT FiLmen
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Figure 12. A portion of the horseshoe-shaped saline seep
at Coffee Creek.

A mixture of foxtail barley and kochia is
located in the foreground and center of this
photograph. In the spring, this would be
salt-covered and void of vegetation.




Table 1. Saline seep spectral responses from the merged data for the Coffee Creek

study site.
Channels
August 26, 1972 May 22, 1973
Sil\lgl?n?bt;fe 1 2 3 4 , 1 2 3 4
1 34.50 33.67 10.50 19.67 107.50 118.17 112.50 51.17
2 28.20 25.40 30.00 14,20 88.80 95.40 89.60 bo.40
3 27.57 24.57 30.71 15.57 68.14 73.00 75.86 35.71
b 27.65 24.77 32.08 16.96 54,85 56.92 62,50 30.88
5 26.29 22,26 35.60 19.74 38.78 38.18 50.23 26.78
6 24,73 23.19 | 34.31 20.63 35.25 34.62 6,06 27.31
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field conditions. Mr. Clark found that most of the saline
seeps delineated on the classifaication maps were 1n

the field but that several seeps were not mapped by the
computer. These were seeps that were less than 2
hectares in size or those that had linear configura-
tions that were less than 200 meters in width. The
inability to map these seeps is because of the resolu-
tion of the Landsat-1 multispectral scanner. It may

be possible to map smaller seeps if the area imaged by
the Landsat-1 scanner pixel falls within the confines/
of these seeps.

Saline seep mapping capability was also decreased
because of simllar spectral responses from foxtail
barley (a saline seep indicator plant) and wheat. This
is illustrated in Figure 13 where foxtail barley,
located in the right half—of this photograph, is very
similar in color to the wheat that occurs in the
bottom left of Figure 13. The foxtalil barley plants
are_visibly distinguishable from the wheat, but at
this- time of the growing season 1t is impossible to
differentiate these plants using Landsat-1 data.

The abilaty tohmap:seeps that sustain foxtail
barley can Qeagregt;y inprgased with data collected
after the wheat has been harvested. This is a time
when differences can be detected between the harvested
wheat and foxtail barley as shown in Figure 14. The

cut wheat i1s spectrally different from the growaing
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Figure 13. Landscape view showing the spectral similarities
between wheat and foxtail barley.

Foxtail barley, located in the right half of this
photograph, has similar color to the wheat which
occurs in the bottom left. A small area of kochia
is located behind the wheat.




Figure 14. A landscape view of a saline seep located in a

wheat field.

The saline seep in the center of this photograph
is approximately 20 hectares in size. Foxtall

barley, growing on the saline seep, is discernable
from the harvested wheat field.
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foxtail barley located in the center of this photo-
graph. Landsat-1 data collected during this period
should allow for distinct classification between these
two plants, thus enabling detection of saline seeps
that support stands of foxtail barley.

The classification map of the merged data was
reproduced in color using the computer's character
printer and colored ribbons (Figure 15). This map
had an original scale of 1:24,000 and was geometrically
corrected. In Figure 15, the saline seeps are red,
tall wheatgrass is green, and the tillable land is
grey. The black areas correspcnd to the darkest tones
in Figure 8. Four ribbons (red, blue, green, and
black) are available for producing coclored output.
Each color has six tones, therefore, by including

white, a maximum of 25 color levels can be obtained.

D. Slgnature Extension

The saline seep signatures derived from the merged
data were extended outside the Coffee Creek study site
to determine if these signatures cculd be used to map
saline seeps in another area. The RAMTEK, an inter-
active colored monitor system being developed by
ORSER personnel, was used in this part of the study.
The results of signature extension is shown in Figure
16. Saline seeps are depicted by white, tall wheat-
grass 1s tan, and the bench ridges, drainage channels,

and some wheat fields are blue. The majority of the
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Figure 15. Computer-colored classification map of the

Coffee Creek study site from the merged data.

Red represents saline seeps, tall wheatgrass is
green, and grey (+) depicts tillable land. The
black areas correspond to the darkest grey tones
in Figure 8. (Scale 1 em = 1 km)
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Figure 16. Classification map photo
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raphed from the RAMTEK

oera
o
color monitor showing signature extensibility.

This photograph was take
monitor. Saline seeps are
tall wheatgrass is tan, and
drainage channels, and some wheat fields are
blue. Coffee Creek is 1loc

of this photograph. (Scale 1 cm = 2.3 km)
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CONCLUSIONS

A saline seeped area 1n central Montana was chosen
as a study site. Landsat-l data collected from the
site were analyzed by computer programs developed by
the O0ffice for Remote Sensing of Earth Resources, The
Pennsylvania State Unaversity.

The conclusions from this study are as folloys.

1. April, May, and August are the best ftimes to
detect saline seeps. Specific times within these months
would be dependent upon weather, phenology, and growth
conditions.

2. BSaline seeps can be efficiently and accurately
mapped, within resoclution capabilities, from merged May
and August Landsat-1 data.

3. Seeps are mapped by detecting salt crusts in
the spraing and indicator plants in the fall. These
indicator plants are kochia, inkweed, and foxtail
harley.

4, The total hectares of the mapped saline seeps
were calculated and tabulated.

5. Saline seeps less than 2 hegtares in size or
that have linear configurations less than 200 meters in
width were not mapped using the Landsat-1 data.

6. Saline seep signatures developed in the Coffee
Creek test site were extended to map saline seeps

located outside this area.
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RECOMMENDATIONS

The ablility to detect and map saline seeps fronm
Landsat-1 multispectral scanner data is dependent on a
number of factors. To develop an efficient program for
accurately mapping saline seeps, the following should
be considered:

1. Climatic conditions - Maximum salt crustal
formation coincides with the time of wet so1l conditions.
Knowledge of previous climatic and weather conditions is
valuable ancillary data.

2. Plant growth rate and maturity - The ability fto
detect the saline seep indicator plants and to delineate
these indicator plants from the agricultural crops 1is
dependent upon phenclogy. A more thorough understanding
of plant growth rates and maturity rates is needed.

3. Crop calendar and management - Knowledge of crop
species and location in the area of investaigation will
ai1d ain the interpretation of scanner data. This should
include management practices as well as crop calendar.

b, Harvesting patterns - Investigataions should be
conducted to determine 1f saline seep indaicatopr plants
can be delineated from harvested wheat.

5. The merging of two or more scenes will increase
saline seep mapping capabilities.

6. A color monitoring system, such as the RAMTEK,
provides a means for fast display of large classified

areas. Mapping capabilities can duickly be determined
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from the display and this system should be developed
into an operational mode.

7. Further research should be conducted to deter-
mine 1f the saline seep signatures developed in this
project can be extended to map saline seeps in other
areas of Montana. If signature extension 1s feasible,
then a system should be developed for mapping and

inventorying of saline seeps on a statewide basis.
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THE PENN STATE ORSER SYSTEM FOR PROCESSING AND ANALYZING ERTS DATA

G J McMurtry, F Y Borden, H A. Weeden and G W Petersen, Office for Remote Sensing of Earth Resources
{ORSER]}, The Peansylvania State University

ABSTRACT

The Office for Remote Sensing of Earth Resources (ORSER) of ORIGINAL PﬂﬁEEqﬁ?
the Space Science and Engineering Laboratory (SSEL) at The DE POOR QUALI
Pennsylvania State University has developed an extensive
operational system for processing and analyzaing ERTS-1 and
similar multispectral data  The ORSER system was developed
for use by a wide variety of researchers working in remote
sensing  Both photointerpretive techmiques and automatic
computer processing methods have been developed and used,
separately and in a combined approach., A Remote Job Entry
(RJE) system permits use of an IBM 370/165 computer from

any compatible remote terminal, including equipment tiled

in by long-distance telephone connections. Detector errors
occuring 1n two channels of every sixth line of ERTS digital
data were examined, and a statistical recalibration method

was developed. Errors were eliminated after recalibratzon.
Furthermore, after recalibration of data from two ERIS scenes,
classrfaicatrion of a forested area ylelded excellent results
using spectral signatures developed in another area approxi-
mately 150 miles away and from an ERTS scene taken 17 days
earlier Thus, transference of signatures in both time and
space appears feasible. Specific results obtained by using
this system include s study of land use, discrimination
between types of forest resources and vegetation, detection
of previously unknown geologic faults and-correlation of

these with known mineral deposits and ground water, mapping

of mine spoils in the anthracite region of eastern Pennsyl-
vania, mapping of strip mines and acid mine drainage in
Central Pennsylvania, agricultural land use mapping, and
detection of gypsy moth infestation.

THE ORSER SYSTEM

The Office For Remote Sensing of Earth Resources (ORSER) of the Space
Science and Engineering Laboratory (SSEL) at The Pennsylvania State
University has developed an extensive operational system for processing
and analyzing ERTS~1 and similar multdispectral data  The ORSER svstem
was devaloped for use by a wide variety of researchers worhing in remote
seasing, These users represent many disciplines and have a wide range
of evperience anc sWill in photointerpretation and computer usage.

Iaterprecive techniques wnich are used in the system include computer
processing, visual image interpretation, and a hybrid technique which
closely integrates photointerpretive techaiques with computer analytic
procedures.



Computer Processing Facilities

Automatic data processing equipment utilized in the ORSER system 1s
primarily located at The Pennsylvania State University Computation
Center The principal computer is the IBM System 370 Model 165,
consisting of a main frame and attached devices for input and on-line
storage Users may have access to the computer in any of three ways.
central and remote high speed dispatch points operated by the Computa-
taon Center, slow speed Remote Job Entry (RIL) terminals using IBM
2741, Tekltronmix 4010, or similar remote terminals suoported by the user
or by the Computation Center, and intermediate speed remote batch
terminals, such as the IBM 2780, supported by the user or the Computa-
tion Center. The OQORSER processing system for MSS data was developed
for use with any of these entry points. ORSER investigators use RJIE
terminals for most developmental work. Bulk output for final runs is
directed from an RJE terminal to any of the high speed terminal sites.
No program card decks need to be waput, as the M55 data processing
programs are kept in library files  Files for building control infor-
mation or for storang output are available to the user  MSS data is
input from magnetic tapes which, along with user-owmed working tapes,
are managed by the Computation Center,

The Dagital Data Processing System

A standard digital tape format was designed within which all known MSS
sources can convenlently be placed More than one file per tape is
allowed as well as a continuation of a file to another tape. Within
the file, four kinds of records exist {1) i1dentaification records,

(2) table of contents records, (3) MSS response records, and (4) history
records  Each MSS response record consists of a complete scan line
Each scan line 1is numbered and scan lines are always in ascending order
in a fi1le A working file will usually contain one or more small parts
of the whole data set., The table of contents 1s particularly useful in

such cages in avoiding costly searching for data whach are not present
in the file

The system is couched in a multivariate framework  Each observationm,
1dentifiable by scan line and element number, consists of a vector with
as many components as there are channels, At present, each vector is
composed of just MSS response values, It is anticipated, however, that
the vectors will be augmented by transformed scamner data, or by
additional (nonscanner) data such as topographic information.

Although the system is not in a conversational mode, where the user
and the system dynamically interact during processing, the preparatiocn
of the control specifications by a& user operating from an RJE terminal
is conversational. Each program accepts input control specafications,
processes the MSS data according to the specifications, and outputs
the results. For non-RJE operation, control specifications are made
and entered into the system by punched cards. All control specifica-

tions on the RJE are identical in format to the corresponding punched
cards



The programs discussed here are all operational and are documented at
the user's level Although many other programs are used, those discussed
here illustrate the general approach to the processing of MSS tapes.

Detailed descriptions of ORSER programs currently available may be found
in ORSER/SSEL Technical Report 10-73.

The digital tape processing system for MSS data described hers is
regularly run for proauction and has been extended to meet the needs
of various related projects The system was designed to be easily
augmented, typified by the addition of a number of supervised and
unsupervised analysis aund classification algorithms. The general
procedure to be employed for a previously unstudied area or type of
target will be presented and illustrated here.

The farst step 1s to select the particular targets and areas of interest,
primarily using maps Consultation of the catalogues of imagery and
digital tapes will indicate wnat data are available and their quality.
Tapes corresponding to the selected scenes are chosen and the areas of
useful data are specified, Subsets are then produced on separate tapes,
using the SUBSET program These subsets are prepared to gain rapid
processing and short turn around time. It is likely that this step has
already been done in the process of cataloguing and storing ERTS tapes

by ORSER, in which case the appropriate library subset tapes would be
selected directly

A run is then made with the NMAP program to show the overall pattern

of the data. This program 1s written to map element brightness, using
31l channels or any subset of channels, The norm of each multivariate
vector is taken as the measure of brightness. The norm is then converted
to a percentage of the maximum possible value  This value 1s translated
to the mapping symbol for the percentage range within which it falls

The process 1s repeated for every element in every scan line in the data
blocks specified by the user. Output from the NMAP program consists,
then, of a brightness map

The UMAP program 1§ run next, to map areas of local spectral uniformity.
tach element is compared with its near neighbors using the euclidean
distance between spectral signatures as the measure of similarity or
dissimilarity. If the largest distance is smaller than a value speci-
fied by the user, then the symbol for uniformity is assigned to that
element., One or more categories of uniformity can be mapped according
to distances specified by the user. All elements with distances from
their neighbors greater than those specified are mapped as contrasts.
The map output shows the pattern of uniformity and contrasts from which
the user can designate coordinates for training areas for the targets of
{nterest and determine high contrast boundaries between uniform areas.

Signatures and assoclated statistics are next obtained by the use of
the STATS program, which computes the multivarilate statisties for one
or move training areas obtalned from UMAP or similar output. The user
dosignates a training area by line and element ccordinates and the
program computes the statisties for all of the data which fall withan
the boundaries The mean and standard deviation vectors are found, and
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OF POOR QUALITY



the correlation and variance-covariance matrices are computed as well as

the eigenvalues and eigenvectors of these matrices. Frequency histograms
for selected channels are also computed.

When most of the targets have been zdentified by training areas, a
classification run 1S made using the classifier or classifiers deemed
mosT appropriate for the wix of targets under consideration A variety
of supervised classification programs are avarisble, including parametric
and non-parametrac classifiers with eather linear or gquadratic discrim-
inant functions  Preprocessaing before classification is also possible,
using programs for normalization, principal components, canonical
analysis, etc. The output of these programs 15 in the form of a charac-

ter {or digital) map, with each category of classification represented
by a unique symbol.

Digital character maps are useful pramarily as working maps for the user
in the analysis of MSS data. They are inherently distorted in the
length-to-width relationship because of the fixed number of lines and
characters per inch of hagh-speed printer cutpuc, The LMAP program,
vielding output on the CalComp plotter or the RJE terminals with graphic
displays, 15 intended for the productron of distortion—-free, finished
copy, line maps. There are three mzin advantages to line maps when
compared to character maps. (1) orthographic maps to a selected scale
can be made, (2) photographic overlays can be prepared for these maps
(this 13 quite important in the comparison of classification results

wirth corresponding imagery}, and (3) lagible maps for publication
purposes can be prepared.

An example of the use of the programs described above 1s given in
Figures 1 through 8 The !SS5 azta used for this analysis came from
ERTS~1 scene 1028-152%5, scanned on August 20, 1973, This as an area
nortneast of Clearfield, Pennsylvanaiz, on vhich U.S5. Route 80 and the
West Branch of the Susquehanna River cross., The location of the test
site 1s shown in Figure 1, whach was taken from twe 7 1/2 mirute USGS
quadrangle maps. The raght hand side of thas figure 1s from a map
printed 1n 19859, before Route BD was constructed, while the leftr hand
side 1s from 2 1971 map, Fagures 2 and 3 show map ourput for WMAP and
UMAP, respectively. The strip of low braightness in Figure 2 Follows
the river, as does the blank {non-uniform) area shown in Figure 3
Basic statastics for the “stripmine" category, obtzined by the STATS
program are shown in Figure 4, Statistics for the desired catagories,
as obtained from a series of sample sites, are znput co a classiflecatlon
program. Figure 5 shows the output from the DCLASS program which
clasgifies according to a2 mainimum euclidean distance algorithm Ino
thig casge, only twe general categories are represented by symbols;
vaclassified elements are left blank, LMAP output using data from

the DCLASS program 135 shown in Figure 6.

It £requently happens that a sample target is not of sufficient size
oY area to lend itself te categorlzation using the STATS program. Such
targets may be linear features such as streams, or a serzes of small

scatterad features which are nor large enough to be representea as uni-
form areas by UMaP. 1In such casss, these areas are defined for
analysis by an unsupervised classiiier which develops 1ts own set of
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Figure 1, Test site northeast of Clearfield, Pennsylvania. (Taken
from USGS 7 1/2 minute guadrangle maps, "Clearfield” and
"Lacontes Mille," both printed im 1971 and 1939, respectively.)
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8LOCK SPECIFICATIONS

B N L I e,

BEGINMING LINE 1030
ENDING LINE 1059
BEGINNING ELEMENT 2470
ENDING ELEMENT 2525
LINE INCREMENT 1
ELEMENT [NCREMENT 1

2467012475]12480{248512480§2495(2500{25051251012515(252012525!

1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1051
1042
1043
1044
1045
1046
1047
1048
1049
1050
1051
19052
1053
1054
1055
1056
1057
1058
1185 9

I | ! ! ! | i ! ! I ! !
PAXKARKRKRKARNK -~ RUXA-H0000000 - = XX AR KX RN A KK - = - - XA KX AK K
PRARXXAK--XRX-K - REARKAXAARAARN = AR A KA RKL L L~ = KUK HKALRAK Y

[ XXXXXKK==XXXXXK=  =XXXXXXXKXXK===KXXXKKXX=m o XXX XXXXXX{
[XXXXKKR====XKKKK === =XAXAXKAKX  ~XXAKKK K=o mmm XXAXX XXX |
| XXAXKKXm ==X XXX KKK = = “eXKAXXKK»  moKmmmmmmmaae XX===XX|
[ XXXXXXXXXRXXXXX=XXKKK====~ == Kemmmmmvm s me s X==-XXX]|
= Koo XAKKAXXKAXKAK KL KA K mmm e mmmmmmmmmmeaae XX===XXXX]
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spectral signatures and statistics using a clustering algorithm., The
map output of one such program, DCLUS, is shown an Figure 7. A compari-
son of Figure 7, with the DCLASS output of Figure 5 reveals that DCLUS
vas able to map some features which could not be mapped by DCLASS with

STATS signatures. Map output from DCLASS, using signatures from the
DCLUS stacdistics, is shown in Figure 8 in LMAP form.

The approach employed for change detection or where a temporal dimension
is involved 1is similar to the approach for non-temporal analyses in many
respects. The major difference is in the establishment of permanent
training areas for supervised analysis and classification and permanent
analysis areas for unsupervised analysis and clagsification. These
areas must be selected and specified more carefully and with more
refinement than when the temporal dimension is not of interest.

HYBRID ANALYSIS

After separate analyses of ERTS-1 data by photolnterpretation alone and
by computer processing of MSS digital data without the assistance of
photointerpretation, it became apparent that each method had short-
comings which might be overcome if the methods were combined When
applying photoilnterpretation techniques to ERTS imagery, in only a few
cases could a feature be uniquely determined by this method alone. The
use of U2, C130 and C54 imagery has been found to improve these inter-
pretation results, but photolnterpretive techniques have not been
coupletely satisfactory as a single means of analysis. Computer differ-
entiation of areas from scanner data is far superior to that done by

the human eye. Computation of areas from the digital data makes
delineation of these areas unncesssary and is far more accurate than
planemetric methods at the scale of ERTS MSS imagery  Sance the end
result of processing ERTS~-1 data is a map, the automated processes of
thematic mapping by computer is the efficient way to go. However,
"ground truth" is the key to correct signatures for this mapping.
Underflight data and photointerpretation of underflight photography,

as well as of ERTS imagery, are vital limks leading to valid signatures
for the thematic map. A marriage of these two disciplines, photointer—
pretation and computer processing, is essential for maximum utilization
of ERTS~1 data, Thus ORSER investigators evolved a method of ERTS MSS
data analysis referred to as the “hybrid appreoach™ and shown in Figure 9.
This method involves intimate interaction of the computer analyst and
the photointerpreter, using aircraft photography for comparison with

the computer output, A Bausch and Lomb Zoom Transferscope 1s frequently
uwsed for this comparison,

CORRECTION OF BANDING IN MSS DIGITAL DATA

In the ERTS-1 instrument configuration, six banks of the four channel
sensors record data for six scan lines simultaneously. MSS digital
data have been received in which data for every sixth scan line was
found to be inconsistent. The effect was first recognized as banding
with a modulo of six in computer cutput maps. To investigate the
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Explanatzon of the steps shown in Tigure 9.

PRELIMINARY PROCEDURES SECOND LEVEL MAPPING
A ! Determine scan line and element limits A. Attempt to identify items outside txarning
B. This becomes the working tape. areas.
c. Identify clouds B. Define items not subject to definition by

D. Review scene for definable boundaries training areas These might be lanear
features or stream channels. Add these

to the list of signatures and continue.

FIRST LEVEL MAPPING
C. This a recycle, wath smaller training

A. Collaboration of the photointerpreter and areas and more welght placed on cluster
computer mapper Select easiest targets analysis
first. Choose spectrally homogengous 1tems
with positive geographie locations. Salect THIRD LEVEL MAPPING
replications 1n widely separated areas
B Identify some targets (training areas) on A. Review the classificat.on categories origi-
MMAP or UMAP nally defined as desirable  If present map
¢, Check for uniformity on UMAP  Attempt LO output is unnecessarily refined, combine
find a large number of like elements Loop some groups
A, B, and C until a sufficient number of B Some categories will reguire breoadened spec—

tral parameters A serles of successive
approaimations will be required to defaine
these unité. The resulting training areas

training ateas ace identifaed
D Review statistical charactertsties of
defined targets

E Make first rum on classilfication map will be less spectrally homogeneous

T This s a verification step Project U2 ¢. Requires collaboration of the photointer-
image onto computer map. Identafy satis- preter and the computer mapper
factory classifrcations, If some areas D  Establish limzeting goal.

lack definition, redefine training areas.

!The lecters correspond directly to those showm in the diagram

TABLE 1
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problem, the NMAP program was extended to compute the mean and variance
for each channel for each line modulo six. In some cases 1t was deter~
mined that the mean value of every sixth line was less than one-tenth
the value for each of the other five lines for the third MSS channel.
{(The other three channels were counsistent for the first five scan
lines.} Similarly, the standard deviation of the sixth line in the
fourth M85 channel was found to be about six times larger than corre-
sponding values for the other five lines.

It was apparent that the data could be recalibrated, at least in an
approximate way, by use of the MSS data alone. Output from the NMAP
program indicates which sensors in which of the six banks of sensors
are lnvolved, The SUBSET program has been extended to allow input of

recalibration parameters for the offending sensor data. The following
correction is then applied-

eyl

~ - — * -
Lgie = [y = K81y * s + Xy
where
Xijk is the recalibrated value for scan line i, element j,
and chamnel k;

xijk is the corresponding original value,
ii& is the computed mean for channel k and for line
2 = modulo (3,6) 4+ 1 taken from NMAP output,

Siq is the corresponding standard deviation,

s, , is the recalibration standard deviation computed as the

average of unaffected standard deviations for chamnel k
based on NMAP output, and

E;z 1s the corresponding recalibration mean,

This correction has eliminated the banding problem in 2ll data te which
it has been applied.

RESULTS

The applications objectives of the ORSER interdisciplinary investigation
are grouped into three major categories. (1) geology and hydrology;

(2) inventory of natural rescurces and land use, and (3) environmental
qualxity.

Applications
Specific results obtained to date include a <tudy of land use, discrimi-~

nation between types of forest resources and vegetation, detection of
previously unknown geclogic faults apnd correlation of these with known

A-17



mineral deposits and ground water, mapping of mine spoils 1n the
anthracite region of eastern Pennsylvania, mapping of strip mines and
detection of acid mine drainage effects in Central Penmnsylvania,
agricultural land use mapping, and detection of gypsy moth infestation.

Temporal and Spatial Transference of ERTS Spectral Signatures

Spectral signatures were developed for various vegetative and vater
targets in a forested area near the East Branch Reserveir in north-
central Pennsylvania, using data from ERTS scene 1028-15295 for

August 20, 1972, These signatures were then used to classify targets

in the Stone Valley Experimental Forest for scene 1045-15243 of
September 6, 1972, These signatures were initially used without
success. The data for the two scenes were then recalibrated to match
means and variances by channel and modulo line nuwber in accordance

with the recalibration algorithm given above. After this recalibration,
excellent classification of the Stone Valley area was achieved using
data from the East Branch area. Since the signatures used for classifi-
cation were developed from ERTS data collected 17 days earlier and in an
area approximately 150 miles away from Stone Valley, it appears that
transference of spectral signatures in both time and space is feasible.

COST ANALYSIS

Two major components of the cost for analyzing and iaterpreting ERTS-1
digital data are computing cost and persomnel cost. Computing cost can
be partitioned inte the cost for spectral signature identification and
the cost for processing bulk data after signatures have been identified.
The major personnel cost 1s associated with the development of signa-
tures, since remote sensing analysts and interpreters are required for
this phase In the processing of bulk data, much less personnel time is
required, although analysts and interpreters remain closely involved in
evaluaring the products.

In the Susquehanna River Basin test site in Pemnsylvania, two character-
istics dominate the analysis and interpretation of ERTS-~1 data. These

are the diversity of targets and the areal smallness of target units.
Compared with other areas where these characterlstics are less pronounced,
signature jdentification presents a greater challenge and 1s therefore
likely to be more costly. In addation, the cost for signature identifi-
cation 1s contingent upon the nature of the particular problem to be
solved and therefore it is difficult to categorically specify this cost.

In the computation cost evaluations provided here, the computer run
costs are based on the standard rates charged at the {omputation Center
of The Pennsylvania State University., The ORSER MS3 computer analysis
methods emphasize the minimization of computation costs by being
designed for signature identification based on short computer runs om
small subsets of ERTS-1 data.

Data for personnel and computation cost were obtained for a typlcal ERTS
scene analysis, For the identification of 22 signatures judged necessary



to meet the analysis objectives, *he personnel cost was $400 and the
computation cost was $600, a tot 1 of $1000, Using the 22 signatures,
mapping of a full ERTS-1 scen¢ ost $560, based on a2 cost of $0 043 per
square mile, Considering signature identification cost plus full-scene
processing cost, the cost per square mile was §0.12, TFor subsequent
scenes of the same area, signature identification cost would be expected
to be substantially less because, in the first time through, a great
deal of perscmnel time and computer cost are spent In familiarization
and learnang for the specific area and targets. Much of this worlk doas
not have to be repeated in subsequent analyses of the same zrea.

Data have been accumulated for the computation costs of rununing different
programs. For subsetting a complete ERTS-l digital tape, the cost has
averaged $0.032/square mile. The cost of running mapping and classifi-
catlon programs has been found to be dependent on the number of signatures
as well as the area to be mapped. The dollar cost per square mile {(C)

as a function of the number of signatures (5) has been found to adhere
to the following formula,

C =5 (2.56) 10°°

For 15, 30, and 60 signatures, this cost rs $0.038, $0.075 and $50.154,
respectavely,

The computer time required for running mapping and classification programs
is also dependent on the number of signatures and the area to be mapped.
Typically, one complete ERTS scene can be classified using eight
categories in approximately one hour.

The above calculations of analysis and processing costs have not taken
into account the cost of developing the dagital computer processing
system The system was developed so that it could be easily used for
processing ERTS-1 as well as any other satellite or airborne platform
MSS digiral data. The system development has not been financially
supported by the ERTS-1 project, although it has received partial NASA
support through a sustaining University grant., Extension and modifica-
tion of the system has been partially supported im the ERTS-1 project.
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Saline seep investigators and potential users were
contacted during this study. Many of these people were a
valuable asset to the study. TPFollowing are the names,
addresses, and brief descriptions of the people and organiza-—
tions that interacted with personnel on the Penn State saline
seep project. Some of the correspondence from these people
are also included in this Appendizx.

Jack W. Rodgers

Montana State So0il Scienfaist
P. 0. Box 970

Bozeman, Montana 59715

Selected study site for the project and supplied
1:24,000 and 1:40,000 aerial photographs of the site.

Clair Clark
So1l Conservation Service
Lewistown, Montana 59457

Organized a 2-day field-trip to the study site and
other saline seeped areas. Provided detailed informa-
tion on all aspects of the saline seep problem in
Montana and study site. Evaluated and field checked
final mapping results,.

Paul L. Brown

Agraicultural Research Service
P. 0. Box 45-1307

Fort Benton, Montana 59442

Gave a tour of the Highwood Bench in Chauteau
County, Montana which 1s a saline seep area being
studied by the Chauteau County Alkali Control Associa-
tion and alse the 0ld West Commission.

01d West Commission

Comprised of researchers from Montana, North
Dakota, and South Dakota. A copy of the proposal to
study the saline seep problem with remote sensing
techniques is given in this Appendix.
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Donald G. Moore

Remote Sensing Institute

South Dakota State University
Brookings, South Dakota 57006

Member of the 01d West Commission. Sent a map
showing the location of flight lines for data collection
over saline seep areas in Chavteau County, which was
flown for the 01d West Commission. A copy of the Penn
State 8aline seep final report was sent to Mr. Moore.

Gerald A. Nielsen

Plant and Soil Science Department
Montana State University

Bogeman, Montana 59715

Member of the 01d West Commission. Several tele-
phone conversations concerning the Penn State saline
seep project and the 013 West Commission saline seep
project. There was an exchange of research proposals
and research objectives and the possibility of mutual
study sites.

Robert S. Duncan

Administrator, Staff Services Administrator
Department of State Lands

Helena, Montana 59601 -

Requested information on the Penn State saline seep
project. A copy of the final report was sent to Mr.
Duncan.

Roger Veseth \
Saline-Alkali Program
Department of State Lands =
Helena, Montana 59601

Requested information on the Penn State saline seep
project. A copy of the final report was sent to Mr.
Veseth.

Leland Cade

Editor for Montana Farmer-Stockman
Professional Building

Great Falls, Montana 59401

Interviewed Gary Petersen and George May and wrote
an article in the Montana Farmer-Stockman concerning the
application of remote sensing technigues to the saline
seep problem.
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September 15, 1975

Dr. Gary W. Peterson, Codirector

Office of Remote Sensing & Earth Resources
219 Electrical Engineering West
Pennsylvania State University

University Park, PA 16800

Dear Dr. Peterson:

The Department of State Lands 1s responsible for coordination

of saline seep related research and control projects in
Montana.

Recently, we were informed that you and George May are
currently attempting to utilize ERTS IR remote sensing to
delineate and map saline seeps in Montana, and that you
have been in contact with Dx. Paul Brown, ARS, Fort Benton.

It would be highly apprecirated 1f you could supply us with
any additional information concerning this ERTS project and
what may be some of your preliminary conclusions as to the
usefulness of ERTS for saline seep detection and monitoring.

Allow me to thank vou in advance for your cooperation.
Wishing you the best of luck in your efforts.

Sincerely,
Koger Ve ee X

Roger Veseth
Saline-Alkali Program

RV/aj

OFFICE FOR
B-1 REMOTE SENSING OF EARTH RESOURCES
270 ELECTRICAL ENGIMFFRIM" V=T
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SOUTH DAKOTA STATE UNIVERSITY 605/688-4184 BROOKINGS, SOUTH DAKOTA 57006

June 23, 1975

Dr. George May

Office for Remote Sensing of Earth Resources
Pennsylvania State University

219 Electrical Engineering, West

University Park, Pennsylvania 16902

Dear Dr. May:

We are enclosing a copy of a map which shows the location
of the flight 1ines for data collection over saline seep areas
in Chouteau County, Montana. The weather has not been suitable
so far to enable us to complete the data coliection flights.
Frequent weather checks are being made and we will proceed as
soon as some clear skies are available.

Any 1nformation which you have developed concerning saline
seeps would be greatly appreciated. We would also like to be
placed on your ma1ling 11st for information which may become
available to you in the future. In return, we will be pleased
to cooperate with you in any way we can to exchange information
on our efforts.

'Sincerejy,
7
e //
DONALD 6 MOORE
Soi1l Scientist
DGM/ss

Enclosure
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Montana State University

College of Agriculture

Agncultural Expenment Station  Tel 406-994-460!
Bozeman, Monfana 5975

Plant and Soil Science Department February 20, 1975

Mr, George May
Office For Remote Sensing

of Earth Resources
219 Electrical Engineering West
Pemnsylvania State University
University Park, Penn. 16802

Dear George:

Enclosed 1s a copy of the research proposal that we discussed re-
cently by phone. This project has been funded by the 0ld West Com-—
m1ssion and work has begun in South Dakota, North Dakota and Montana.

The first £light will be made between the first and tenth of May,
the second no later than mid September, and the third has yet to be
scheduled. If we can wvork out a cooperative effort it would seem
likely that adjustments could be made so that the flights would coin-
cide with the ERTS overpass.

In Montana there will be high elevation and low elevation flights
with flight widths approximately 10 miles and 1/2 mile respectively.
The locations are as follows: Chouteau County, on the boundary line
between R17E and R8E for the entire length of T22N. In Stillwater
County the flight 1s on the line between T4N and T3N and includes half
of R20E and half of R21E.

I suggest that you contact Donald G, Moore, Research Soxl Scientist,
Remote Sensing Institute, South Dakota State Universaty, Brookings, South
Dakota 57006. His phone number 1s area code (605) 688-4184,

If T can do anything to help bring about a coordinated effort with
regard to the adentification of saline seeps, please call om me again.

Sincerely,

ég( Vg

Gerald A. Nielsen
Professor of Soil Science

GAN *ddg

Encl, - 1

CC: K. C. Feltner, Dept. Head

Jim Krall, Saline Seep Program Coordinator
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March 7, 1974

Mr. Gary Peterson
Penn. State University
University Park, Pennsylvania 16802

Dear Mr. Peterson:

This Department may soon have the responsibility for mplementing
saline seep programs in Montana. I understand that you or George May
have done some work on remote sensing detection of saline areas. Infor-
mation on your work would be appreciated.

Sincerely,

/L«f%(“»j @ Lt PR

ROBERT S. DUNCAN, Administrator
Staff Services Division

RSD* pm

B-7



SUBIECT

TO

UNITED STATES DEPARTMENT OF AGRICULTURE
SOJL CONSERVATION SERVICE

P. 0, Box 970, Bozeman, Montana 59715

SQTLS - Fexrgus County paTE  July 27, 1973

ATR MATL

Dr., Harold L, Mathews

NASA

Goddard Space Flight Center-Code-650,3
Greenbelt, MD, 20771

Dear Dr. Mathews:

Encloged are two sets of aerial photography of the area around the small
community of Coffee Creek in Fergus County, Monktana,

The flight line 1s east-west and the scale 1s 1:40,000,

Also enclosed 1s a Montana State Highway map and a map of Fergus County.
Will send you another county highway map next week.

Sincerely,

i L s, SEF G ae

e

Jack W. Rogers {

/ State So1l Scientist

ce:  Linford

O
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October 18, 1974 >

“TCever”—From Lrp_nence-—
Vision i kducation ad Resewrch

TO. Billings Saline Seep Tra-State Workshop Participants mﬁ1f¢“r“{%§§§€3
L’““"—“Q
FROM Mauriece L. Horvrton /N 57.4 . \
M N \14\\3"{11

SUBJECT- Saline Seep Progect

byl )l
:

At

o 4o W0 DE

1he attached saline seep reseavrch propesal hac been prepared for anticipated

submission to ithe Office of Water Research and lechnology as a wratch.ag fund
project - - - -

The fairst diaft was prerared by Mauvrice Horton and <hould be considerad a work
copy. DPlerse evaiine this proposdal and nake comments to John hiersma of
South bahuta or to L. B. Norum of North bDakote or to ted Williams of Moniana.

Sauce Lhe «.cpoci’ is due in the OWRT office dhovenler 3, 1974, all changpes
nust e vende quictly Patazls vemeadzsr coctroot @ rdwmzoz-oi-itacn of
furur-g can b2 vorked out leter througn tle OVkI ¢1irectors.

I w111 be callia, the 2bove named contact men on October 28 for proposal

1 real.rze that rrcoesil wall need consideioble reviesiuon before 2t Is

th2 PR
tecdy Lot submiszion.,  Flease maice your cumacats auna deglies bnowa,

ORIGINAL PAGH 1§
OF POOR QUALITY]
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PROJECT OUTLINE

TITLL Vater Conservation and Saline Seeps
- f

PROJECT DURATION.

Beginning August, 1975 and ending January, 1978
PROJECT OBJECTIVES:

The purpose of this study is to develop and test techniques for detec—
tion of potential saline seeps before they become problem areas. Saline seeps
are recently developed wet salty areas in which the soil surface 1s contin-
uously or intermittently wet. White salt crusts are often present and crop

production on the seep area is reduced or eliminated.

Specific Objectaives

1. To determine if the appearance of new seep areas can be predicted
A Y
from the reflective or(thermal characteristics of the land surface.
2, 'To test the\accuracy of saline secp deteclion using surface char-

acteristics by comparison with a'standard ground survey method.
- ! N 12 Thas al-(“,\c‘l
3., To determine the feasibility of using the surface characteristics

method to survey the increase or decrease in seep affected so0ils
over a broad regiomn.

RELEVANCE OF RESEARCH:

+

It seems incredible that a system of dryland {arming developed for the

Northern Great Plains could conserve sufficient water to create a new problem,

saline seeps. '

t

The problem stems from the geology of the region coupled wilth excess

waler moving through the soil profile, The soils of much of the Northern

Great Plains are underlain by'salt laden shales which serve as a barrier to

~

downward movement of water. Excess water accumulates during fallow periods,
4
B-~10



during periods of high rainfall, or during perlods of snowmelt, Over a perlod
of ycars the excess water moves through the soil profile and collects on top
of the salty shale barrier. The salt enrichened water gradually moves down-—
slope where 1t accumulates in low areas (discharge areas) and eventually
breaks out at the ground surface. The water evaporates at the soil surface
leaving hehind the socluble salts., Eventually the discharge area becomes too
saline for plant growth.

In addition to the land removed from production in the active seep areas,
the surrounding land becomes difficult to manage. Active seep areas cannot
be crossed with farm machinery; therefore, farm cperations require irregular
patterns which cause considerable inconvenience to the operator,

In addation to the 1inconvenzence of farming around seep areas, the most
effectaive crops for planting on the recharge or discharge areas are not al-
ways ciops that fit the farming operatiom,

Geolougical conditions favoring salaine seep formation are present over

vast arcas of Montana, North Dakota, South Dakota, and Canada. Miller and

Bond (1973) estimate that a total of 228,000 square miles of the’ Northern
Great Plains are potential areas for saline scep development. Figure 1 1llus~
trates the region of concern.

¥Miller and Dond (1973) estimate that the Missouri Dasin 1s storing water
equivalent to appreoximately an inch of! precapitation per year. The groundwater
buildup assoclated with the alternate crop-fallow system appears to be the
most reasonable explanatioun f?r the runoff deficit in the Missouri Basin.

Viath more than 30 years of water accumulation, recent growth of saline
seeps hias been extensive and rapid. Fgr example, Cade (1973} presented data

from the Soil Conservation Service showing a growth in saline seep affected

area in Montana from 535,700 acres inm 1969 to 152,500 acres in 1973, A recent

B-11



(September 18-19, 1974) Saline Seep Conference held in Billings, Montana, in-
dicates a parallel growth of the problem in North Dakota and South Dakota.

Several recent workshops or conferences have singled out the saline seep
problem as & high priority research area. The OWRT Evapotranspiration Work-
shop held in Maghattan, Kansas, on June 4-5, 1974, recognized saline seeps as
a research problem of highest priority. The Missouri Basin Commission cited
saline seeps as a Basin concern at the Commission's 1974 Summer Meeting,
The special Saline Seep Conference held in Billings, Montana, on September
18-19, 1974, explored the extent of the seep problem, current investigations
and research needs relative to saline seeps. One area of research that was
recognized was the need for techniques that would permit detection of poten-
tlal seep sites before they become problem areas.

The research propesed here attempts to £1ill zan important gap in the
knowledge about saline seeps. Early detection of potentizl seeps would make
it possible to adentify and initaiate treatment of the recharge and discharge

t

areas to prevent formation of an active seep.
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RESEARCH YROCLDLRES:

1he proposed research procedures utilize recently developed ground survey

technigees for saline seep study together with an experimental approach based

on the reflective and thermal propertles of surfaces. The presence of a high

water table and the growth of indicator plants should provide detectable

photographic or thermal characteristics that will indicate potential seep

sites. S e at T

\'“l{“rg 3-{- - + | - ¢
] -j RS Mq,y ~ oy L

An gt
The Specific Procedures are:

.

ey

1. Selected ground sites in Montana, North Dakota, and South Dakota .

will be flown by alrcraft to collect photographic and thermal

1

imagery of potential scep areas.: The Remote Sensing Institute
in Brookings, South Dakota, will be responsible for the aircraft um” o
o Arrlyryat
g - y
data collection, duplication of film for users, providing prints S

of the study area and for developing 1nierpretative procedures.

b~
As soon as imagery and\analysis proceduresysare developed, 4 YRS
Me i ke
training conference will be held to prepare the project partic— £ Qe

akJ(.j_ akn, ‘,a'}-l.f‘tt

ipants for analysis of the data from g:efch ground Sit’é_,)vH"wh“] Sezp Site da¥e |f*
S— e e 2
b

—— — $¢,l. 1
—. === >Potential secep sites located on the imagery will be verified chrﬁ‘
S - m—— LI
“"-‘Vb{ (ch‘r le;‘,,, T2 fa ,’}
CCamhine wn the by ground survey.. Each state wil)l be responsible for conducting

[l TR M
4 1ts ground survgy. # of Acris 7 ) seule of )‘;""L"‘? sl ‘\"-'-'-’j""g LAl

4 EW X AN (" --;.t-;‘.} el ({"IC\t o Towe w2 P B T 4%\,.7'
2. The accuracy with which saline secps can be detected from sur-

face characteristics will be determined by comparison with ground LiC
observaticns using the 4-probe method as described by Rhodes and

Halvorson (1974). Montama and North Dakota have experience in

4-probe field studies. Each state will be responsible for its
respective 4-probe surveys. Suitable common statistical techniques
will'be used for comparing imagery analyses with 4-probe results. X

B~13
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3. Changes in the Imagery from one observationsto the next will be
‘ over whot 4.,
used to determine 1f the increase or decrease in seep affected Plripng ?
solls can be determined by survey of broad regions. Simple change
detection procedures using diazo prints or machine color coding

/

should give a measure of the rate of increase or decrease in seep ol

area, ‘

OBlGINAlnigii%gs An additional procedure that relates to objectives 1 and 3 is
OF POOR

[

the use of specialized imagery enhancement techniques. The

Remote Sensing Institute has Signal Analysis and Dissemination
Equipment (SADE) and color enchancement equipment (128). Se-

lected 1magery of ground sites will be analyzed using standard

mdchine procedures to determine 1if image enhancement can separate -
out seep areas from non-seep areas. The advantage of the image
enhancerent technique is the rapidity with which seep areas could i

be surveyed.

5. A gignificant feature of the project will be the coordination of

procedures and data interpretation techniques. Periodic confer-

ences are planned to assure that the research workers in each

state are using appropriate methods. The greatest benefit of the
’ o

conferences may.be the iInformation dissemination that will occur.

Inclusion of extension specialists at the conferences will assure

technology transfer to the farmer with the problem. The real pay-
off for the project will be 1f active seeps can be prevented or .~/
remitted by timely tredtment of recharge and discharge areas.

B-14

R ) oL : .
SﬂO\—t 2v v or F{',Hodsc, C_L\[\ﬂ‘jﬁ [ (’_,lrn\a‘{’e_ rnc‘y !3& ¢ VVdg o

Cort rmibnl g ‘%o “he  saflint €&£f %kOULWH Ts The }ﬁL{jh3¢d \n The

{, . ' NI ;oo .
Fr€ Cent thr‘ AT l ? M %8 CLM un, .-6: /ig"l“' }}l’ﬁq‘:"e'j - m‘u cy)-"'\\J"Q

> 3 T et 3 t s Fenhy
(‘{'ﬁxﬁ ,‘1.* :.\,«:'\.oa).‘\.{\‘a‘-j\ .;,v c:.t..j'l\ - AYVOLVC-O\K‘- LQIJ\-IJJ\W\ ,<w.~(>4'.4 A—L;;M L Aty L/

L.

., /.- P R Lot



. ' [ 1
(_1;1.9. ,tRJL’Lc-' 39'0,%\_ rr_ .,r’.‘n}mg_ o MM?‘-L«»@ _
SPIPIR UL SO 5 NVITRY Y-
Y. TR ?w r: "L"“AM A..o-ﬁuvu.. 2 (F,. .‘/‘#Maﬁ + }.i-c_»!vzm.?c
RELATED RESTARCH. e R B TR TR A IV > 8
o M o f]l-\.\_r"*l S Y NI ¥ 0% b J AT Ay b Haa
L\
(This section to be developed) SV N 2“ Batviconce  ame b oFne
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PUBLICATION PLAN: N N Aprutiasy AFppse, 1ea i, dosie 1l

In addition to the OWRT completion repert, the research results will be
published in appropriate state bulletins and nationzal or International.jour-
nals, It is anticipated that the Journal of Soil and Water Conservation or
the Soil Science Society Proceedings would be likely publication avenues.

Popularized state publications on research results will also be iIncluded.

INFORMATION DISSEMINATION PLAN:

Potential users of the research results include extension workers,
county agents, farmers, soill conservation personnel and other workers in,
soil and water.

The initial dissemination of results will be through planned joint state
conferences where soil and water extension workeis are expected to particapate.
In addirion, research progress reports and, perhaps, oral presgntations will
be given to Intercsted groups,

PRIKCIPAL INVESTICATORS.

Montana:
North Dakota:

South Dakota., Maurice L. Hortoq

, ORIGINAL PAGE IS
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(Biographical sketches to be added)

Donald G. tloore

Project Officer:

John L. Wiersma



TRAINING ACCOMPLISHI{ENTS.

One of the training objectives will be to develop saline seep Indicators
for use by extension and fileld personnel. The indicators may include surface
geology, reflectance, thermal, and plant components.

Students or research assistants employed for field or laboratory work

will receave training in use of 4~probe equipment and in photp interpretation.

—_ o ep————
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PROPOSED BUDCET

(Not in correct OQWRT Form)

{

4,

Alrcrafr Data Collection
Film Supplies

Film Processing

Image Enhancement

Total

for 9 flights
(3 per siate)

Personnel

Staff Support
Student Labor

Total

Travel
Conferences and Field

Total

Equipment

Light Tables(3)
4-Probe(3)
Masc.

Total

Publication and
Information Dissemination

Total

OWRT Total
Matching Total

TOTAL

1

Total for Project

£38,000 This is budgeted to the Remote
Sensing Institute and 1s considered
to provide equal support for each

state.
$18, 000 6,000 6,000 6,000
3,000 1,000 1,000 1,000

$21,000 + equal matching

$12,000 4,000 4,000 - 4,000

$12,000 + equal matching -
5 900 300 300 300
1,500 500 500 500
600 . 200 200 200

$ 3,000 + equal wmatchang

$ 3,000 1,000 1,000 1,000
$ 3,000 + equal matching

$77,000 -
77,000

$154,000 | -
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¢ PREPARE FOR SALINE SECP CONFERENCE oo
NI A
~ / r NJ
. 1. P);éject Goals & Objectaives. ' Mr--“J &
. ~ - >
'b)\’(‘*’ a?\\}\\‘u;’ A. Pages 6-9 of OWRC Proposal. \' “\3\«
\"" O A%, B, Discuss objectives & tasks. *\ /
' P !
ar i €. RSI flights #1 & #2 are research ( May 75 \,{J
U ( Sept. ﬁ
, RSI flight #3 may be survey oriented. —> Map. k’g\’
° II. Ground Truth
A, Ground Fruth Specialist ~- MT & ND
! B. Data Requirements —- Form
f';- Tt e 1 Land Use Along Flight Line ~-~ overlay on base map.
I T ,//,,\ 2. Soils & Geologic Materzals Along Flight Line -— overlay on base map.
7 Teny s 3 Location of Seeps by Class Along Flight Line —- ove.lay on base map.
v a T
< \\" J P Ground Photographs Along Flight Line —— overlay on base map.

6. Size of Seep Affected Areas Along Flight Line

o (s N A/
’\k}“;}:/ 5. Four-Probe Data.

IIL.

Flight Plan Maps —— Actual location of flights

h 2
B ”“{‘\q I.U-‘)
\f‘[)j . Plan of Work ; / 9}) Nu& W P:"?Q:‘(
%, L
$§{j\hﬁ~‘A' Conference #1 -~ Jan. 29-30, 1975 ///,» é}&ﬁkﬂdﬁt&
j)"%x*%{ B. Pre-flight & Field Data —- Feb. - May, 1975
S N C. Fiight #1 -- May, 1975 — Man 15 -2 j‘ﬁ’t MT. 1072 :?}
~ 3

=, Photo Interpretations Training - Conference #2 -- August, 197
F. Ground Truth and Pre-Flight Planning -~ August, 1975

Ground Truth & Data Products Processing -- Jupne - July, 1975""7' 2%
341)41(‘:9)'
v oy ?JJ'U”

4-'_@4&? QJ}

G. Flight #2 —- September, 1975-)4&5;{; 2t /&7&«;{- i } y

! P H. Photo~Interpretation & Ground Survey --— Sept.-Oct., 1975
’lu:,-’q o I, Image Analysis -- Nov. -~ Dec., 1975 m?
q-pwbt 'Q: “ Data Analysis -~ Jan. -~ March, 1976 WM*;"‘ )
4. ;’“\ 0Ly J. Data Processing, Interpretatiomns, Enhancemént, Ete. —— Apr. - Sept., 1976

K. Conference #3
L. Flight #3

Data Summaries, Preparat:ion‘ of Final Report for OWRC -~ Oct. - Dec., 1976
N. Completion of OWRT Work, Preparation of Manuseripts -- Jan. ~ Sept., 1977

0. Final Report OWRT & Publications =-- Oct, ~ Dec., 19{5
ORIGINAL PAGE
OF POOR QUALITE
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