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SUMMARY

The Water-Related Land Use Inventory Report of the Sevier River
Basin is another in a series of land use reports prepared by the Division of
Water Resources. In compiling these reports, the division has developed a
program to determine water supply and water use throughout the state. The
hydrologic and climatic data required to make these determinations has
generally been available from other state or federal resources agencies, but
up-to-date land use data has not always been available from outside sources.
The land use inventory program of the division was set up to provide data
needed in the preparation of water budgets, hydrologic inventory reports, and
other state water planning needs.

The water-related land use data for the Sevier River Basin was
collected in three separate studies corresponding to the upper, middle, and
lower portions of the basin. The division contracted with the University of
Utah Center for Remote Sensing and Cartography (CRSC) in 1981 to provide land
use data for the upper Sevier River area, and again in 1984 for the same
services on the middle portion of the Sevier River. The division contracted
with Olympus Aerial Surveys Inc. in 1985 to provide the 35mm photography on
the San Pitch River drainage and the lower Sevier River basin to complete the
land use data requirements for input to the Sevier River Hydrologic
Inventory. The methodology used by the CRSC is summarized in this report and
given in detail in the CRSC Reports 81-6 and 84-5, Supplements I and II to
this report.

The water-related land use data for the Sevier River Basin is
displayed in the report by study/subarea (see Figures 5 through 17) and
tabulated by study/subarea and county in Tables i and ii of this summary and

are repeated in the main body of the report as Tables 2 and 3, respectively.
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The division inventoried 461,847 acres of land in the Sevier River
Basin. This included land in Juab, Millard, Sanpete, Sevier, Piute, Kane,
Iron and Garfield counties. This represents about seven percent of the
entire Sevier River Basin (approximately 6.7 million acres). Of the 461,847
acres inventoried, 350,166 were surface irrigated cropland; 30,922 were
grasses, hays, and pastureland which receive subsurface irrigation; 49,624
were phreatophytes and other wet/open water areas: and 31,135 were
residential/industrial areas. In addition, approximately 36,865 acres were
classified as idle agricultural land. In conducting water-related land use
inventories, the division attempts to inventory all lands or areas that
consume or evaporate water other than natural precipitation. Non-irrigated
agricultural lands are generally mapped if they fall within or border
irrigated lands. Non-irrigated lands away from irrigated lands are normally
not mapped. Acres shown in non-irrigated category reflect only the number of
acres mapped, not the total number of acres that may be in that category in
the basin.

This report also discusses the Division of Water Resources’ previous
and present methodology of collecting and processing water-related land use
data. It discusses the various land use classification codes used in past
studies and what is now considered the Standard Land Use Codes, which the
division adopted in 1988 for all land use/land cover studies.

The information should be valuable to a variety of users, including
county and city planners, state and federal agencies, and private land
owners. The division will use the data to update water budget reports,

operate basin hydrologic models, and in state planning reports.



INTRODUCTION

The Division of Water Resources has been charged by the Utah State
Legislature with the responsibility of developing a State Water Plan. This
plan would coordinate and give direction to the activities of state and
federal agencies concerned with Utah’s water resources. To accomplish this
objective, an assessment of the land use and available water resources is
being made on a continuing basis. As a basis for planning and further
development, the state has been divided into 11 natural drainage basins or
study units as shown in Figure 1., The Southeast Colorado River Basin
(originally designated basin No. 9) has been divided into the Southeast
Colorado River Basin (retaining designation No. 9) and the Lower Colorado
River Basin, which is now basin No. 10.

While land use inventories contain information on land use in the
state, hydrologic inventories contain climate, hydrologic, and general
information on the water resources within specific drainages. Each
hydrologic inventory contains a water budget for a specific drainage area of
the state. The water budgets provide an accounting of water inflow, outflow,
yield, storage, evaporation, transpiration and uses in the study area.
Hydrologic Inventories currently published by the division are listed in
Appendix A.

A major consideration in preparing these water budgets is the
quantity of water depleted through evaporation and transpiration. Estimates
of these depletions are obtained by preparing water budgets from data
gathered in the water-related land use inventories. This data includes the
kinds and extent of irrigated crops, as well as similar information on

phreatophytes, wet/open water areas, and residential/industrial areas.
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Since 1966, the division has conducted these water-related land use and
hydrologic inventories and other state water planning activities. These
inventories are of particular importance as they relate to water use under
the Upper Colorado River Compact of 1948 and the Amended Bear River Compact
of 1980.

This land use report should assist in promoting the coordinated and
orderly conservation, development, use, and management of water and land
resources in the Sevier River Basin. It can also be a2 guide to local

sponsors and other agencies in planning and implementing both current and

long-term projects and programs.
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SEVIER RIVER BASIN WATER-RELATED LAND USE INVENTORY

The Sevier River Basin Water-Related Land Use Inventory consists of
the Sevier River drainage and the tributaries to the Sevier River, including
the San Pitch River, Otter Creek, and the East Fork Sevier River. For use in
this report, the Sevier River Basin has been divided into eight study areas,
some of which have been further divided into subareas, for a total of 13
subdivisions, as shown in Figure 2. The Wasatch Plateau generally forms the
northern boundary, along with the Sheeprock and Tintic Mountains. The east
boundary is generally formed by the Wasatch Plateau, Fish Lake Mountains,
Parker Range and the Aquarius Plateau. The Pink C1iffs and Markagunt Plateau
form the southern boundary. They are part of the drainage divide between the
Great Basin of the Basin and Range Province and the Colorado River drainage
of the Colorado Plateau Province. It is the northward drainage from these
cliffs that gives initial life to the Sevier River system. The western
boundary of the Sevier River Basin is formed by the Wah Wah Mountains and the
House Range but, in general, is less identifiable because it traverses vast
desert areas with scattered basin ranges and unclear surface drainage.
Figure 3 shows the study/subareas of the Sevier River Basin overlaid by a

template showing the 7 Y2 minute USGS quadrangle maps that cover the basin.



Figure 2.
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USGS 7 %2 minute quadrangles covering the Sevier River Basin as shown in Figure 3.
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Figure 3. Sevier _R'iw-.-r Basin with the hydrologic study/subarea
boundaries overlaid by a template showing the 7% minute USGS
quadrangle maps covering the basin.
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OPERATIONS USED IN LAND USE DATA ACQUISITION

Sevier River Basin Land Use Data

The water-related Jand use data for the Sevier River Basin was
obtained in three separate studies corresponding to the upper, middle, and
lower portions of the basin. The divisiaon contracted with the University of
Utah Center for Remote Sensing and Cartography (CRSC) in 1981 to provide land
use data for the upper Sevier River area, and again in 1984 for the same
services on the middle portion of the Sevier River. The division contracted
with Olympus Aerial Surveys Inc. in 1985 to provide the 35mm photography on
the San Pitch River drainage and the lower Sevier River basin to complete the
land use data requirements for input to the Sevier River Hydrologic
Inventory.

Using color infrared photography and Landsat multi-spectral scanner

digital data, the CRSC constructed transparent overlays for USGS 7 ¥4 minute

topographic quads depicting land cover characteristics for the upper river
basin. Using orthophoto quads and aerial photographs, in addition to color
infrared photos, the CRSC also made transparent overlays for USGS guads
showing land cover in the middle portion of the basin. That data and the
methodology used by the CRSC may be found in CRSC Reports 81-6 and 84-5,

Supplements I and II to this report.

Aerial Photography

Aerial photography of the lower Sevier River Basin and San Pitch
River drainage was obtained for the division from July 8 to August 15, 1985.

The division contracted with Olympus Aerial Surveys Inc., Salt Lake City,

2 o=
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Utah, who photographed the study area using a Cessna 210 aircraft specially
modified for aerial photography. A Zeiss RMK intervalometer system timed the
frequency of the photos using a Nikon F-3 35mm camera mounted in the photo
well of the plane. A1l slides were taken on 35mm Kodachrome film and
processed by Kodak labs. Slides were identified according to flight line
number, cross-referenced on a special Tocation map, and delivered to the
division between July 12 and September 13. The actual flight date was
written on each slide frame by the division. Approximately 1,100 slides were
delivered to the division covering the water-related land use in the study
unit. These slides may be viewed at the Utah Division of Water Resources,
Planning Section, 1636 W. North Temple, Salt Lake City, Utah. Copies of the

slides may also be obtained from the division.

Field Mapping and Checking

Transferring data from 35mm slides to the field maps commenced on
July 12 and continued until mid-September 1985. Slide cataloging, filing and
mapping were done concurrently. Field checking/mapping commenced on July 15
and continued until the third week of September 1985. This process invelved
staff from the division and two people from the B.Y.U. Civil Engineering
Department. Data and maps from the CRSC studies on the upper and middle
Sevier River were also checked at this time. Some changes and corrections
were made to the CRSC data. These changes were mainly shifting lands along
the Sevier River from a wetland to an irrigated pasture category. this was
only done where field checking identified canals or other means of irrigating
these lands. The data tabulated in figures 4 - 17 reflect these corrections

or changes.



i

Digitizing and Processing

The data resulting from digitizing the field maps was processed
through the Utah State Automated Geographic Reference Center (AGRC)
facilities during the fall and winter of 1985-86 and is maintained both there
and at the Division of Water Resources. Maps or other detailed data can be
obtained from the AGRC at the Office of Planning and Budget, State Office
Building, Salt Lake City, Utah.

A draft map of the cropland cover types was printed for each 7%
minute quadrangle map for the purpose of checking the data. FEach map was
laid over the corresponding field map on a light table, and the cropland
types and boundaries were double-checked for accuracy. Any corrections or
additions were marked in red on the draft map for future updating. The
corrected maps were updated and stored on the AGRC system.

Division policy is to publish its land use data in these types of
reports; detailed maps, however, will not be included. With the
establishment of the Automated Geographic Reference Center (AGRC) for the
state of Utah, the division policy is to supply the land use data to them for
further distribution. Detailed maps can be obtained directly from AGRC.

Table 1 is the 1ist of cover types and codes used in the 1986 water-
related land use inventory of the Sevier River Basin. Because the land use
data for the Sevier was gathered before the 1988 Standard Cover Types List
was adopted, the 1986 list differs somewhat from the standardized list. To
compare the two Tists, refer to Table 5 in the section on land use

catagories.
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Table 1.

List of cover types and codes used by the division in the 1985

water-related land use inventory for the Sevier River Basin,

Code Cover Type Comments/Explanations
1 Croptand (Rotation Crops)
IA Irrigated Cropland

1AL Horticulture & Specialty Crops

IAla Fruit (Grchards)

TAlal Cherry

IAla? Apple )

TAla3 Peach

IAlad Pear Ei A

IAlas Apricot

1Ala6 Other lj‘_*j Ai‘]

[Alb Huts 1 {Groves)

TAlb] Walnut ”—\-{;{

141b2 Pecan 11 P,_‘ 3

1A1b3 Other q44 I

IAlc Vineyard {Grapes)

1A1d Bush Fruit

[Ale Berries

[ALF Other Horticulture (Hurseries)

1A2 Row and Close Grown Crops

IAZa Grain

IAZal Corn

IAZ2az Sorghum

1AZal Wheat

1AZad Barley

IAZa% Oats

[AZb Vegetahles

TAzb1 Potatoes

[AZhe Onions

TAZb3 Beans

1AZb4 Tomatoes

1AZBS Other ¥Yegetables (Melons, Squash, Etc.)
1A3 Forage Crops

IA3a Alfalfa

1A3b Grass Hay

TA3e Other Hay

1A3d Pasture

1A3e Turf (Turf Farms)

14 Other Irrigated Land

TAda Idle-Plowed (Plowed or disked that year.)
1A4b Idle-Overgrown (Overgrown more than 1 season. )
;] Hon-Irrigated Cropland (Rotation Crops)
161 Row and Close-Grown Crops

181a Grain, Beans, Seeds

IBlal Wheat

I81az Other Grains (Barley, Etc.)
1B1a3 Dry Beans

1Biad Grains

-10-
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Table 1.

Continued.

Code

Cover Type

Comments/Explanations

182
182a
182h

1B3
1B83a
1B3b

11

A
I1A1
1TAla
11Alal
1IALb2
[1Al1b3

11A2
I1A2a
I1AZal
I1AZa2

ITAZb

T1AZB1
11A2b2
11AZE3

I8
HC
11D
ITE
11E1
11g2

I1F
11F1
11F2
11F3
11F4
11F4a
11F4b
11F4c

111
ITIA

1118

11181
I1iB2
11183
11184
1981-13
11ies

ITIC

IT1C]
111c2
ITIC3

Hayland Crops
Alfalfa
Pasture

Other
Idle-Plowed
Idie-Overgrown

Grassy/Phreatophytes/Open Water Areas

Grassy Aspect

5alt Water Grasses
Irrigated 5.W. Grasses
Irrigated 5.W. Pasture
Irrigated 5.W. Hayland
5.W. Grasses Non Agri.

Fresh Water Grazses

Irrigated Fresh Water Grasses
Irrigated Fresh Water Pasture
Irrigated Fresh Water Hayland

Hon Irrigated Fresh Water Grasses

Wet Pasture/Non-Irrigated
Wet Hayland/Ken-Irrigated
Wet Grasses/NWon-Irrigated

Cattail/Bulirush Aspect
Wet Flats

Shrub Aspect

Riparian Wetlands
Riparian-Forested
Riparian-Shrub

Cpen Mater
Streams
Rezervoirs

Ponds & Lakes
Other

Temporary Flooded
Sewage Lagoon
Evaparation Pond

Rangeland and Forestland
Alpine Plant Communities

Conifer

Douglas Fir - white Fir
Ponderosa Pine

Fir - Spruce

Lodgepole Pine

Pinion Pine - Juniper
Other

Deciduous
Aspen

Mountain Brush
Other

(Plowed, Stubble, Mulch)
(Overgrown more than 1 season. )

{Subject to spring floading.)
(Subject to spring flooding.)
{Subject to spring flooding. )

(Receives Subsurface Water)
(Receives Subsurface Water)
(Receives Subsurface Water)

(Hud flats W/little Vegetation)
(5alt Brush, Sagebrush)

(Cottonwoods, Birch)
(Willaws)

{Man-Hade)

(Oak Brush, Maples, Chaparral)
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Table 1. Continued.
Code Cover Type Comments/Explanations
111D Rangeland-Grass
11101 Dry Pastures - Improved (Chatned and reseeded)
11102 Native Grasses
I11D3 Other {Forbs)
I11E Shrub Aspect
I11EL Northern Desert Shrubs
IT1Ela Sagebrush
11TElb Other (Shadscale, Greasewood, Etc. )
T1IEZ Southern Desert Shrubs
I1IEZa Crepsote Bush
I11E2D Other (Forbs, Annual Grasses)
111E3 Salt Desert Shrubs
TI1E3a Shadscale
ITIE3b Greasewnod
I111E3e Saltbrush
IT1E3d Desert Malley
IT1E3e Other (Halogeton)
Iv Barren Lands
Iva Bare Soil1/Sand
I¥8 Reck Outcrops
| 1Ivc Excavated Lands (Quarries, Grawvel Pits, Etc.)
VD Other
¥ Built-Up Land
Vi Farmeteads
VB Residential
VBl Buildings,/Homes (Res. Medium Lat)
VB2 Buildings/Homas (Res. Trailer Court)
VB3 Building/Homes (Res. Large Lot)
VEd Public Open Space (Golf Courses, Parks)
VBGa Summer Homes
VC Commercial/Industrial
VC1 Buildings/Parking
vce2 Salt Evap. Ponds
VC3 Disturbed Land (Unfinished Subdivisions)
VC4 Other
L] Transportation, Communicatiens
VE Hilities

= il
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Figure 4 shows the general location of the water-related land use
areas that have been mapped in the Sevier River Basin. Opposite Figure 4
are the land cover categories and the number of acres of land in each
category for the basin. Figures 5-17 show the water-related land use in
each hydrologic study/subarea of the Sevier River Basin. Again, opposite
each figure are the land cover categories and the number of acres of land

in each category for that study/subarea.
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Land Cover Summary for the Sevier River
Basin.® Reference Figure 4.

Code Land Cover Acres

IAla Fruit Orchards 30
IA2a Grain 60,000
[AZal Corn & Sorghum 15,797
[A2b] Potateoes 1,551
1A2b2 Onions 29
1A3a Alfalfa 132,087
IA3b Grass/Hay 4,874
IA3d Pasture 57,085
T1A4a Fallow 10,241
[1A4b Idle 36,921

IIAla Pasture (Subject to spr. flood) 26,453
IIAlDb Grass/Hay (Subject to spr. flood) 5,040

[T1AZa Sub-Irrigated Pasture 30,5922
I8 Non-Irrigated Cropland® 27,646°
IBla Non-Irr. Grain/Beans/Seeds® 17,075°
I1B2a Non-Irrigated Alfalfa® 872"
1B2b Non-Irrigated Pasture® 9,551°
1B3a Non-Irrigated Fallow® 4,022°
11C Wet Flats 6,446
[IE Riparian Areas 9,444
ITF Open Water 25,406
[1F Open Water (Sevier Lake)® 120,422°
I1F4a Temporarily Flooded 8,006
[1F4b Sewage Lagoon 320
VAl Bldgs/Homes (Rural) 5
VB Residential 28,116
VBl Bldgs/Homes (Hi-density)? 1,378
VB4 Open Spaces (Parks, golf courses) 483
VC Commercial/Indrstrial 1,152

Total 520,952°

a :
Combined data from all three studies.

hln conducting water-related land use inventories, the division attempts to
inventory all lands or aress that concume or evaporate water other than natural
precipitation. Mon-irrigated sgriculture lands are generally mapped if they fall
Wwithin or berder irrigated lands, Ron-irrigated lands awey from irrigated lands
are normally not mapped. Acres shown far this catagory reflect only the number of
acres mapped, not the number of acres that may be in this catagory in the basin,

“Surface ares of Sevier Lake a5 digitized from 1:24,000 topographic maps. This
area varies from year to year depending upon precipitation and agricultural needs
upstrean,

d
Listed ac summer homes before the 1988 Standard Caver Types and Codes was
adopted.

g 5
This total does not include the surface area of Sevier Lake.
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Figure 4. Water-related land use areas mapped in the Sevier River Basin.
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Land Cover Summary for the Mammoth Creek

Subarea® (5-6-1). Reference Figure 5.
Counties

Code Land Cover Acres Garfield Iron Kane
IA3a Alfalfa 122.7 122.7 0 0
IA3d Pasture 664.9 634.0 0 30.9
[IAla Pasture  (Subject to) 910.9 785.7 0 115.2
IIAlb Grass/Hay (spr. flood) 220.9 220.9 0 0
I1IA2a Sub-irrigated Pasture 101.5 3.7 18.0 51.8
I1E Riparian Areas 202.2 202.2 0 0
IIF Open Water 599.9 60.1 8.1 501.7
IIF4b Sewage Lagoon 32 : 0 0 3.2
VB Residential 86.6 B6.6 0 0
vB1® Bldgs/Homes (Hi-density) 1,097.9 123.8 221.4 752.7

Total 4,010.7 2, 27T.T 277.5 1,455.5

nﬂats from the University of Uteh Center for Remote Sensing and Cartography (CRSC) Report 81-6, 1981,

b
Listed gs summer homes before the 1988 Standard Cover Types and Codes was adopted,
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Figure 5. Water-related land use areas in the Mammoth Subarea (5-6-1).
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Land Cover Summary
Subarea® (5-6-2).

for the Panguitch
Reference Figure 6.

Counties

Code Land Cover Acres Garfield Iron
IA2a Grain 558.4 558.4 0
IA3a Alfalfa 3,374.8 3,374.8 0
1A3d Pasture 3,915.6 3,915.6 0
IIAla Pasture (Subject to) 2,922.7 2,689.6 233.1
IIAlb Grass/Hay (spring flooding) 497.6 497.6 0
I1A2a Sub-irrigated Pasture 1,906.0 1,906.0 0
IIE Riparian Areas 686.6 686.6 0
I1F Open Water 1,241.0 1,233.3 y 4%
11F4a Temporarily Flooded 26.5 0 26.5
VB Residential 954.5 954.5 0
VB1® Residential (Hi-density)® 280.1° 280.1 0
VC Commercial/Industrial 34.0 34.0 0

Total 16,397.8 16,130.5 267.3

“bata from the CRSC Report 81-6, 1981.

-1
Listed as summer

homes before the 1988 Stencard Cover Types and Codes was sdopted.
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Figure 6. Water-related land use areas in the Panguitch Subarea (5-6-2).
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Land Cover Summary for the East Fork Subarea®
(5-5-1). Reference Figure 7.
Counties

Code Land Cover Acres Garfield Piute
IA2a Grain 817.0 648.6 168.4
IA2al Corn N2 0 5.2
IA2b1 Potatoes 16.8 9.3 1.5
IA3a Alfalfa 3,028.0 2,532.9 495.1
IA3d Pasture 874.5 262.2 612.3
1A4b Idle 55.8 0 55.8
ITAla Pasture (Subject to spr. flood) 367.6 191.9 175.7
TIAlb Grass/Hay(Subject to spr. flood) 1,382.3 725.9 656.4
11A2a Sub-irrigated Pasture 530.7 273.6 257.1
182b° Non-Irrigated Pasture® 11.9° 11.9 0
11E Riparian Areas 490.6 399.3 91.3
11F Open Water 457.3 447.3 10.0
11F4a Temporarily Flooded 93.5 93.5 0
I1F4b Sewage Lagoon 3.9 3.9 0
VB Residential 204.1 124.2 79.9
VB4 Open Space (Parks, golf courses) 12.0 11.8 0.1

Total 8,351.2 5,736.4 2,614.8

“Data from the CRSC Report 81-6, 1981.

In conducting water-related land use inventories,
Consume o evaporate water other than

the division attempts to inventory all lands or areas that
natural precipitation, Non-irrigated smgriculture lands are generally

mepped 1f they fall within or border irrigated lands. Mon-irrigated lands away from irrigated lends are
normally not mapped. Acres shown for this catagory reflect only the number of acres mapped, not the number of
acres that may be in this catagory in the subarea.
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Figure 7. Water-related Tand use areas in the East Fork Sevier Subarea
(5-5-1).

17



Land Cover Summary for the Otter Creek Subarea®
(5-5-2). Reference Figure 8.
Counties
Code Land Cover Acres Piute Sevier
IA2a Grain 403.0 224.5 178.5
IA3a Alfalfa 3,301.7 2,385.3 916.4
IA3d Pasture 980.3 159.2 821.1
I11Ala Pasture (Subject to spr. flood 2,159.9 471.1 1,688.8
IIAlb Grass/Hay (Subject to spr. flood) 2,939.5 2,252.1 687.4
11A2a Sub-Irrigated Pasture 673.1 188.4 484.7
I1B2b® | Non-Irrigated Pasture® 252.5" 0 252.5
IIE Riparian Areas 308.4 308.4 0
IIF Open Water 2,915.0 2,534.8 380.2
I1F4a Temporarily Flooded 268.4 268.4 0
VB Residential 303.8 42.2 261.6
VB4 Open Spaces (Parks, golf courses) 18.2 18.2 0
Total 14,523.8 8,852.6 5.671.2

“Data from the CRSC Report 81-6, 1981

hln conducting water-related land use inventories, the division attempts to
consume of evaporate water other than netural precipitation.
mspped if they fall within or border irrigated lands,
rormally not mapped., Acres shown for th

acres that may be in this catagory in the subares.

irventory all lends or sreas that

Non-irrigated agriculture lands are general ly

is catagary reflect only the rumber of

Men-irrigated lands away from irrigated lands are
acres mapped, not the number of

10—



Figure 8. Water-related land use areas in the Otter Creek Subarea (5-5-2).
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Land Cover Summary for the Piute Subarea®
(5-6-3). Reference Figure 9.

Counties

Code Land Cover Acres Garfield Piute
IA2a Grain 217.9 0 217.9
1A2al Corn 471.7 0 471.7
IA2b1 Potatoes 2.8 0 2.8
1A3a Alfalfa 4,378.6 219.8 4,158.8
IA3d Pasture 1,211.7 21.3 1,190.4
I1A4b Idle 27.2 0 27.2
ITIAla Pasture (Subject to spr. flood) 1,555.7 0 1,555.7
11AZ2a Sub-irrigated Pasture 1,751.7 0 1,751.7
11E Riparian Areas 423.1 40.1 383.0
IIF Open Water 1,927.0 2.8 1,924.2
1IF4a Temporarily Flooded 358.8 26.1 332.7
VB Residential 700.9 2.6 698.3

Total 13,027.1 312.7 |12,714.4

“Data from the CRSC Report 81-6, 1981.
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Figure 9. Water-related land use areas in the Piute Subarea (5-6-3).
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Land Cover Summary for the Marysvale Subarea®
(5-4-1). Reference Figure 10.
Counties
Code Land Cover Acres Piute Sevier
IA2a Grain 304.0 304.0 0
IA3a Alfalfa 1,478.8 1,394.6 84.2
IA3d Pasture 1,074.2 1,069.4 4.8
1A4a Fallow 17.8 17.8 0
TA4b Idle 329.1 329.1 0
11Ala Pasture (Subject to spr. flood) 765.7 532.0 233.7
11A2a Sub-irrigated Pasture 1,090.3 1,080.3 0
IB2b® | Non-Irrigated Pastsure® 10.6° 10.6 0
IIC Wet Flats 52.4 h2.4 0
IIE Riparian Areas 1,068.0 1,002.6 65.4
IIF Open Water 227.6 96.6 131.0
11F4a Temporarily Flooded 462.8 462.8 0
VB Residential 452.1 452.1 0
VE4 Open Space (Parks, golf courses) 355 3.5 0
Total 7,336.9 6,817.8 519.1

aI:ml:a from the University of Utsh Center for Remote Sensing and Cartography (CRSC) Report B4-5, 1984,

In conducting water-related land use inventories, the division attempts to inventory all lends or areas that
consume or evaporste water other then natursl precipitation. Mon-irrigated agriculture lands are generally
mapped if they fall within or border irrigated lands. Mon-irrigated lands away from irrigated lands are
rormally not mapped. Acres shown for this catagory reflect only the rumber of acres mapped, not the rumber of
acres that may be in this catagory in the subarea,

T




Figure 10. Water-related land use areas in the Marysvale Subarea (5-4-1).
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Land Cover Summary for the Richfield Subarea®
(5-4-2). Reference Figure 11.
Counties

Code Land Cover Acres Sevier
IAla Fruit/Orchards 2.3 2.3
IA2a Grain 5,576.3 5,576.3 |A11 water-
1AZal Corn 2,673.8 2,673.8 |[related
1A3a Alfalfa 14,974.6 14,974.6 |land use
1A3d Pasture 6,997.6 6,997.6 |in this
IAd4a Fallow 407.2 407.2 |subarea is
IAdb Idle 4,406.4 4,406.4 |located
11Ala Pasture (Subject to spr. flood) 3,197.2 3,197.2 |within
IIEZa Sub-irrigated Pasture 3,025.1 3,025.1 |[Sevier
IB Non-Irrigated Cropland® 206.5° 206.5 [County.
IIC Wet Flats 518.8 518.8
I1E Riparian Areas 574.2 574.2
IIF Open Water 596.5 596.5
1IF4a Temporarily Flooded 1,132.9 1,132.9
1IF4b Sewage Lagoon 2.8 2.B
VB Residential 6,722.8 6,722.8

Total 51,015.0 51,015.0

“Data from the CRSC Report 84-5, 1984,

bln conducting water-related land use inventories,
consume or evaporate water other than natural
mapped if they fall within or border irrigated lands.
normally not mapped. Acres shown for this catagory

acres that may be in this catagory in the subsrea.

precipitation.

the division attempts to inventory sll lands or areas that
Won-irrigated agriculture lands are general Ly
Won-irrigated lands away from irrigated lands are
reflect only the number of scres mapped, not the number of



LOa

0

wl
-
1

Water-related land use areas in the Richfield Subarea (5-4-2).
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Land Cover Summary for the San Pitch Study Area®
(5-1). Reference Figure 12.
Counties
Code Land Cover Acres Sanpete
IAZa Grain 8,107.4 8,107.4 |[A11 water-
1A2al Corn 640.6 640.6 |[related
1A2b2 Onions 2.5 2.5 |land use
1A3a Alfalfa 25,819.6 25,819.6 |in this
IA3b Grass/Hay 4,117.1 4,117.1 |study area
IA3d Pasture 21,597.5 21,597.5 |is located
1Ad4a Fallow 681.6 681.6 |within
IA4b Idle 2,970.6 2,970.6 |Sanpete
IIAla Pasture (Subject to spr. flood) 10,711.5 10,711.5 |County.
II@E& Sub-irrigated Pasture 9,086.7 9,086.7
IB Non-Irrigated Cropland® 2,779.9° 2,779.9
IB1a® | Non-Irrigated Grains/Beans/Seeds®  291.0° 291.0
IB2a” | Non-lIrrigated Alfalfa 140.7° 140.7
1B2b° | Non-Irrigated Pasture® 1,267.8° | 1,267.8
I1B3a® | Non-Irrigated Fallow® 117.5° 117.5
LIC Wet Flats 588.4 588.4
I1E Riparian Areas 444.0 444.0
1IF Open Water 2,582.7 2,582.7
IIF4a Temporarily Flooded 457.9 457.9
11F4b Sewage Lagoon 118.6 118.6
VB Residential 7,395.5 7,395.5
VB4 Open Space (Park, golf courses) 308.0 308.0
[ Commercial/Industrial 581.0 581.0
Total 100,808.1 100,808.1

] apo g £ g . . d
Data from the division in its 1985 land use survey of the lower Sevier River Basin.

h:n conducting water-related land use inventories, the division attempts to inventory all lands or areas that

consume of evaporale water other than natural precipitation.
mapped if they fall within or barder irrigated Lands.
normal ly not mapped. Acres shown for this cata

acres that may be in this catagory in the study area.

Non-irrigated agriculture lands are general ly
Mon-irrigated lands away from irrigated lands are
gory reflect only the number of scres mapped, not the number of
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Figure 12. Water-related land use areas in the San Pitch Study Area (5-1).
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Land Cover Summary for the Gunnison Study Area®
(5-3). Reference Figure 13.
—Lounties
Code Land Cover Acres Juab Sanpete Sevier
IA2a Grain 5,902.7 0 4,094.1 1,808.6
[AZal Corn 2,870.6 0 943.3 1,927.3
IA3a Alfalfa 17,037.1 0 8,935.5 8,101.6
1A3d Pasture 6,302.7 0 3,745.0 2,857.7
IAda Fallow 133.0 0 97.6 35.4
IA4b Idle 10,378.6 0 5,989.2 4,389.4
IIAla Pasture (Sub.spr.flood) 3,862.0 0 2,611.6 1,250.4
11A2a Sub-Irrigated Pasture| 6,454.2 0 4,875.4 1,578.8
18° Non-Irrigated Cropland® 3,080.8 905.4 2,175.4 0
IIC Wet Flats 3,382.8 0 3,272.0 110.8
IIE Riparian Areas 730.4 0 177.4 553.0
IIF Open Water 6,637.9 2,699.0 3,233.5 705.4
I1F4a Temporarily Flooded 1,044.6 0 443.5 601.1
VB Residential 3,546.4 0 1,259.1 2,287.3
Total 71,363.8 3,604.4 41,852.6 | 25,906.8

aI:lnata from the CRSC Report 84-5, 1984,

In conducting water-related land use inventories, the division attempts to inventary
consume or evaporate water other than natural precipitstion.
mapped if they fall within or border irrigated lands.
normal ly not mapped.

Acres showm for this catagory reflect

acres that may be in this catagory in the study area.

all lands or areas that
Won-irrigated sgriculture lands are generally
Mon-irrigated lands sway from irrigated lands are
only the number of scres mapped, not the rumber of

f
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Figure 13. Water-related land use areas in the Gunnison Study Area (5-3).
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Land Cover Summary for the Scipio-Tintic
Subarea® (5-2-1). Reference Figure 14.

Counties

Code Land Cover Acres Juab Millard
[A2a Grain 2,873.9 1,349.5 1,524.4
I1A2al Corn 532.2 B3.8 448 .4
IA2b1 Potatoes 5.2 0 5.2
IA3a Alfalfa 10,802.0 5,389.8 5,412.2
TA3d Pasture 1,801.1 940.2 860.9
IAd4a Fallow 917.1 686.8 230.3
1A4b Idle 11,639.8 6,998.4 4,641.4
IIﬂZa Sub-Irrigated Pasture X ﬁ,Z&l.db 5,477.7 754.0
IB Non-Irrigated Cropland 21,578.7 17,433.7 4,145.0
IB2b® | Non-Irrigated Pasture® 374.4° 185.2 189.2
1IC Wet Flats 1,904.2 1,904.2 ]
I1E Riparian Areas 399.0 148.8 250.2
1IF Open Water 1.541.4 618.4 923.0
I11F4a Temporarily Flooded 1,242.2 B41.0 401.2
VB Residential 1,299.2 720.5 578.7
Ve Commercial/Industrial 27.2 0 27.2

Total 63,169.0 42,777.7 | 20,391.3

& TR sl = :
Data from the division in its 1985 land use survey of the lower Sevier River Basin.

b]n concucting water-related land use inventories, the division attempte to inventory all lands or areas that
Consume OF evaporate water other than natural precipitation.
mapped if they fall within or border jrrigated lands.
rmormally not mapped. Acres shown for this catsgory reflect only the number of acres sapped, not the number of

ecres that may be in this catagory in the subarea,

Mon-irrigated agriculture lands are generally
Mon-irrigated lamds away from irrigated lands are
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Figure 14. Water-related land use areas, Scipio-Tintic Subarea (5-2-1).
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Land Cover Summary for the Delta Subarea®
(5-2-2). Reference Figure 15.
Counties

Code Land Cover Acres Juab Millard
IAla Fruit/Orchard 28.0 0 28.0
[A2a Grain 21,865.6 41.5 21,824.1
1A2al Corn 5,608.9 0 5,608.9
IA2b2 Onions 13.4 0 13.4
[A3a Alfalfa 27,649.2 53.7 27,595.5
IA3b Grass/Hay 352.8 0 352.8
IA3d Pasture 5,565.4 0 5,565.4
IAd4a Fallow 3,589.8 2521 3,337.7
[A4b Idle 4,837.7 41v.2 4,420.5
IBla> | Non-Irrigated Grain/Beans/Seeds® 835 6° 0 835.6
IB2a° | Non-irrigated Alfalfa® 695.9° 0 695.9
IB2b® | Non-Irrigated Pasture® 984.7° 0 984.7
IB3a® | Non-Irrigated Fallow® 5.4 0 5.4
IIE Riparian Areas 4,092.8 0 4,092.8
IIF Open Water 6,372.3 800.4 5,571.9
IIF4a Temporarily Flooded 2,918.8 0 2,918.8
[IF4b Sewage Lagoon 163.7 0 163.7
VAl Bldgs/Homes (Rural) 5.3 5.3 0
VB Residential 4,153.2 0 4,153.2
VB4 Open Spaces (Parks, golf courses) 121.5 0 121.5
VC Commercial/Industrial 361.5 0 361.5

Total 80,221.5 1,570.2 88,651.3

a i -
Data from the division in its 1985 land uce survey of the lower Sevier River Basin.

b 8 . .
In conducting water-related Land use inventories,

consume or evaporate water other then natursi

precipitation.
mapped if they fall within or border irrigated lands.
normally not mapped. Acres shown for

acres that may be in this catagory in the subsrea.

this catagory reflect only the number of

the division attempts to inventory all lands or areas that
Non-irrigated agriculture lands are general |y
Mon-irrigated lands away from irrigated lands are
scres mapped, not the number of
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Figure 15. Water-related land use areas in the Delta Subarea (5-2-2).
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Land Cover Summary for the Fillmore Study Area®
(5-1). Reference Figure 16.
Counties

Code Land Cover Acres Millard
[A2a Grain 13,373.7 13,373.7 |A1l water-
IA2al Corn 2,994.2 2,994.2 |related
IA2a2 Sorghum 55.8 55.8 |land use
1A2b1 Potatoes 1,526.4 1,526.4 |in this
1A2b2 Onions 13.4 13.4 |[study area
IA3a Alfalfa 20,120.0 20,120.0 |is located
IA3b Grass/Hay 404.2 404.2 |within
IA3d Pasture 6,099.3 6,099.3 |Millard
1A4a Fallow 4,494 .6 4,494.6 |County.
IA4b Idle 2,276.0 2,276.0
11A2a Sub-Irrigated Pasture 71.4 71.4
IBla> | Non-Irrigat. Grains/Beans/Seeds® 15,948.6° | 15.948.6
IB2a° | Non-Irrigated Alfalfa® 35.5° 35.5
IB2b® | Non-Irrigated Pasture® 6,649.2° | 6,649.2
1B3a® | Non-Irrigated Fallow® 3,899.3° | 3,899.3
I1E Riparian Areas 25.2 25.2
IIF Open Water 307.1 307.1
I1F4b Sewage Lagoon 28.5 28.5
VB Residential 2,297.6 2,297.6
VB4 Open Spaces (Parks, golf courses) 20.0 20.0
vC Commercial/Industrial 148.2 148.2

Total 80,788.2 80,788.2

ma from the division in its 1985 land use survey of the lower Sevier River Basin.

r:‘In conducting water-related land use inventories, the division attespts to inventory all lands or areas that

consume oF evaporate water other than netural precipitation,
mapped if they fall within or border irrigated lands,

Mon-irrigated sgriculture lends are generaily
Won-irrigated lands away from irrigated lands are

mormal ly not mapped. Acres shown for this catagory reflect only the number of acres mapped, not the number of
acres that mey be in this cetagory in the study area.
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Figure 16.

Water-related land use areas in the Fillmore Study Area (5-7).
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Land Cover Summary for the Sevier Lake
Reference Figure 17.

Study Area® (5-8).

Counties
Code Land Cover Acres Millard
Sevier
IA Irrigated Cropland Not avai1aEle N/A Lake is
IIF Open Water® 120,422 120,422 |located
IIE Riparian Areas® Not available® N/A entirely
Ve Commercial/Industrial Not available® N/A within
Millard
Total 120,422 120,422 |County.

a
Date from the division in its 1985 land use survey of the lower Sevier River Basin.

b
Approximate surface area of Sevier Lake s di
frem year to year depending upon precipi

“The perimeter of the lake ns digitized was spproximately 5.9 miles.
ares, but the true extent varies from year

d .
At the time the land use inventory was conducted
since chenged, but the current sxtent is unknown.

there was no commercial development at the lake.

gitized from 1:24,000 scale topographic maps. This area varies
tation and agricultural needs upstream,

Some of this must be considered riparian
to year and was not estimated during this inventory,

This has

)



Figure 17. Water-related land use areas in the Sevier Lake Study Area
(5-8).
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The water-related land use data for the Sevier River Basin has
been displayed in this report by study/subarea (Figures 5 through 17).
That data has also been tabulated by study/subarea and by county in Tables
2 and 3.

As shown in these tables, 461,802 acres of land in Juab,
Millard, Sanpete, Sevier, Piute, Kane, Iron and Garfield counties have been
inventoried. This represents about seven percent of the entire Sevier
River Basin (approximately 6.7 million acres). Areas not inventoried are
mainly national forests and open rangeland. Of the 461,802 inventoried
acres, 381,057 are irrigated cropland: 30,918 are grasses, hays, and
pastureland which receive subsurface irrigation; 49,615 are phreatophytes
and wet/open water areas; and 31,130 are residential/industrial areas. In
addition, approximately 36,919 acres have been classified as idle

agricultural land.

PR
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METHODOLOGY FOR GATHERING LAND USE DATA

Background

The methodology used by the division over the past 25 years in
conducting water-related land use studies has varied with regard to
procedures used, detail, etc. Earlier inventories were prepared with large
format vertical/aerial photographs supplemented with field surveys to label
boundaries, vegetation types, and other water use information.

After identifying crops and TabeTing‘phatugraphs, the photographs
were projected onto a base map and then planimetered or "dot-counted" to
determine the acreage. Tables for individual townships and ranges were
prepared showing the total land within each section and the amount of land
in each land use category. Data was then available for use in preparing
water budgets.

The water-related land use inventories completed by the division
and the U.S. Soil Conservation Service (SCS) over the last 25 years have
essentially covered the entire state. The two agencies have inventoried
about 4 million acres (which included 1.4 million acres of irrigated land)
in order to acquire the data needed to prepare hydrologic inventories and
to conduct other water-related studies in Utah.

In the early 1980s, the division faced the task of updating its
methodology for collecting water-related land use data to take advantage of
the rapidly growing fields of remotely sensed data and computerized
Geographic Information Systems (GIS). Updating land use data for each

hydrologic area of the state is an on-going process, and the division has

a3a



now developed procedures for consistent data gathering and updating at 7 to
10 year intervals.

For several years, the division contracted with the University of
Utah Research Institute, Center for Remote Sensing and Cartography (CRSC),
to prepare water-related land use inventories. During this period, water-
related Tand use data was obtained by using high altitude color infrared
photography and laboratory interpretation, with field checking. More
recently, the division has entered into cooperative agreements with several
federal and other state agencies to complete and update all land use data
for the state of Utah. For a further discussion of the university methods
relating to the Sevier River Basin, refer to CRSC Reports 81-6 and 84-5,
Supplements I and II to this report.

Present Method

In March 1984, several division staff members visited the
California Department of Water Resources to observe its methodology for
collecting water-related Jand use data for state water planning purposes.
The division, based on its review of the California methodology and its own
experience, developed a water-related land use inventory program. This
program includes the use of 35mm slides, USGS 7 % minute quadrangle maps,
field-mapping using base maps produced from the 35mm photography, and a
computerized geographic information system to process, store, and retrieve
land use data.

The first step in a water-related land use inventory is to
identify areas to be covered with aerial photography for any individual

year. These areas are identified on maps of suitable scale (usually
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1:100,000) using previous land use studies and other available information
such as maps generated from high altitude color infrared photography or
Landsat. Flight lines are plotted on the maps to show land areas to be
covered with aerial photography. Flight lines are generally plotted
running north and south through the center of the sections to be
photographed. An exception to the practice is a long narrow canyon with
irrigated land only in the bottom. When this situation is encountered, the
flight Tine will follow the canyon without regard to section lines or
compass directions,

During the second step identified areas are photographed using
35mm slide film. Ideally, the 35mm photography should be conducted at a
time of year that shows the highest contrast between the water-related land
use areas (mainly irrigated Tand) and surrounding areas. When field
mapping/checking is to be conducted in the same season, the photographs are
taken as early in the growing season as possible. The division has
generally found that the period from June 15 to July 15 is the best time
for this photography.

The division specifies that aerial photographs be obtained using
an aircraft (Figure 18) carrying a high quality 35mm single lens reflex
Camera mounted to focus along a vertical axis to the earth. A 24mm lens is
used and photos must be taken between 6,000 and 6,500 feet above the
ground. This procedure allows each slide to cover a little more than one
square mile with approximately 30 percent overlap on the wide side of the
slide and 5 percent on the slide’s narrow side. High quality commercial
color positive film is used with appropriate commercial processing after

each day’s flight. The slides are then cataloged according to the

e



flight-line number and shown on a location map. AlT 35mm slides are filed
and stored at the division offices and are cataloged according to

individual quadrangle map location.

Figure 18. Typical aircraft used for aerial photography.

) After cataloging the slides, the division transfers boundaries of
water-related areas from the slide to USGS 7 % minute quadrangle maps using
a standard slide projector with a 100-200mm zoom lens. The image is
directed from the projector, located below a glass table top, to a 45-
degree first surface mirror to the back of a quadrangle map. The image

showing through the map is adjusted to the map scale with the zoom lens.
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Field boundaries and other water-use boundaries are then traced onto the
72 minute quadrangle map. At the same time, the technician attempts to
identify the category of land use/cover and uses a code for the appropriate
category in each water use area on the field map. The date that transfer
of slide data was completed is also noted on the map. Figure 19

illustrates this basic procedure.

Figure 19. Transferring slide data to field map.

After the slide data is transferred to the quadrangle map, a two-
person team uses the map in the field to check the boundaries and land use
data on the quadrangle, and marks in red the actual land use or land

covercategory if it is different than the category originally identified.
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After the land classification on the quadrangle map has been field-checked,
the field team marks the completion date on the edge of the map. Figure 20
shows a Division of Water Resources field map after field-checking has been

completed.
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The next step is to digitize and process the field data. Digitizing
is the process of converting data from map or image form to digital form for
computer analysis. Typically, digitizing and entering the categories of land
use into the computer is performed during the fall and winter following the
aerial photography. This is accomplished by using ESRI ARC/INFO Software and
a digitizer board large enough to hold a quadrangle map. The division’s
digitizing work station is shown in Figure 21. A1l processed data is filed
in the State AGRC database. The division uses the special data management

and geographic information management capabilities of the AGRC system to

produce tabulated water-related land use maps.

Figure 21. Digitizing work station.
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Once the land use data has been digitized and processed through

the AGRC system, the division plots out a 7% minute quadrangle line map of

the data. These plots are overlaid on the field maps to check for errors
in recording or digitizing. An example of a line map of the Manti
quadrangle is shown in Figure 22.

Once checked, the data in the AGRC system becomes available for
use in water resource planning studies. The final computer-generated map

of the Manti quadrangle, similar to what might be obtained from the AGRC,

is shown in Figure 23.
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Legend for Computer-Generated Line Maps in the
Sevier River Basin, referenced to Figure 22.

Label Code Cover Type

0 IAla Orchards

BR IAle Vineyards & Other Horticulture

G IA2a Grain

C 1A2al Corn

v 1A2b Vegetables

PO IA2b1 Potatoes

ON IA2b2 Onions

B IA2b3 Beans

T IAZb4 Tomatoes

> 1A2c Other Row Crops

A IA3a Alfalfa

Pl 1A3b Grass/Hay

P IA3d Pasture

TF [A3e Turf/Grass Yards

F IAd4a Fallow

I 1A4b Idle

DG IBla Non-Irrigated Cropland

DA 1B2a Non-Irrigated Alfalfa

DP IB2b Non-Irrigated Pasture

DF IB3a Non-Irrigated Fallow

DI 1B3b Non-Irrigated Idle

IWP 1IAla Pasture (subject to spring flooding)
IWP1 IIAlb Grass/Hay (subject to spring flooding)
WP 11A2a Sub-irrigated Pasture

WP1 1TAZb Sub-irrigated Grass/Hay

WF I1B Wet Areas (cattails/bullrush, etc)
WR I1C Wet Flats (mud flats w/little vegetation)
RIP ITE Riparian Areas

W L1F Open Water

WM 11F4a Temporarily Flooded

SL I1F4b Sewage Lagoons

EP IIF4c Evaporation Pond

R VB1 Buildings/Homes (high density)

R2 VB2 Buildings/Homes (low density)

RP VB3 Irr. Open Spaces (parks, golf courses, etc)
CM VC1 Commercial

CI Ve2 Industrial

cs VC3 Open Spaces
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Figure 22.

Computer-generated 1ine map of the Manti 7% minute quadrangle.
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—— IRRIG. CROPLAND

—— GRASSY/PHREATO.

——NON-IRRIG. CROPLAND

IAla FRUIT
TAle BERRIES
IAZa GRAIN
IA2al CORN
IA2a2 SORGHUM
IAZh VEGETABLES
IAZb1 POTATOES
IAZb2 ONIONS
IAZ2b3 BEANS
ZZm 1A2c OTHER ROW CROFS
ES¥ TA3c ALFALFA
BSY  IA3b GRASS HAY
EER TA3c GRASS/TURF
BEES IA3d PASTURE
BE= IAda FALLOW
000 TA4b IDLE
B IlAla PASTURE
B8N IIAlb HAYLAND
EHE IIA2a PASTURE
g IIazh HAYLAND
=4 IB NON IRR. CROPLAND
7l IBla GRAIN
IB2a ALFALFA
B IB2b PASTURE
E 1IB3a FALLOW
010 1IB3b IDLE
|EZa  IIC WET FLATS
IIE RIPARIAN
LF OPEN WATER
IIF 4a TEMP. FLOODED
IIF4b SEWAGE LAGOON
VB RESIDENTIAL
VB4 OPEN SPACES
VC COMMERCIAL /INDUSTR.

—BUILT-UP LAND

Legend for Final Computer-generated Maps of the
Sevier River Basin, referenced to Figure 23.
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LAND USE CATEGORIES

During the division's years of collecting water-related land use
data, land use categories and map codes have varied from inventory to
inventory.

In late 1984, at the beginning of the division’s new phase of
mapping water-related land use, an Active Mappers Committee was formed.

The committee reviewed all ongoing mapping efforts in the state and then
focused on the issue of coordinating and standardizing map data. A summary
of the committee’s work is given in Appendix -B. The division is committed
to using the "1988 Standard Cover Types and Codes" ]ist developed from this
committee. Codes from this standard cover type list, with descriptive
information (where necessary), are shown in Table 4.

As each water-related land use inventory for the state is
completed, and as some areas are re-inventoried, it is often times useful
to tabulate and compare changes in these inventories. Because of the
different cover type names and codes that have been used in the past, it is
necessary to reference earlier codes and land cover types to the 1988
Standard Cover Types and Codes. Table 5 shows the codes from earlier
studies that relate to the standard cover types and codes. Data sets from
studies prior to 1988, which have been entered into the AGRC library data
base, have been adjusted to the 1988 Standard Code in this table. Some
published reports may show the codes used prior to 1988. Appendix C lists

the previous land use studies conducted by the division.
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Table 4. List of 1988 Standard Cover Types and Codes for the State of Utah.
Code Cover Type Comments/Explanations
I Cropland
14 Irrigated Cropland’ (Hotation Crops)
1Al Horticulture & Specialty Crops"

IAla Fruit (Orchards)
IAlal Cherry

lala? Apple

1Ala3 Paach

[Alad Pear

LAlas Apricot

[Alab Other

TAlL Huts [Groves)
IAIbL Walnut

TAlbZ Fecan

I1AlB3 Dther

IAle Vineyard {Grapes)
Iald Bugh Fruit

IAle Berries

IALf Other Horticulture {Hurseries)
IAlg Qther Specialty Crops

142 Row and Close Grown Crops”

1AZ2a Grain

IAZal Corn

IAZaZ Sorghum

1AZa3 Wheat

142a4 Barley

[AZaf Dats

TAZaB Other Grains

182D Vegetables

142b1 Fotatoss

1AZb2 Dnions

1AZb3 Beans

TAZBA Tematoes

T1AZb5 Sweet Corn

1AZES Other (Meloans, Squash, Etc.)
TA3 Forage Crops®

1432 Alfalfa

1430 Grass Hay

1A3c Grass/Turf (Turf Farms)
1A3d Fasture

IA%e Other

144 Dther®

1ada Failow (Flowed or disked.)
144k Idie (Overgrown mare than one season.)
18 Nan-Irrigated Cropland (Rotation Crops)
1B1 Row and Close-Grown Crops

1Bla Grain, Beans, 5Seeds

1Blal Wheat

<B4




Table 4. Continued.
Code Cover Type Comments/Explanations
1Bla? QOther Grains (Barley, etc.)
IBla3 Ory Beans
1Bla4 Safflower
1Bla% Other
B2 Hayland Crops®
iBZa Alfalfa
I8Eb Pasture
IB2c Other
183 Other*
1B3a Fallow (Plowed, Stubble, Mulch)
183k Idle (Overgrown more than one season. )
11 Grassy/Phreatophytes/Open Water Areas
1A Grassy Aspect”
14} Irrigated®
i1Ala Pasture (Subject to spring flooding.)
11Alb Hayland (Subject to spring flooding. )
1142 Nen-Irrigated®
11A2a Pasture (Receives subsurface water.)
I1AZh Hayland {Receives subsurface water.)
IlAgc Non-AgricuTtural Use {Receives subsurface water, )
118 Cattail/Bullrush Aspect'
11C Wet Flats® (Mud flats w/little or no vegetation.)
110 Shrub Aspect” [Salt Brush, Sagebrush)
11E Riparian®
11EL Forested Aspect (Cottonwoods, Birch)
11E2 Shrub Aspect (Willows)
IIF Open Water®
I1F1 Streams”
11FZ Reservoirs” (Man-Made)
11F3 Ponds & Lakes®
IIF4 Other®
IIF4a Temporary Flooded
11Fab Sewage Lagoon
11Fdc Evaporation Pond
111 Rangeland and Forestland
I11A Alpine Plant Communities®
1118 Coni fer"
ITIBL Douglas Fir - White Fir
11182 Ponderosa Fine
11183 Fir - Spruce
11184 Lodgepole Fine
11185 Pinion Pine - Juniper
111G Other
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Table 4. Continued.
Code Cover Type Comments/Explanations
ITIC Deciduous”
ITIC1 Aspen
F1ic2 Mountain Brush (Dak Brush, Maples, Chaparral)
111C3 Other
111D Grass Aspect”
11101 Dry Pastures - Improved (Chained & Reseeded)
11102 Hative Grasses
11ip3 Other (Forbz)
IT1E Shrub Aspect”
IIIE] Korthern Desert Shrubs®
TI1E1a Sapgebrush
IH1EIbL Other (Shadscale, Greasewsed, Halogeton)
111ER Southern Desert Shrubs®
I1IEZa Creosote Busgh
I11E2D Other (Forbs, Annual Grasses)
IT1E3 5alt Desert Shrubs®
111E3a Shadscale
I11E3b Greasewood
111E3e Saltbrush
111E3d Desert Molley
11iE3e Other (Halogeton)
v Barren Lands
IVA Bare 5oil/3and"
I¥al Dry Salt Flats
IvVaz Beaches
IVA3 Sandy Areas Other Than Beaches {Desert Sand Dunes)
IVA4 Other
IVE Rock Outcrops*
IVE Excavated Lands® (Quarries, Gravel Pits)
VD Other®
Yy Built-Up Land®
VA Farmsteads"
Val Buiidings/Homes
vaz Open Spaces (Feed Lots, Etc.)
Ve Restdential”
VBl Buildings/Homes (High density])
VB2 Buildings/Homes {Low density)
VB3 Open Spaces (Parks. Golf Courses)
VB4 ldle Spaces (Wot irrigated)
Ve Commercial /Industrial®
YC1 Commercial
WCe Industrial
¥C3 Open Spaces
'] Transportation, Communications, Utilities’
YE Other"

"Required for the basic vegetative cover information of the state.
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Table 5.

List of cover types and land use
(as standardized in 1988);
cover type codes to the codes

with comparisons

codes for the State of Utah
of the 1988 standardized
used in previous land use inventories.

U. SEVIER [81)
UINTAH  (B7) M. SEVIER (&3}
UTAH LK. {66)" W. coLo. (&7) L. SEVIER (&5)
STATE COVER TYPES BEAR R. (69) YIRGIN R.(78) SALT LAKE BEAR R, (88}
CODE (Standardized in 1388) WEBER R. (70)  UINTA B, (BO)  COUNTY (82) WEBER R. (87)
I Cropland = - - s
1A Ireigated & A - *
1Al Hort. & Specialty Crops - - L
[Ala Fruit AB AlG - 2
[Alal Cherry - - - "
1Ala2 Apple = = - N
1Ala3 Peach - - - 5
141ad Poar - - - o
IAlas Apricot - = - i
1Alag Other - - - l
TIAlb Huts = = - B
[ALbI Walnut - ) - - A
1Alb2 Fecan - = = "
IAlb32 Other - - - n
IAlc Vinayard - - = »
Iald Bush Fruit - - i
IAle Berries - - - =
141 Nurseries - 0 = :
1Alg Other - o N i
IA2 Row & Close-Grown Crops - =~ = i
AZa Grain A = Ag *
142al Corn AS Al - i
IhFaz Sorghum - = = =
1a2a3 Wheat - AG = b
TAZad Barley - Al = = 5
1AZas Dats - A& - *
lAaZab Other - - = '
1AZb Vegetables - - = o
TAED1 Potatoes A7 A3 - -
1AZD2 Onians - = = "
1AZb3 Beans AL3 - = X
TAZb4 Tomatoes ALD AS T '
1425 Sweet Corn - - = e
1A2B6 Other AG, AT ALL A2 R4 AR = TAgbS"

" The data in parentheses (83) identifies the year the field checking was conducted for
* The dash (-) indicates that there was no corresponding cover type mapped for the above

" The asterisk (*) indicates that the cover type for the abave

* The use of a code, such as the (A) footnoted,

types.

to the 1988 standard cover types.

The codes that appear in this column are those that are different than the 1988 standard code.

'y

the various inventories.
inventories.
inventories it the same 2s the 1988 standard cover

indicates that the code used for the above inventory cerresponds




Table 5.

Continued.

U. SEVIER (81)

UINTAH  (B7) M. SEVIER (83)
UTAH LAKE (B6)" W, COLD. (&7) L. SEVIER (85}
STATE COVER TYPES BEAR R.  (69) VIRGIN R.(78) SALT LAKE BEAR R. (86)
CODE (Standardized in 1983) WEBER R. (700 UINTA B. (BD) COUNTY  (B2) WEBER R. (87)
1A3 Forage Crops = - A *
1A3a Alfalfa Al AlD - X
143k Grass Hay A3 A12 - m
1A3: Grass/Turf = - - [A3e
IA3d Pasture A2 Al3 - i
1A3e Other - All - TA3c
144 Other - Als A =
1Ada Fallow Plowed = - - g
TAdE Idle (Overgrown) Al a17 - '
18 Non-Irrigated E e
181 Row & Close-Grown Crops - =
1Bla Grain [Beans, Seeds) El - B .
1Blal Wheat - B2 - *
IBlaz Other Grains - B3 = *
IBIa3 Ory Beans - B4 = T
IBlad Safflower - - - ‘
1B2 Hayland Crops - - - =
[82a Alfalfa E? a1 B 4
182k Pasture E3 85 - =
182c Other ES - - i
163 Other (Plowed) - B7 - -
IB3a Fallow Ed4 BE& nf o

* The data in parentheses (&8
* The dash [-) indicates tha*
* The asterisk [*) indicates t

Types.

* The use of a code, such as the (A) footnoted, indicates that the code used for

to the 1988 standard cover types,

" The codes that appear in this column are those that are different than the 1985 standard code.
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there was no corresponding cover type mapped for the above inventories.
hat the cover type for the above inventories is the same a5 the 1988 standard cover

the above inventory correspends




Table 5. Continued.
U. SEVIER (B1)
UINTAH  (67) M. SEVIER (83)
UTAH LAKE (BB)° W. COLO. (67) L. SEVIER (&5)
STATE COVER TYPES BEAR R.  (B8) VIRGINW R.(78) SALT LAKE BEAR R.  (B&)
CODE (Standardized in 198B) WEBER R. (70) UINTA B. ([80) COUNTY  (B2) WEBER R. (&7)
1 Meadow/Wetlands/Open Water C 0.F - *
114 Grassy Aspect - - - L
1TAl Irrigated . - - »
I1ALa Pasture = Ald - ITAlal, 2al
T1AlL Hayland - AlS - 1141aZ, 2a?
11AZ Hon=Irrigated - - - "
11AZ2a Pasture c4 8,F8 s 1141b1, 2bl
T1AZDE Hayland = = = 1TAlbZ, 1b?
1TAZg Nen-Agricultural Use - - - ITA1B3 . 702
118 Cattail/Bullrush El F4 Weo
He wWet Flats (barren) = - M
110 Shrub Aspect C5 Fe -
11E Riparian cz2 - Wr 34
ITE] Forested Aspsct - Fl - =
11EZ Shrub Aspect C3 3,5,6,7,8 B "
11F Open Water B E = ¥
TIFL Streams - - - *
11FZ Reservoirs - El,E2 - 5
IIF3 Fonds/Lakes - Ed4 - »
11F4 Other - E3 - .
11F4a Temporarily Flooded - - - =
11F4b Sewage Lagoon - - - i
T1F4c Evaparation Pond = - 5 1IFRC, V2

* The data in

L

“ The use of a code, such as the [A) footnoted,

The dash (-} indicates that there was no corresponding cover type mapped for the above inventories.
The asterisk (*} indicates that the cover type for the above inventories is the same as the 1988 standard cover

types.

to the 1988 standard cover types.

The codes that appear in this column are those that are different than the 1888 standard code.

parentheses. [66) identifies the year the field checking was conducted for the vartous inventories.

indicates that the code used for the above inventory carresponds
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Table 5. Continued.

U. SEVIER (&1}

UEINTAH  (67) M. SEVIER (83)

UTAH LAKE (66)" W. COLD. (B7) L. SEVIER {&s)

STATE COVER TYPES BEAR R. (89) VIRGIM R.(78) SALT LAKE BEAR R [B5)

CODE (Standardized in 1988) WEBER R. (70) UINTA B. [80) COUNTY [B2) WEBER R. [B7)
111 Range & Forest Land - = 2 -
ITIA Alpine Plants - = ~ .
1118 Conifer = = Ue "
11181 Douglas/White Fur = - = "
11182 Fonderosa - = - "
11183 Fir/Spruce - - = .
11184 Lodgepale Fine - = = o
11185 Pinyan=Juniper - = e =
11186 Etc. = i = .
111C Deciduous = = Ud .
ITIC1 Aspen = &= 2 *
111C? Mountain Brush = = = »
ITIC3 Etc. = . . ,
ITID Grass Aspect - = = -
11101 Ory Pasture - = = *
ILip2 Hative Grasses - = Lig W
11”}3 Etl:. - - =] L
IT1E Shrub Aspect - - = *
ITIEL Northern Desert Shrub - = L "
111Ela Sagebrush = - - *
ITIEID Etc. - = = *
ITIER Southern Desert Shrub - = - *
I11E2a Crecsote Bush - = 3 "
I1EERD Ete: = = = -
ITIE3 Salt Desert Shrub - = = *
IIIE3a Shadescale - - = *
1IIE3R Greasewaod < = = *
TT1E3c Saltbrush - = - .
1T1E3d Desert Molley - = Z "
111E3e Etc. - = = *

; The data in parentheses (66) identifies the year the field checking was conducted for the varicus inventories.
The dash (=) indicates that there was no corresponding cover type mapped for the above inventories.
 The asterisk [*] indicates that the cover type for the above inventories is the same as the 1988 standard cover

types.

“ The use of a code, such as the (A) footnoted, indicates that the code used for the above inventery corresponds

te the 1988 standard cover types.
The codes that appear in this columm are those that are different than the 1988 standard code.
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Table 5.

Continued.

U. SEVIER (81)

UINTAH  (B7) M, SEVIER (83)
UTAH LAKE (65)" W. COLD. (B7) L. SEVIER (85)
STATE COVER TYPES BEAR R. (63) VIRGIN R.(78) SALT LAKE BEAR R. (86}
CODE (Standardized in 1988) WEBER B. (70) UINTA B. (80) COUNTY  [82) WEBER R, [(B7)
v Barren Lands - - B "
IVA Bare 50il/Sand - - - *
IVAl Ory Salt Flats = - - ‘
Iyaz Beaches - = - by
IVA3 Other Sandy Areas S - e -
IvAd Other - - - .
1ve Rock Qutcrop = - Ur o
IvC Excavated Land . = E i
IvD Other - - - =
¥ Built-Up Land b C - b
VA Farmstead - - - =
VAl Bufids/Homes - C1.C5 - a4
VAZ (pen 3paces - C4 - |
YB Kesidential - - - o
VB1 High Density = C3 Rt.R ¥B1,VB2,VB5a
VBz Low Density . - R1 VB3
VB2 Gpen Spaces - cz L VB4
VB4 idie e - - it
¥C Commercial/Industrial F C -
VL1 Commercial - - = a
vCe Industrial - - - VL4
¥C3 Open Spaces - = %
Vi Transportation & Utilities - E ¥D,VE
YE Other = = =

" The use of a code, such as the (A) foatnoted

The data in parentheses
* The dash (-

types.

to the 18988 standard cover types.

The codes that appear in this column are those that are different than the 1983 standard code.

(66) identifies the year the field checking was conducted for the various inventories,
] indicates that there was no corresponding cover type mapped for the above inventaries.
The asterisk (*) indicates that the cover t

ype for the above inventories 15 the same as the 1988 standard cover
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APPENDIX A

Hydrologic Inventories

Utah Lake Drainage Area. In cooperation with Utah State University.
November 1969. 136 pages - includes substantial climatic,
streamflow, and groundwater data, detailed water budgets, and more
general information on water quality, geology, economy, history, and
physiography.

Uintah Study Unit. In cooperation with Utah State University. March 1970.
181 pages - includes substantial climatic, streamflow, and ground-
water data, detailed water budgets, and more general information on
topography, geology, arable lands, history, economy, water guality
and ?ater development and management. (out of print, file copy
only

Weber River Study Unit. 1In cooperation with Utah State University.
August 1970 - includes substantial climatic, streamflow and
groundwater data, detailed water budgets, and more general
information on topography, geology, economy, and water quality.

Great Salt Lake Desert Area. In cooperation with Utah State University.
November 1971. 70 pages - includes substantial climatic and water
resources data, water budget for Tooele Valley, and more general

information on physiography, economy, geology, and water management
aspects.

Bear River Study Unit. In cooperation with Utah State University.
February 1973. 126 pages - includes substantial climatic,
streamflow, and groundwater data, detailed water budgets, and more
general information on water quality, topography, geology, and
economy.

Price River Study Unit. June 1975. Includes climatic, streamflow, and
groundwater data, detailed water budgets, and more general
information on water quality, topography, geology, and economy.

Escalante River Study Unit. December 1976. Includes climatic,
streamflow, and groundwater data, detailed water budgets, and more
general information on water quality, topography, geology, and
economy.

Dirty Devil River Study Unit. January 1977. Includes climatic,
streamfiow, and groundwater data, detailed water budgets, and more
general information on water quality, topography, geology, and
economy.

-R3-



—

APPENDIX A Continued

San Rafael River Study Unit. January 1977. Includes climatic,
streamflow, and groundwater data, detailed water budgets, and more
general information on water quality, topography, geology, and
economy.

Update of the Price River Study Unit. June 1978, Includes updated
climatic, streamflow, and water use data and detailed water budgets.

Update of the San Rafael River Study Unit. December 1979. Includes
updated climatic, streamflow, and groundwater data, detailed water
budgets, and more general information on water quality, topography,
geology, and economy.

Virgin and Kanab Study Units (Utah’s Lower Colorado River Area). February
1983. Includes climatic, streamflow, and groundwater data, detailed
water budgets, and more general information on water quality,
topography, geology, and economy.

Hydrologic Inventory of the Colorado, Dolores, and San Juan Study Units.
september 1987. Includes climatic, streamflow, and groundwater
data, detailed water budgets, and more general information on water
quality, topography, geology and economy.

Hydrologic Inventory of the Sevier River Basin. January 1991. Includes
climatic, streamflow, and groundwater data, detailed water budgets,
and more general information on water quality, topography, geology
and economy.
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APPENDIX B

In late 1984 at the beginning of Division of Water Resource’s new
phase of mapping water-related land use, an Active Mappers Committee was
formed.  Water Resources of the Department of Natural Resource and
Agriculture Development and Conservation of the Department of Agriculture
co-chaired this committee. Lloyd Austin of Water Resources and Jim
Christensen of Agriculture filled these roles. Member agencies were:

Utah State Automated Geographic Reference System

U.S. Bureau of Land Management

U.S. Bureau of Reclamation

University of Utah Center for Remote Sensing and Cartography

Utah Department of Transportation

Utah Department of Agriculture

Utah Department of Natural Resource

Utah Department of Health - Water Pollution

Utah Division of Water Resources

Utah Division of Water Rights

Utah Division of Wildlife Resource

U.S. Soil Conservation Service

Utah Division of State Lands and Forestry

Utah Geological and Mineral Survey

U.S. Fish and Wildlife Service

U.S. Forest Service

U.5. Geological Survey

Utah State University Extension Service

The committee surveyed all ongoing mapping efforts and then focused
on the issue of coordinating and standardizing map data. The relation-
ships between several state agencies and the AGRC program of the O0ffice of
Planning and Budget were also clarified. Three specific products came

from this committee’s work. The first was a standardized definition of a
base resource data map file as follows:
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APPENDIX B Continue

Layers of Data Level of Detail

Infrastructure & Base Map Quad Sheet (USGS Topo) 1:24,000 scale

Ownership Federal/State/Private, 1:250,000 scale

Soils Level 3 definition with preferred input at
1:24,000 scale

Land Cover Standard legend using 1:24,000 scale

Climate Precipitation/Temperature at 1:250,000 scale

Secondly, a standard legend for a cover map was developed and agreed
upon which allows a hierarchy of data entry. This is shown as Table 4.
The headings which are marked with an asterisk were minimum required for
the base data set. [Individual agencies could use finer breakdowns as
needed for their specific programs.

The Division of Water Resources used only certain categories in the
Bear River mapping which were considered necessary for the water use
budgets being prepared. A1l rangeland and forestland categories were left
off while some categories were subdivided further than required by the
base data set standards.

The third agreement reached by the committee was the use of a
standard set of watershed units for the state. It was agreed that the
maps developed by the United States Geologica) Survey working with
National Water Resources Council would serve as the base standard.
Individual agencies could then further subdivide these larger units for
specific study purposes. This proposal was also presented to the Resource
Development Coordinating Committee (RDCC) during the year 1986 and
ratified.
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APPENDIX C

Water-Related Land Use Studies

Utah Lake Drainage Area. In cooperation with Utah State University.
February 1968 - detailed water-related land use tables and maps.

Bear River Drainage Area. In cooperation with Utah State University.
April 1969 - detailed water-related land use tables and maps.

Weber River Drainage Area. In cooperation with Utah State University.
February 1970 - detailed water-related land use tables and maps.

Uinta Hydrologic Area. Staff Report No. 7. September 1971 - detailed
water-related land use tables and maps.

West Colorado Hydrologic Area. Staff Report No. 8. January 1972 -
detailed water-related land use tables and maps.

Uintah Basin. In cooperation with U.S. Soil Conservation Services and
National Aeronautics and Space Administration. 1980. Contains
detailed water-related land use maps and tables. Investigates the
use of landsat data concurrently with the high altitude color
infrared photography to update the changing patterns of land use.
Performed under contract with the Center for Remote Sensing and
Cartography of the University of Utah Research Institute. 109 pages
plus maps.

Sevier River Basin (Upper Portion), 1981. Contains detailed water-related
land use maps and tables. Performed under contract with the Center
for Remote Sensing and Cartography of the University of Utah
Research Institute, 27 pages plus maps.

Salt Lake County, 1982. Contains detailed water related land use maps and
tables. Performed under contract with the Center for Remote Sensing
and Cartography of the University of Utah Research Institute. 24
pages plus maps.

Sevier River Basin (Middle Portion), 1984. Contains detailed water
related land use maps and tables. Performed under contract with the
Center for Remote Sensing and Cartography of the University of Utah
Research Institute. 34 pages plus maps.

Sevier River Basin (Lower Portion), 1985. Contains detailed water-related
land use maps and tables.

Virgin River Area, 1990. Contains detailed water-related land use maps
and tables. Performed in cooperation with USDA Soil Conservation
service, St. George, Utah office and Utah Division of Water Rights,
Cedar City Area Office. 56 pages plus maps.
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APPENDIX C Continued

Bear River Basin, 1991. Contains detailed water-related Tand use maps and
tables.  Performed in cooperation with Utah Division of Water
Rights. 50 pages plus maps.

Columbia River Basin (Utah portion), 1991. Contains detailed water-
related land use maps and tables. 46 pages plus maps.

Southeast Colorado Basin (Utah Portion), 1991. Contains detailed water-
related land use maps and tables. &7 pages plus maps.
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APPENDIX A. Explanation of Wetland
Classes Mapped in the Sevier River
Basin.

The material is taken from "Classifi-
cation of Wetlands and Deepwater
Habitats of the United States" by
Cowardin, et al. (1979). Only infor-
mation regarding riverine, lacustrine,
and palustrine systems is included.

THE CLASSIFICATION SYSTEM

The structure of this classification is hierarchical,
progressing from svstems snd subsystems, at the
mos: general levels. to classes, subclasses. and domi-
nance tvpes. Figurel illustrates the classification
structure to the class level Table 1 lists the classes
and subciasses for each system and gives an example
of & dominance tvpe for each subclass, Artificial kevs
to the svstems and classes are given in Appendix E.
Modifiers for water regime, water chemistry, and soils
are applied to classes, subclasses, and dominance
tvpes. Special modifiers describe wetlands and deep-
water habitats that have been either created or hughiy
modified by man or beavers

Hierarchical Structure

Systerms and Subsystems

The term SYSTEM refers here to a complex of
wetiands and deepwater habitats that share the
influence of similar hydrologic, geomorphologic, chem-
ical, or biological factors. We further subdivide
svstems into more specific categories called
SUBSYSTEMS.

The characteristics of the five major svsiems—
Marine. Estuarnine, Riverine, Lacusctrine, and Palus-
trine—have been discussed at lengeh in the scientific
literature and the concepts are well recognized: how-
ever, there is frequent disagresment as to which atin-
butes should be used to bound the zvstems in space.
For example, bath the limit of tidal influence and the
limit of ocean-derived salinity have been proposed for
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bounding the upstream end of the Estuarine System
(Caspers 1967). As Bormann and Likens (1969) pointed
outl. boundaries of ecosystems are defined to meet
practical needs.

Riverine Svstem

Definition. The Riverine System (Fig. 4! includes all
wetlands and deepwater habitats contained within a
channel, with two exceptions: (1) wetlands dominated
by trees, shrubs, persistent emergents, emergent
mosses, or lichens, and (2] habitats with water con-
taining ocean-derived salts in excess of 0.5%=. A
channel is “an open conduit either naturally or arti-
ficially created which periodically or continuously
contains moving water, or which forms & connecting
link berween two bodies of standing water” (Langbein
and lséri 1960:5],

Limits. The Hiverine System is bounded on the land-
ward side by upland, by the channel bank lincluding
natural and man-made levees). or by wetland domi-
nated by trees, shrubs, persistent emergents,
emergent mosses, or lichens. ln braided streams, the
system is bounded bv the banks forming the outer
limits of the depression within which the braiding
oLours,

The Riverine Svstern terminates at the downstrear
end where the concentration of ocean-derived salts in
the water exceeds 0.5%~ during the perioc of annual
average low flow, or where che channel entersa lake. It
terminates &t the upsiream end where tributary
streams originate, or where the chennei leaves a lake.
Springs discharging into a channel are considered part
of the Riverine Svstem.

Description. Water is usually, but not always,
flowing in the Riverine System. Upland isiands or
Palustrine wetlands may occur in the channel but
they are not included in the Riverine System. Palus-
trine Forested Wetlands, Emergent Wetlands,
Scrub-Shrub Wetlands, and Mosz-Lichen Wetlands
may oceur adjacent to the Riverine System. often on a
floodplain. Maeny biologists have suggested that all
the wetlands occurring on the river floodplain should
be a part of the Riverine System because they consider
their presence to be the result of river flooding.
However, we concur with Reid and Wood (1976:72.84)
who stated. "The floodpiain is a {lat expanse of land
bordering an old river, ... Often the flocdplain may

take the form of a very level plain occupied by the
present streem channel, and it may never, or oniy acce-

sionaliv, be flooded. . . . It is this subsurface water [the
ground water] that controls to a great extent the level
of lake surfaces. the flow of streams, and the extent of
swemps and marshes.”
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Fig. 4. Disunguishing features and examples of habitats in the Rivenne System,

Subsvstemns. The Rivering Svstem is divided into
four subsystems: the Tidal. the Lower Perennial. the
Upper Perennial. and the Intermittent, Each s defined
in terms of water permanence, gradient, water veioc-
itv, substrate. and the extent of fioodplain develop-
ment. The subsvstems have charactenstic flora and
fauna (see lllies and Botosaneau 1963; Hyvnes 1970
FReid and Wood 18761 All four subsvstems are not
necessarily present in all rivers, and the order of occur-
rence may be other than that given below.

Tidai —The gradient is low and water velocity fluc
tuaces under tidal influence. The streambed is mainly
mud with occasional patches of sand. Oxygen deficits
may somelimes occur and the fauna is similar to that
in the Lower Perennial Subsysiem. The flocdplain is
typically well developed.

Lower Perennigl—The gradient is low and water
velocity is slow, There is no tidal influence, and some
water flows throughout the vear. The substrate con-
sists mainly of sand and mud, Oxygen deficits may
sometimes occur, the fauna is composed mostly of
species that reach their maximum ebundance in still
water, and true planktonic organisms are common.
The gradient is lower than that of the Upper Perennizl
Subsystem and the floodplain is well developed.

Upper Ferennial —The gradient is high and velocity
of the water fast, There is no tidal influence and some
water flows throughout the year. The substrate
consists of rock, cobbles, or gravel with eccasional
patches of sand, The natural dissclved pxygen concen-
tration iz normally near saturation. Thefauna is
characteristic of running water, and there are few or no
plankionic forms. The gradient is lugh compared with
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that of the Lower Perennial Subsvstem, and there is
very little floodpiain development. i

Intermitrent —In this subsvstem. the channel con-
tains nontidal flowing water for only part of the year.
When the water is not flowing, it may remain in iso-
lated pools or surface water may be absent.

Classes. Rock Bottom. Unconsolidated Bottom,
Aquatic {led. Streambed. Rocky Shore, Uncon-
solidated Shore, and Emergent Wetland [nonper-
sistent).

Lacustrine Svstern

Definition. The Lacuatrine Svstem (Fig. 5 includes
wetlands and deepwater habitats with all of the fol-
lowing characteristics: (1) situsted in & topopraphic
depression or 8 dammed river channel: (2) lacking
trees, nrubs, persistent emergents. emergent mosses
or lichens with greater than 30% areal coverage: and
(3) total area exceeds B ha {20 acres). Similar wetland
and deepwater habitats totaling less than 8 ha are alsg
included in the Lacustrine Svstem if an active wave-
formed or bedrock shoreline feature makes up all or
part of the boundary, or if the water depth in the deep-
est part of the basin exceeds 2 m (6.6 feetl at low
water. Lacustrine waters may be tidal or nontidal, but
ocean-derived salinity is alwavs less than 0.5%e.

Limits. The Lacustrine System is bounded hy
upland or by wetland dominated by trees, shrubs, per-



Table 2. Salinity modifiers used in this clessification svstem

Approximate

specific

conducLance

Coastal modifiers® Inlend modifierst Salinity (parts per thousand|  (uMhos at 25°C)
Hyperhaline Hyperaaline =40 = 60,000
Euhsline Eusaline 30.0-40 45,000-60,000
Mixohsline (brackish) Muxosalinet 0.5-30 B00-45.000
Polvhaline Polvsaline 158.0-30 30.000-45,000
Mesohaline Meszasaling 50-18 £.000-30.000
Cligohaline Obgosaline 0.55 BO0- 8,000
Fresh Fresh < 0.5 < 800

sCapscal modifiers are used in the Marine and Estusnne svstems.
blnland modifiers are used in the Riverine, Lacustrine. and Palustrine systems.
The terrn Brackish should not be used for inland wetlands or deepwater habitats

sistent emergents. emergent mosses. or lichens. Lacus-
trine svstems formed by damming a river channel are
bounded by a contour approximating the normal spill-
way elevation or normal pool elevation, except where
Palusctrine wetlands extend lakeward of that bound-
arv. Where @ river enters a lake, the extension of the
Lacuscrine shoreline forms the Riverine-Lacustnne
boundary.

Description. The Lacustrine Svstem includes perma-
nently fiocoded lakes and reservowrs (e.g.. Lake Supe-
rior), intermittent iakes (e.g., plava lakes), and tidal
lakes with ocean-derived salinities below 0.5%e (e.g..
Grand Lake. Louisianal, Typically, there are extensive
areas of deep water and there is considerable wave
action. lslands of Palustrine wetlang may lie within
the boundaries of the Lacustrine System.

Subsvstems.

Limnenc.—All deepwater habitats within the
Lacustrine Svstem; many small Lacustrine systems
have no Limnetic Subsvstem,

Lirroral — All wetland habitats in the Lacustrine
System. Extends from the shoreward boundary of the
svstem to a depth of 2 m i6.6 feet) below low water or
to the maximum extent of nonpersisient emergents, if
thess grow at depths greater than 2 m.

Classes. Rock Bottom, Unconsolidated Bottom,
Aquatic Bed. Rocky Shore, Unconsclidated Shore, and
Emergent Wetland inonpersistent).

Palustrine Svstem

Definition. The Palustrine System (Fig. 6) includes
all nontidal wetlands dominated by trees. shrubs, per-
sistent emergents. emergent mosses or Lichens, and sll
such wetlands that ocour in tidal areas where salinity
due to ocean-derived salte is below 0.5%ee. It 2is0 in-
cludes wetlands lacking such vegetation. but with all
of the following four characteristics: (1) area less than
& ha (20 ecres) (29 active waveformed or bedrock
shoreline features lacking; (3) water depth in the deep-
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est part of basin less than 2 m at low water; and (4)
salinity due to ocean-derived salts less than 0.5% o,

Limits. The Palustrine Svstem is bounded by upland
or by any of the other four systems.

Description. The Palustrine System was developed
to group the vegetated wetiands traditionaily called
by such names as marsh. swamp, bog. {en. and prairie,
which are found throughout the United States. 1t also
includes the small. shallow, permanent or intermittent
watler bodies often called ponds. Palustrine wetiands
may be situated shoreward of lakes, river channeis, or
estuaries: on river floodplains: in iselated catchments:
or on slopes. They may also occur as islands in lakes or
rivers. The erosive forces of wind and water are of
minor importance except during severe floods.

The emergent vegeistion adjacent to rivers and
iakes is often referred to as “the shore zone’ or the
“zone of emergent vegetation” (Reid and Wood 1276),
and is generally considered separately from the river
itself. As an example, Hynes (1970:85) wrote in ref
erence Lo riverine habitars, “We will not here consider
the long list of ernergent plants which mayv occur along
the banks out of the current, as they do not belong,
strictly speaking, to the running water habitat.” There
are often great similarities between wetlands lyving
adiacent to lakes or rivers and isolated wetlands of the
same cinss in basins without open water.

Subsystems. None.

Classes. Rock Bottom. Unconsolidated Bottom,
Aquatic Bed, Unconsolidated Shore, Moss-Lichen
Wetland. Emergent Wetland, Scrub-Shrub Wetland,
and Forested Wetland.

Classes, Subclasses, and Dominance Types

The CLASS is the highest taxonomic unit below the
subsystem level It describes the general appearance
of the habitat in terms of either the dominant Life torm
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Fig. 6. Distinguishing features and exampies of habitacs in the Palustnine Svstem.

assigned to the class Serub-Shrub. When tress and
shrubs cover less than 30% of the area but the tocal
cover of vegetation iexcept pioneer species) is 30% or
greater. the wetland is assigned o the appropriate
elass [or the predominant life form below the shrub
layer. Finer difierences in life forms are recognized at
the SUBCLASS level. For example. Forested Wetland is
divided into the subclasses Broad-leaved Deciduous,
Needle-leaved Deciduous. Broed-leaved Evergreen.
MNeedle-ieaved Evergreen. and Dead. Subclasses are
named on the basis of the predormunant life form,

If vegetation covers less than 30% of the substrate,
the physiography and composition of the substrate are
the principal characteristics used to distinguish
classes. The nature of the substrate refiects regional
and locai variations in geclogy end the influence of
wind. waves. and currents on erosion and deposition of
substrate materiais. Bottoms, Shores, and Stream-
beds are separated on the besis of duration of inun-
dation. In the Riverine, Lacustrine., and Palustrine
svstems. Bottoms are submerged all or most of the
time. whereas Streambeds anc Shores are exposed all
or most of the time. In the Aarine and Estuarine
systems, Bottoms are subtidal, whereas Streambeds
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and Shores are intertidal. Bottoms. Shores. and
Streambeds are further divided at the class level on
the basis of the important characteristic of rock versus
unconsolidated substrate. Subclmsses are hazed on
finer distinctions in substrate material unless. as with
Streambeds and Shores, the substrate is coversd by,
or shaded by. an aerial coverage of pioneering vascular
plants foften nonkvdrophvtes| of 30% or more: the
subclass is then simply vegetated. Further detail ae o
the type of vegetation must be obtained at the level of
domunance type. Reefs are a unique class in which the
substrate itself is composed primarily of living and
dead amumals. Subclasses of Reefs are designated on
the basis of the type of organism that formed the resi.
The DOMINANCE TYPE is the taxonomic category
subordinate to subclass. Dominance tvpes are deter-
mined on the basis of dominant plant species fe.g.,
Jeglum et al, 1974} dominant sedentarv or sessije
animal species le.g.. Thorson 1957), or dominant plant
and animal species le.g.. Stephenson and Stephenson
18721 A dominant piant species has traditionallv
meant one that has control over the community
[Weaver and Clements 1238:91), and this plant is also
usually the predominant species (Cain and Castro



1859:29). When the subclass is based on life form, we
name the dominance type [or the dominanl species or
combinztion of species icodominanis) in the same laver
of vegetation used to determine the subclass® For
example. a Needle-leaved Evergreen Forested Wetland
with 70% areal cover of black spruce and 30% areal
cover of tamarack |Larix laricing) would be designated
88 a Picea maoriana Dominance Type. When the rela-
tive abundance of codominant species is nearly equal,
the dominance type consists of a combination of
species names. For example, an Emergent Wetland
with about eqgual areal eover of commen cattail [Typha
latifolial end hardstem bulrush (Scirpus acutus) would
be designated as Typha latifolia-Scirpus acutus Domi-
nance Tvpe.

When the subclass is based on substrate material,
the dominance tvpe 15 named for the predominent
plant or sedentary or sessile macroinvertebrate
species, without regard for life form. In the Marine and
Estuarine svstems. sponges. alevonarians, mollusks,
eruslaceans, worms, ascidians, and echinoderms may
gll be part of the community represented by the
Macoma balthice Dominance Type. Sometimes it is
necessary to designate two or more codominant
species as a domunance type. Thorson (13537) recom-
mended guidelines and suggested definitions for estab-
lishing community types and dominants on level
bottoms,

Unconsolidated Bottom

Definition. The class Unconsclidated Bottoem in-
cludes all wetland and deepwater habitats with at least
25% cover of particles smaller than stones, and a vege-
tative cover less than 30%. Water regimes are re-
stricted to subtidal, permanently flooded. intermit-
tently exposed, and semipermanently flooded.

Description. Unconsclidated Bottoms are charac-
terized by the lack of large stable surfaces for plant
and arumal attachment. They are usually found in
areas with lower energy than Reck Bottoms, and mey
be very unstable. Exposure to wave end current sc-
tior, tempersture. salinity, and bght penetration
determine the compesition znd distribution of
OTEaniSms,

Most macroalgae attach to the substrate by means
of basal hoic-fast cells or discs: in sand and mud, how-
ever, algae penetrate the subscrate and higher plants

can successfully root if wave action and currents are
not too strong. Most ammals in unconsolidated sedi-
ments live within the substrate. e.g.. Mocoma and the
amphipod Melita. Some. such as the polvchaete worm
Chaeropterus, maintain permanent burrows, and
others may live on the surface, especially in coarse
grained sediments.

In the Marine and Estuarine systems, Uncon-
solidated Hottom communities are relatively stable.
They vary from the Arctic to the tropics, depending
largely on temperature, and from the open ocean to the
upper end of the estuary. depending on salinity.
Thorson {1857 summarized and described charac-
Leristic types of level bottom communities in detail.

In the Riverine Svstem, the substrate type is largely
determined by current velocity., and plants and
animals exhibiz a high degree of morphologic and beha-
vioral adaptation Lo flowing water. Certain species are
confined to specific substrates and some are at least
more abundant in one tvpe of substrate than in others.
According to Hwnes {(1870:208), "The larger the
stones, and hence the more complex the substratum,
the more diverse is the invertebrate fauna.” In Lacus-
trine and Palustrine systems, there is usually a high
correlation, within a given water body. between the
nature of the substrate and the number of species and
individuals. For example, in the profundal bottom of
eutrophic lakes where light is absent. oxvgen content
is low, and carbon dioxide concentration is high. the
sediments are poze-like organic materiais and species
diversity is low. Each substrate type typically sup-
ports & relatively distinct community of organisms
IReid and Wood 1876:262).

Emergent Wetland

Definition. The Emergent Wetland class is charac-
terized by erect, rooted, herbaceous hvdrophyies,
excluding mosses and lichens. This vegetation is
present for most of the growing season in most vears,
These wetlands are usually domunated by perennial
plants. All water regimes are included except subtidal
and irregularly exposed,

Description. In areas with relatively stable climarie
conditions, Emergent Wetlands maintain the same
appearance year after yvear. In other areas, such as the
prairies of the central United States, violent climatic
fluctuations cause them to revert to an open water
phase in some years (Stewart and Kantrud 1972
Emergent Wetlands are found throughout the United
States and occur in sll systems except the Marine,
Emergent Wetlands are known by MaNY Names, in-
cluding marsh, meadow, fen, prairie pothole, and
slough. Areas that are dominated by pioneer plants
that become established during periods of low water
are not Emergent Wetlands ana should be classified as
Vegetated Unconsclidated Shores or Vegetated
Streambeds.
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Subecipsses and Dominance Types.

Persistent —Persisient Emergent Wetlands are
dominated by species that normaliy remain standing
at least until the beginning of the next growing season,
This subclass is found only in the Estoarine and Palus-
trine sysiLems.

Persistent Emergent Wetlands dominated by salt-
marsh cordgrass (Spartine alterniflora), saltmeadow
cordgrass |5 parens), big cordprass (S, cynosuroides),
needlerush funcus roemenanus), narrow-leaved cat-
tail (Tvphe angustifolia), and southern wild rice [Zi-
zanigpsis miliccea) are major components of the
Estuanine Systems of the Atlantic and Gulf coasts of
the United States. On the Pacific Coast. common
pickleweed |Salicornia virginical, sea blite (Suaeda cali-
fornica). arrow grass (Trglochin mantima), and Cali-
fornia cordgrass (Sperfing foliosa) are common domi-
nante.

Pailustrine Persistent Emergent Wetlands containa
vast array of grasslike plants such as cattails (Typha
spp.). bulrushes (Scirpus spp.), saw grass (Cladium
Jomaicense|, sedges (Corex spp.): and true grasses such
as reed (Phragmites communis), manna grasses (Glv-
“w=t 2pp.), slough grass (Beckmannia svzigachnel. and
whitetop (Scolochioa festucocea). There is also s
variety of broed-leaved persistent emergents such as
purple loosestrife (Lvthrum saficarin), dock (Rumex
mexzicanus), waterwillow (Decodon verticiliatusi, and
many species of smartweeds (Polvgonum),

Nenpersistent. —Wetlands in thiz subelass are
dominated by piants which fall to the suriace of the
substrate or below the suriace of the water ar the end
of the growing season so that, at certain seazons of the
vear, there is no obvious sign of emergent vegetation.
For example. wiid rice (Zizania aguarice) does not
become apparent in the North Central States until
midsummer and fall, when it may form dense emergent
stands. Nonpersisient emergents aiss include species
such as arrow arum (Peltandra uirginica), pickereiweed
Pantederia cordere|, and arrowheads (Sagirtaria spp.).
Movement of ice in Estuarine, Hiverine, and Lacus-
trine systems ofien removes all traces of emergent
vegetation during the winter. Where this occurs, the
aree should be classified as Nonpersistent Emergent
Wetland.

Serub-Shrub Wetland

Definition. The class Scrub-Shrub Wetland includes
areas dominated by woody vegetation less than 6 m
{20 feet) tall. The species include true shrubs, young
trees, and trees or shrubs that are small or stunted
because of environmental conditions. All water

regimes except subtidal are included.

Description. Scrub-Shrub Wetlands may represent

& successional stage leading Lo Forested Wetland. or
they may be relatively stable communities. Thev sccur
anly in the Estuarine and Palustrine sysitems, but are
one of the most widespread clas=zes in the United
States (Shaw and Fredine 1956). Scrub-Shrub Wet.
lands are known by many names. such as shrub swamp
(Shaw and Fredine 1956, shrub carr (Curtis 1959), bog
{Heinselman 1970), and pocosin (Kologiski 1877). For
practical reasons we have also included forests com:
posed of voung trees less than 6 m tall,

Modifiers

To fully describe wetlands and deepwater hahitats,
ane must apply certain modifiers at the class level and
at lower levels in the classification hierarchy. The
modifiers described below were adapted from existing
classifications or were deveioped specificallv for this
svstem.

Special Modifiers

Manv wetlands and deepwater habitats are man-
made, and naturzl ones have been modified to some
degree by the activities of man or beavers. Since the
nature of these modifications often greatly influences
the character of such habitats, special medifving
terms have been included here to emphasize ther
importance. The following modifiers should be used
singly or in combination wherever they apply to
wetlands and deepwater habitats.

Farmed

The soil surface has been mechanically or physically
altered for production of crops, but hydrophyies will
become reestablished if farming is discontinued.

Diked
Created or modified by & man-made bartier or dike
designed to obstruct che inflow of water,



Relationship to Other
Wetland Classifications

There are numerous wetland classifications in use in
the Uniced States. Here we relate this system to three
published classifications that have gained widespread
ecceptance. It is not passible to equate these systems
directly for several reasons: (1) The criteria selected for
establishing categories differ; (2) some of the classifi-
cations are not applied consistently in different parts
of the country; and |3) the elements classified are not
the same in various classifications.

The most widely used classification system in the
United States is that of Martin et al. (1953} which was
republished in U. 5. Fish and Wildlife Service Circular
39 IShaw and Fredine 1956). The wetland types are
based on criteria such as water depth and permanence.
water chemiscry, life form of vegetation, and dominant
plant species. In Tabie 4 we compare some of the major
components of our system with the tvpe descriptions
lisced in Circular 39.

In response to the need for more detailed wetland
classification in the glaciated Mortheast, Goelet and
Larson (1974] refined the freshwater wetland tvpes of
Circuiar 39 by writing more detailed descriptions and
subdividing classes on the basis of finer differences in
plant life forms. Golet and Larson’'s classes are
roughly equivalent to Types 1-8 of Circular 38, except
that thev restricted Type 1 to river floodplains, The

Golet and Larson system does not recognize rhe
coastal Itidal) fresh wetlands of Circular 35 (Types 12
14) as a separate category, but classifies these areas in
the same manner as nontidal wetlands. In addition to
devising 24 subclasses, they also created 5 size cate
gories, § site types giving & wetland's hvdrologic and
topographic location: § cover types imedified from
Stewart and Kantrud 1871) expressing the distri-
bution and relative proportions of cover and water, 3
vegetative interspersion types; and & surrounding
habitat types. Since this system is based on the classes
of Martin et al. (1953), Table 4 may also be used to
compare the Golet and Larson system with the one
described here. Although our system does not include
size categories and site types, this information will be
available from the results of the new inventory of
wetlands and deepwater habitats of the United States.
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Table 4. Comporison of wetland tvpes deseribed in U S, Fish and Wildlife Service Circular 3% with some of the
mgjor compenents of this clessification sysrem.

Clagsificauonof wellands and deepwater habitats

Water
Circuler 39 type. and references for examples of typical vegetation Classes Water regimes chemistry
Type 1—Seasonally fiooded basins or flats
Wet meadow [Dix and Smeins 1967, Stewart and Emergent Wetland Temporarily Flooded  Fresh
Kanurud 1972} Forested Wetland  Intermittently Mixosaline
Eottomiand hardwoods (Braun 2850) Flooded
Shallow-freshwater swamps (Fenfound 1952)
Type 2—Inland fresh meadows
Fen iHeinselman 1963} Emergent Wetland  Saturated Fresh
Fen, northern sadge meadow (Curtis 1959) Mixosaline
Type 3—Inlend shallow fresh marshes
Shallow marsh (Stewart and Kantrud 1972: Golet and Emergent Wetland  Semipermanently Fresh
Larson 1974) Flooded Mixpsaline
] Seasonally Flooded
Typed—Inland deep fresh marshes
Deep marsh IStewart and Kantrud 1972 Golet and Emergent Wetland  Permanently Flooded Frezh
Larson 1974) Aguatic Bed Intermiczently Mixosaline
Exposed
Semipermanently
Flooded
Type 5—Iniend open fresh water
Open water [Goler and Larson 1974) Aguetic Bed Permanently Flooded Fresh
Submerged aguatic (Curtis 195%) Unconsolidated Intermicttently {ixosaline
Bottom Exposed
Tvpe 6—Shrub swamps
Shrub swamp (Golet and Larson 1974) Scrub-Shrub All nontidal regnmes Fresh
Shrub-cerr, alder thicket ICurtis 1959 Wetland excepl Permanently
Flooded
Type T—Wooded swemps
Wooded swamp (Golet 2nd Larson 1974} Forested Wetland All nontidal regimes  Fresh
Swamps [Penfound 1952; Heinseiman 1963 except Permanently
Flooded
Type E=Bogs
Bog {Dansereau and Segadas-vianna 1952: Heinseiman 1263  Scrub-Shrob Saturated Fresh
Pocosin (Peniound 1852: Rolopski 1877) Wetland jacid only]
Foresied Wetland
Moss-_ichen
Wetland
Type 89—Inlend saline flats
Intermuttent alkak zone |Stewar: and Kanwrud 1972 Unconsclidatad Seasonally Flooded Eusaline
Shore Intermittenthy Hypersaiine
Flocded
Temporarily Flooded
Type 10=Inland saline marshes
Inland salt marshes (Ungar 1974} Emergent Wetland  Seascnally Flooded Eusaline
Semipermanently
Flocded
Twpe 11—Inland open saline water
Inland saline lake community (Ungar 1874) Unconsolidaced Permanently Flooded Eusaline
Bottom Intermittently
Flooded
Type 12—Cosstal shallow fresh marshes
Marsh [Anderson et al, 1968} Emergent Wetland ~ Regularly Flooded Mixohaline
Estuarine bav marshes, estuarine river marshes Irregularly Flocded  Fresh
(Stewart 1962) Semipermanently

Freshand intermediate marshes (Chabreck 1972)

Ficoged-Tidal
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ABSTRACT

This report describes the techniques and results from the use of color
infrared aerial photography in the mapping of agriculture land use and wetlands
in the Sevier River Basin of south-central Utah. A discussion of the efficiency
and cost effectiveness of utilizing Landsat multi-spectral scanner digital data
to augment photographic interpretations is presented.

The final products include this report and transparent overlays for 27
U.5.G.5. quadrangies showing delineations of wetlands and agricultural land

cover. A table is also provided which summarizes the acreage represented by

gach class on each quadrangle overlay.



IMTRDDUETIDN

The Sevier River Valley in south-central Utzh is an area undergoing rarid
change as ofl, gas, and coal resource development alter the land resource base
and stimulate population growth. A fundamental key to present and future
resource development is the efficient and wise use of the limited water
resources available in this semi-arid region of the Western U.5. A primary
part of the Soil Conservation Service's (SCS) mission is to assist farmers in
increasing the efficiency with which agricultural products are produced: this
includes planning efficient water application systems.

Recent legislation about wetland preservation serves to complicate the
management issue, making it more difficult for the 505 to support changes in
farming practices which would eliminate wetiands. Better information about
quality, type, and distribution of wetlands is required in order to properly

assess any impacts due to site disturbance or reallocation of the water source.

Objectives
Consistent with the contract between the SCS and the Center for Remote
Sensing and fartography (CRSC), the project study plan has the following
objectives:
1. Classify and map the wetlands and agriculture-related land cover of
the upper-Sevier River Basin.
2. Establish the cost effectiveness of utilizing Landsat multi-spectral

scanner digital data to compliment photographic interpretation.

Purposes
The SCS has several intended uses for the final producis of this study. A
major purpose of the study is to provide a basis for the Utah State Office of

the 5CS to carry out its assigned responsibilities under legislation and
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regulations which protect wetland environments. The inventory will also provide
ma2s and & table of all agricultural land use in the study area, for the puraose
of aiding in farm and ranch resource planning. The coordinated mapping of wet-
Tand habitat and agricultural land use will also assist SCS personnel and local
land owners in determining the interaction (e.qg., hydrologic, biological)
between wetlands and farms. Finally, the study will provide basic inventory
information about land cover types and potential water consumption use for

apolication in basin water respurce management.

Study Area

The study arez includes approximately 2,450 sqguare miles of land in the
upper Sevier River Valisy. The two principle drainages in this region are the
Sevier River and the East Fork of the Sevier River. The agricultural and
wetland valieys are bounded on the east by Parker Mountain, Escalante Mountains,
and the Paunsaugunt Plateau. 7o the south, the study area extends to the head-
waters oFf the Sevier River and its East Fork. To the west, the Markagunt
Pilateau and the Tushar Mountains, and to the north Piute Reservoir, Otter Creek
Reservoir, and the headwaters of Otter Creek near Kocsharem form natura)
boundaries. A1l of the wetlands and agricultural land in the valley floor have
been inventoried, but no mountain area wetlands have been inciuded. Figure 1
shows the extent of the study area. Twenty-seven U.5.6.5. quadrangles in the
study area were found to contain agricultural and wetland types. These quads,
for which map overlays have been prepared, are listed in Table 1. The location

of the quads in Table 1 within the study area is shown in Figure 2.

Y.
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Figure 1. Upper Sevier River Basin Study Area.
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Table 1. List of U.5.G.5. Quadrangles for Which Wetland and

Agricultural Land Cover Map Overlays Have Been Prepared.

Quadrangle # Quadrangle #
in Figure 2. Quadrangle Name in Figure 2. Quadrangle Name
] Abe's Knoll 12 George Mountain
2 Angle 16 Grass Lakes
3 Antimony 17 Greenwich
4 Blind Spring Mtn. 18 Hatch
5 Boobe Hole Res. 19 Junction
6 Bull Rush Peak 20 Koosharem
7 Burrville 21 Panguitch
E Casto Canyon 22 Panguitch NW
) Circleville 23 Parker Knoll
10 Cow Creek 24 Phonolite Hill
n Deep Creek 25 Piute Reservoir
12 Fivemile Ridge 26 Sweetwater Cr.
13 Flake Mtn. East 27 Wilson Peak
14 Fremont Pass

By
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LITZRATURE REVIEW
Three types of literature were surveyed in connection with the study:
wetland classification; remote sensing applications to wetlands; and Utah water
resource documents.
For wetland classification work, the standard document used in the United

States over the past two decades is Circular 39, Wetlands of the United States

by Shaw and Fredine for the U.S. Fish and Wildlife Service (1956). The U.S.

Fish and Wildlife Service has published a new document called (lassificaticn of

Wetlands and Deepwater Habitats of the United States by Cowardin, et al. (1979).

The literature in remote sensing applied to wetlands is increasing as more
attention is given to the development of photo-interpretation technigues as
well as use of satellite imagery. Some satellite investigations have been
pursued from manual and digital approaches (Anderson, et al., 1973; Cowardin,
et al., 1972; Carter and Shubert, 1974; Bartlett, et al., 1977; and others),
but the more definitive work is done with photography, especially color-infrared
photo-interpretation (Anderson, 196%; Seher and Tuelier, 1972; Enslin and
Sullivan, 187¢; and others). Since applications have been in environments quite
different from the Sevier River Valley, the techniques developed at CRSC were
tailored to meet the specifications of this study.

Experience acquired by CRSC in performing an inventory of wetlands and
agricultural land cover in the Uinta Basin (Ridd, et al., 1980) contributed

substantially to the approach outlined in the project study plan.

i



LAND USE/COVER CLASSIFICATION

Three general classes of land usefcover were identified in this study:
agriculture; wetlands; and rangelands.

The main agricultural land cover types found in this study area include the
following:

1. Hay. Grass, alfalfa, or a mixture of both, mowed and cured for fodder.

2. Grain. Pure stands or mixtures of oats, wheat, barley, or rye.

3. Irrigated Pasture. Introduced or native grasses, which are irrigated

to produce maximum forage for grazing livestock.
4. Corn.
Z. Miscellansgus Garden Crops. Crops such as corn, squash, tomatoes, etc.,
grown mostly for domestic consumotion.

A1l of the agricultural types listed above have been mapped in this study,
with the exception of the miscellaneous garden crop; such areas were not
mapped because of their small size. Small garden crop areas have been included
ynder the urban classification because they were usually located quite closely to
associated farmsteads.

The next major land cover type identified was wetlands. In an effort to
incorporate the most recen: classification system for wetlands with tne stucy,
CRSC and SCS personnel decided to apply the new U.S. Fish and Wildlife publica-

tion, Classification of Wetlands and Deepwater Habitats of the United States.

Cowardin et al., (1979). The complete 1ist of wetland classes mapped in this
study is presented in Table 2.

The environment in the study area contained three distinct wetianc systems:
palustrine; lacustrine; and riverine. Appropriate modifiers such as "diked" and
"farmed" were also included to more completely explain the use of the wetlands.

Although a complete discussion of the wetland cover types mapped in the

study area apoears in Appendix A, & brief interpretation is provided here.

=



Table 2. Map Legend for Wetland Vegetation Classes Studied in

the Upper Sevier River Basin.

WETLANDS
P Palustrine L Lacustrine
EM Emergent 1 Limnetic
S5 Scrub/Shrub ¢ Littors)
UB Unconsolidated Bottom UE Unconsolidated Bottom
EM Emergent
R Hiverine Modifiers
2 Lower Perennial f Farmed
3 Upper Perennial h Diked/Impounded

=10=



Basically, wetlands occuring in the upper Sevier River Basin which neither fit
the definition of riverine or lacustrine wetlands are classified as palustrine.
Riverine wetlands in the study area are found in stream channels with vegeta-
tion dominated by non-peristent vegetation. Similarly, lacustrine wetlands are
areas not dominated by peristent emergent vegetation, trees, or shrubs which
occupy an area of 20 acres (8 ha) or more; such areas are associated with lakes
or reseryoirs in topographic depressions or dammed river channels. Thus,
streams and large bodies of water, and the non-persistent vegetation zones
adjacent to such areas, respectively represent riverine and lacustrine wetlands.
From the foregoing, it is clear that the definition of persistent and
non-peristent vegetation is the key to the process of classifying wetlands.
Peristent emergent vegetation (see Page A-7, Appendix A) consists of erect,
rooted, herbaceous hydrophytic vegetation which normally remains standing at
least until the beginning of the next growing season (i.e., cattails, bull-
rushes, sedges). MNon-peristent vegetation falls to the surface of the substrate
or below the surface of the water at the end of the growing season so that, at
certain seasons of the year, there is no obvious sign of emergent vegetation.
In the study area, most of the emergent vegetation associated with lacustrine
and palustrine areas consisis of grasses, sedges, and rushess Initially, such
vegetation was considered to be non-persistent, at least with regard to emergent
wetlands associated with major reservoirs. Thus, several areas were mapoed as
lacustrine shore (or littoral) emergent wetlands. In further considering the
definition of persistent vegetation, such areas should be regarded as palustrine
emergent wetlands, since there {5 year— round evidence of emergent vegetation.
The palustrine wetland system may be broken down into three classes:
unconsolidated bottom; emergent wetland; and scrub-shrub wetland. The unconsol-

idated bottom class (map symbol PUB) consists of natural or man-made ("diked")



ponds which are smaller than 20 acres (8 ha); such areas correspond to Type §
wetlands under the Circular 39 classification system (see Appendix B).

The palustrine emergent (map symbol PEM) class generally corresponds to
Type 2 or 3 wetlands in Circular 39 (Appendix B) terms. Such areas occur above
the high water mark of lakes or reservoirs and are dominated by peristent
grasses, sedges, and rushes. Where persistent emergent areas are pastured, they
bear the modifying symbol “f" for "farmed"; this corresponds to Circular 39 Type
2 wetlands. Where persistent emergent vegetation occurs below seasonal high
water marks of reservoirs, the modifier "h" for “"diked" is added; this correlates
with the Circular 39 Type 3 wetlands, and should also include areas mapped as
"|2EMh" for lacustrine, littoral, emergent, diked.

One palustrine area near Piute Reservoir was dominated by willows and has
been mapped as & scrub/shrub, diked wetland.

The riverine system was mapped by using a dashed line. This system includes
the stream channel as well as adjacent wetland areas. Typically adjacent wet-
lands, dominzted by non-persistent emergent vegetation, do not extend beyond
three to ten fest from the edge of the channel., Consequently, no acreage deter-
minations were possible for this wetland type.

The lacustrine system consists of reservoirs and are mappes with the symbol
" TURBh" for "lacustrine, limnetic, unconsolidated bottom, diked” (see Appendix A).
Such areas actually include the fairly narrow (and, therefore, difficult to map)
littoral zone which extends from the two meter water depth shoreward.

Riparian vegetation, which was not considered hydrophytic for wetland mapping
purposes, was alsc mapped. Such areas occur adjacent to open water and support
various phreatophytic vegetation such as cottonwoods, box elders, and willows.

Rangeland areas adjacent to agricultural and wetland areas have been jdenti-
fied in a general fashion. The rangeland types noted on the maps are pinyon-

juniper, brush-grass, and grezsewood.
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METHODS

Mapping Technigues

In this study several different techniques were used to compile and transfer
aerial photographic and field observation data to the final map product.

The basic mapping product was color-infrared aerial photography. These
photographs were transparent film positives at a scale of 1:31,680 (flown July 1975).

The first stage of map production was to delineate the wetland and agricul-
tural zones which were visable on the photographs. Vegetation cover was
jdentified by examining the following: the color, texture, and patterns on the
photographs; hydrologic features; and topography.

The next stage of production was to transfer the delineations on the photo
overlays to the final map scale, which is 1:24,000, and to register delineations
with the standard 7% minute U.5.G.S5. quadrangle base. This step was accomplished
by two different techniques, one of which was to use a K&E Kargl projector, an
enlarging 1ight table. The second method was to photographically enlarge the
delineations from photo scale to the final map scale; the photo mechanical
transfer (PMT) technique was used to accomplish such methec, and was found to be
guite efficient 25 compared to conventional photographic processes. That is,
the PMT process allows photographic enlargement in one step, whereas the trad-
itional process requires a negative to be made first, from which the positive
transparency is developed.

After the delineations were enlarged to the U.5.6.S. quad scale, they were
ready to be field cnecked to verify the interpretations and delineations in the
study area.

Once in the field, the CRSC personnel made a point to visit all agricultural

and wetiand basins within the study area. The field team was able to quickly
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make final delineations and interpretations once the type and extent of the
land cover was identified on the aerial photographs.,

In choosing the map symbolization for wetlands, a document of mapping
conventions by Charles R. Elliott, the Regional Wetland Coordinator of the U.S.
Fish and Wildlife Service, was consulted. The wetland data was first placed
on the U.5.G.5. base map by a series of letters and numbers: the first letter
representing the system or major cover class, and subsequent letters and
numbers representing subordinate levels of detail (see Table 3).

Simple alphabetic symbols were selected for agricuitural and rangeland
cover types. After the appropriate symbols were placed on the guads, the final
overlays were drafted using waterproof black ink on a single matte stable draft-
ing film. Final drafting was carefully performed to make sure that the
agricultural and wetland polygons were located as planimetrically correct as
possible.

After completion of the map overlays, the final step was to determine the
acreage represented by each land cover type per quad. A computerized digitizer
and a software program designed specifically to perform area measurement were
used to accomplish this task. This procedure was found to be quite accurate in
making the acreage estimates, which are summarized in Table & (presented in the
next section).

Landsat Analysis

As a second part of the contract agreement, CRSC agreed to examine the cost
effectiveness of utilizing Landsat MsS digital data to augment photographic
interpretations. Landsat digital tapes were purchased and analyzed to allow
the same sort of merging of digital print maps with photos that proved helpful
in the Uinta Basin wetland/land use study (CRSC Report 80-2) completed for the

3C5. The methods used to analyze the tapes is outlined below.
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Table 3. HWetland Legend Mapping Conventions Used by the

U.S. Fish and Wildlife Service.

Marine
1 Subtidal
2 Intertidal

Estuarine
1 Subtidal
2 Intertidal

Palustrine
1 No Subsystem

Upland

Rock Bottom
1 Bedrock
2 Rubble

Unconsolidated Bottom
1 Cobble-Gravel

2 Sand

3 Mud

4 Organic

Aguatic BRed

1 Algal

2 Aguatic Moss

2 Rooted Yascular

4 Floating Vascular

Reef

1 Coral

2 Mollusk
3 Worm

Special

b
d

f

Beaver
Partially Drained/
Ditched
Farmed

Systems and Subsystems

R

Riverine

1 Tidal

Z Lower Perennial
3 Upper Perennial
4 Intermittent

Lacustrine
1 Limnetic
2 Littoral

Classes and Subclasses

5B Streambed EM Emergent
1 Bedrock 1 Persistent
2 Rubble 2 Nonpersistent
3 Cobble-Gravel
4 Sand SS Scrub-Shrub
& Mud 1 Broad-leaved Deciduous
6 Organic 2 Needle-leaved Deciduous
7 Vegetated 3 Broad-leaved Evergreen
4 Needle-leaved Evergreen
RS Rocky Shore 5 Dead
1 Bedrock & Deciduous
2 Rubble 7 Evergreen
US Unconsolidated Shore FO Forested

1 Cobble-Gravel 1 Broad-leaved Deciduous
2 Sand 2 Needle-leaved Deciduous
3 Mud ) 3 Broad-leaved Evergreen
4 Organic 4 Needle-leaved Evergreen
5 Vegetated 5 Dead
6 Deciducus
ML Moss-Lichen 7 Evergreen
1 Moss
2 Lichen
Other Modifiers
Special (con't So0ils
h  Diked/Impounded g Organic
r Artificial n Mineral
s Spoil
% Excavated

=15



Initially, selected intense study areas (ISA) were located for the purpose
of finding spectral signatures for land cover classification. A spectra) signa-
ture is the mean reflectance in green, red, and two near-infrared bands of Tight
energy which is sensed by the Landsat multi-spectral scanner (MSS). Landsat
senses reflectance values for over 10 million picture elements or "pixels™ in
a given scene. The Koosharem Reservoir and Antimony areas were ISA's for wet-
land and agriculture signatures, and the Parker Mountain area was studied for
rangeland signatures. Two Landsat scenes, sensed on July 28, 1979, provided
the data for all digital processing.

After the digital data had been read into the computer and geographically
cerrected, a software package called "ELAS" was applied to analyze the data
(see Stage 1 in Figure 3). Within ELAS there is 2 program entitled SEARCH,
which is utilized to generate statistics that characterize pixel groups having
similar spectral features across the four bands (see Stage 2 in Figure 3).
SEARCH s a routine which is used to provide training statistics for a program
called MAXL, which classifies individual pixels into groups based upon each
pixel's highest statistical probability of belonging to 2 given group. In
SEARCH, each contiguous six scan line (Landsat pixel matrix "row") by six
element block (pixel matrix “"column") is evaluated; if the spectral data within
the six by six block is too heterogeneous, the program will switch to the use of
a three by three block of pixels. The statistics generated by SEARCH include
mean pixel 1ight radiance values for each of the four bands, a covariance
matrix, and a priori values. A set of statistics is generated by SEARCH
representing various classes of 1ight reflectance patterns found in the study
area "searched". The four mean 1ight refiectance values, one for each MSS band,
are plotted to form a curve called a "light signature" which characterizes each

class. SEARCH thus “"trains" MAXL to recognize different ground cover patterns
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Figure 3. Summary of steps in Landsat Digital Data Analysis: Stage 1 and 2.

LANDSAT DIGITAL DATA ANALYSIS: STAGES 1 AND 2

[:, Computer Program O Graphic Output

Analyst Interacti Step requiring acquisition
na nte on
’ I of ground truth

REFORMAT

STAGE 1: study area
Initial Processing and
Geo-Referencing
CONSTANTS
SEARCH 1 -
ignature SEARCH 2 STAGE 2:
Plot SEARCH 3 Generating Signature
SEARCH n Statistics Files
DISCRIMINANT CLUSTER
ANALYSIS ANALYSIS




as it places individual pixels into classes. A knowledge of the manner in

which different land cover features form spectral signatures, combined with

the analysis of aerial photography and field checking of digital classifications,
allows remote sensing researchers to provide an interpretation of Landsat-
derived classes.

In this study, 77 spectral signatures were derived from the SEARCH program;
of the 77, only about half were considered to be associated with cover types of
primary interest. The next step was to selectively eliminate signatures which
WETE nf.littie utility. This process of reducing the number of signatures was
accomplished through use of a combination of statistical routines and by
generating print maps of selected areas and calibrating print symbols with
ground observations (see Stage 2 in Figure 3, and Stage 3 in Figure 4).

The statistical routines used at CRSC included principal components,
cluster analysis, and discriminant analysis. Application of the statis<ical
analyses results to information gathered by comparing aerial photographs with
Tight signature map print symbols allowed the combination of some signatures
and further refinement of others. Consequently, 52 signatures were produced

which were used to classify the entire study area.



Figure 4. Summary of Steps in Landsat Digital Data Analysis: Stage 3 and 4.

LANDSAT DIGITAL DATA ANALYSIS: STAGES 3 AND 4
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Verify Results’
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RESULTS
Final products from this study include a locator map, quadrangle overlays,

and tables, as outlined below.

Locator Map: Two Landsat false color composite images have been mosaiced to
provide an overview of the study area. A clear overlay showing
watershed boundaries, cities, and reservoirs has been added.

The map scale is 1:250,000.

Overlays: One transparent overlay for each 1:24,000 quadrangle in the study
area containing wetlands or agricultural land has been provided.
These overlays show the land cover classes and class boundaries.
They may be placed directly on the U.S.G.S. guadrangle and
registered to the border lines for direct reading. Figure 5
displays 2 portion of an overlay.

Tables: A summary and detailed 1istings of all agricultural and wetland
classes, showing acreage per quadrangle, have been prepared.
Table 4 presents the totzl acreage by cover type in the entire
study area.

The most abundant cover type among the five agricultural types was hay,
with 13,818 acres. The other agricultural types occupied the foilowing amounts
of area: iJrrigated pasture, 7,237 acres; grain, 1,992 acres; corn, 481 acres;
and potatoes, 17.4 acres. Among the B wetland classes, for which acreage
measurements were made, the farmed emergent palustrine cover type wzs the most
extensive with nearly 15,957 acres. The second largest type was open water in
reservoirs (lacustrine, limnetic, unconsolidated bottom, diked), with nearly
4,699 acres. Riverine wetland areas were mapped but not measured because of

their linear nature and variazble width. Riparian cover,dominated mostly by

fremont cottonwood (Pooulus Fremontii), box elder (Acer negundo), and willow

(Salix spp.), represented 2,392 acres.

As mentioned above, the mapping of areas in this study was based primarily
upon the interpretation color-infrared aerial photography. Such medium pro-
vided an excellent resgurce for making accurate delineations of agricultural

field and natural vegetation boundaries, but the fact that the photography was

50
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Figure 5.

Portion of Wetland and Agricultural Land Cover Overlay for the
Circleville Quadrangle.
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over five years old presented a major item of concern. Originally, it was
thought that the 1979 Landsat data would provide the primary means to update
the land cover classification process by creating photo digital overlays, as
was done in the Uinta Basin Wetland/Land Use Study (Ridd, et al., 1930).
Although the initial processing of Landsat data (discussed above) showed pro-
mise for augmenting the analysis of agriculture and wetland areas, several
factors led to the decision to not use Landsat as a primary analytical medium.
The Sevier River Basin situation turned out to be quite different from that in
the Uinta Basin study in several respects: the available photography in the
Sevier Basin area is five years more “out of date"; wetland and agricultural
areas in the Sevier Basin are typically much smaller and are more accessible
to vehicles than in Uinta Basin; the best available (i.e., cloud free, proper
season, most complete coverage of the study area with a2 minimum number of
scenes) landsat digita)] data was recorded July 28, 197%; four years from the
date of the photography and two years from the time of field work. Consequently,
the need to field check maps and the ease with which field checking could be
accomplished resulted in the decision to emphasize the "direct sensing” aspect
of the mapping process. The circumstances of the study were such that to com-
plete and refine the Landsat digital analysis would have taken as much time and
cost as an extra trip to the field. Since the primary objective of the study
is to provide maps which are as detailed and current as available remote
sensing media will allow, it was quite clear that additional field work should
be the proper approach.

Landsat digital data was considered for use in differentiating brush-grass
rangeland from pinyon-juniper woodlands. O0igital print maps were checked
against the photography to ascertain the ability of make such discriminations.

The results of such checking led to the conclusion that further refinements

B s



would be needed to accurately delineate the two rangeland types with Landsat.
The green colored areas on the U.S.G.S. base maps were compared with vegetation
patterns on the photographs. Since the green areas on the foothills correlated
highly with pinyon-juniper, it was decided that delineating such woodlands from
brush-grass areas would be redundant. Consequently, overlay map users can
examine the areas labeled pinyon-juniper and brush-grass in combination with

the U.5.G.5. base map to ascertain where the two rangeland types occur.



CONCLUSIONS

Both high altitude color infrared aerial photography and Landsat digital
data were examined in this study to determine the feasibility of using either
or both data sources to produce wetland/agriculture maps. Llandsat digital
tapes were analyzed and print maps produced to overlay over the CIR photography
in a similar manner to that which proved useful in the Uinta Basin project.
When mapping an area of the size and nature of the upper Sevier Basin, high
altitude color infrared photography, coupled with a fair amount of field work,
proved to be the most accurate and cost-effective means of mapping wetlands and
agricultural lands.

Since a certain amount of uncertainty accompanies any research effort, it
1s not always clear at the outset whether Landsat analysis will be a cost-
effective dimension of a study. However, experience in the Sevier River study
area has proved invaluabie in terms of allowing CRSC the opportunity to explore
the use of Landsat and develop some criteria which will help assure cost-
effective use of Landsat in future projects. By asking a series of guestions,
and comparing the responses to our experience base (which includes vicarious
experiences through others in the literature), we are provided with a means of
selecting a study approach which wili produce the desired final product. The
primary questions are:

Objective

What is to be studied and mapped?

Purpose = Why is it to be mappad, how and by whom will the map be used?
Resources - What maps, aerial photography, and imagery are available?

Study Area - What is the size, topography, and nature, in terms of contrasts
between surficial features, of the study area? How accessible

are areas of special interest for purposes of facilitating
field checking?



Standards - What are the mapping accuracy standards, in terms of scale,
legend categories, size of minimum mapping units, etc.

Limits - What are the practical limits to the project in terms of time,
budget, and perscnnel?

Reflection upon the guestions above, in 1ight of an ever-increasing experience
base with Utah environments, remote sensing media, and analytical techniques
will do much to assure production of resource inventories meeting accuracy

standards with minimum cost.



SELECTED REFERENCES

Anderson, R, R. 1965. The Use of Color Infrared Photography and Thermal Imagery
in Marshland and Estuarine Studies. Second Annual Earth Resources Aircraft
Program Status Review. NASA Manned Spacecraft Center, Houston, Texas,
September 16-18, 1969, pp. 40-3 to 40-29.

Anderson, R. R., V. Carter, and J. McGuinness. 1973. Applications of ERTS Data to
Coastal Wetland Ecology with Special Reference to Plant Community Mapping and
Impact on Man. Third Earth Resources Technology Satellite 1 (Landsat 1)

Symposium, NASA Goddard Space Flight Center, Washington, D.C., December 10-14,
1873, V¥ol. 1 (b):1225.

Anderson, R. R. and F. J. Wobber. 1973. Wetlands Mapping in New Jersey. Photo-
grammetric Engineering and Remote Sensing, Vol. 39(4):353-358.

Bartlett, D. S., V. Klemas, R. H. Rogers, and N. J. Shah. 1877. Variability of
Wetland Reflectance and its Effect on Automatic Characterization of Satellite
Imagery. Proceedings of the American Society of Photogrammetry. 43rd Annual
Meeting, Washington, D.C., February 27 - March 5, 1977. pp. 70-89.

Brown, Walley W. 1578. Wetland Mapping in New Jersey and New York. Photo-
grammetric Engineering and Remote Sensing, Vol. 44{3):303-314.

Carter, V., D. Malone, and J. Burbank. 1979. Wetland Classification and Maoping

in Western Tennessee. Photogrammetric Engineering and Remote Sensing,
Vol. 45(3):273-284.

Carter, V. and J. Schubert, 1974, Cgastal Wetlands Analysis from ERTS MSS
Digital Data and Field Spectral Measurements. Proceedings of the Ninth
International Symposium of the Environment, Environmental Research Institute
of Michigan, Ann Arbor, Michigan. Vol. 2:1241-1260.

Cowardin, L. M., V. Carter, F. C. Golet, and E. T. LaRoe. 1979. (Classificztion
of Wetlands and Deepwater Habitats of the United States. ffice of Bio-
logical Services, Fish and Wildlife Service, U.S. Department of the Interior,
Washington, D.C., 20240. FWS/0BS-79/31.

Cowardin, L. M. and V. I. Myers. 1973. Remote Sensing for Identification and
Classification of Wetland Vegetation. Journal of Wildlife Management,
Vol. 38(2):308-314.

Ensiin, W. R. 1573. The Use of Color Infrared Photography for Wetlands Mapping
with Special Reference to Shoreline and Waterfowl Habitat Assessment.
Michigan State University, East Lansing, Michigan. 33 p.

Enslin, W. R. and M. C. Sullivan. 1974. The Use of Color Infrared Photography
for Wetlands Assessment. Remote Sensing of the Earth Resources Conference,
University of Tennessee Space Institute, Tullahoma, Tennessee, Yol.
I11:687-720.



Ernst-Dottavio, L. C., R. M. Hoffer, and R. P. Mroczynski. 1981. Spectral
Characteristics of Wetland Habitats. Photogrammetric Engineering and
Remote Sensing, Vol. 47, No. 2, February 1981, pp. 223-227.

Gilmer, S., E. A, Work, Jr., J. E. Colwell, and D. L. Rebel, 1980. Enumeration
of Prairie Wetlands with Landsat and Aircraft Data. Photogrammetric
Engineering and Remote Sensing, Vol. 46(5) pp. 631-634,

Kiemas, V., F. C. Daiber, D. Bartlett, 0. W. Chrichton, and A. 0. Fornes. 1974.
Inventory of Delaware's Wetlands. Photogrammetric Engineering and Remote
Sensing, Vol. 40(4):433-439,

LaPerriere, A., and J. Morrow. 1978. Use of Landsat Data for the Wetland
Inventory of Alaska. PECORA IV, Proceedings of the Symposium, Application
of Remote Sensing Data to Wildlife Management. Sioux Falls, South Dakota.

Nichel, J. £. 1975. Collection and Processing of Remote Sensing Data Related to
Wildlife Conservation in Natural Environments. In Proceedings of the Tenth
Internationz] Symposium on Remote Sensing of Environment. Environmental
Research Institute of Michigan, Ann Arbor, Michigan. Vol. 1:369-372.

Pipiand, R. 0. and Staff of Earth Resocurces Laboratory. 1974. Remote Sensing
Techniques for Support of Coastal Zone Resource Management. Proceedings
of the Approaches to Earth Survey Problems through Use of Space Technology
Sympesium. Earth Survey Problems -- Akademie Verlag, Constance, Germany.
pp. 357-371.

Reimold, R. J., J. L. Gallagher, and D. E. Thompson. 1573. Remote Sensing of
Tidal Marsh. Photogrammetric Engineering, Vol. 39(5):477-488.

Ridd, M. K., J. €. Christensen, L. D. Clark, Jr., and K. F. Landgraf. 1980,
Uintza Basin Wetland/Land Use Study: A Merger of Digital Landsat and
Aircraft CIR Technigues. Center for Remote Sensing and Cartography
Report 80-2.

Seher, J. S. 1972Z. Color and Color Infrared Aerial Photography for Waterfowl
Habitat Evaluation. University of Nevada, Nevada Agricultural Experiment

- Station, Technical Bulletin 16, Reno MNevada. 55 p.

Seher, J. S. and P. T. Tueller. 1973. (olor Aerial Photos for Marshiand.
Photogrammetric Engineering and Remote Sensing, Vol. 39(5):489-499.

Shaw, F. P. and C. G. Fredine. 1956. Wetlands of the United States. U.S. Fish
and Wildlife Service, Circular 3%. 67 p.

Wobber, F. T. and R. R. Anderson. 1972. Operational Wetlands Mapping Using

Multiband Aerial Photography. In Coastal Mapping Symposium. American
Society of Photogrammetry,

Iy o o



APPENDIX 8

Circular 29 Wetland Classification System Definitions of Type 1-11 Wetlands

A. Wetlands

1=

Seasonally Flooded Basins or Flats

The soil is covered with water or is water logged during variable
seasonal periods, but usually is well drained during much of the grow-
ing season. This type is found both in upland depressions and in
overflow bottom lands; along river courses, flooding occurs in late
fall, winter, or spring. In the uplands, basins or flats may be
filled with water during periods of heavy rains or melting snow.
Vegetation varies greatly according to the season and the duration of
flooding. Where the water has receeded early in the growing sezson,
smartweeds, wild millet, fall panicum, tealgrass, and weeds, such as
marsh elder, ragweed, and cackieburs are likely to occur. Shallow
basins that are submerged only very temporarily usually develop little
or no wetland vegetation.

Inland Fresh Msadows

The soil is without standing water during most of growing season but is
waterlogged within at least a few inches of the surface. Vegetation
includes grasses, sedges, rushes, and various broadleaf plants.
Representative plants are carex, brushes, redtop, reesdcrasses, mana-
grasses, prairie cordgrass, and mints. Meadows may i1l shallow lake
depressions, sloughs or farmland sags, or these meadows may border
shallow marshes on the landward side. Wild hay is often cut from such
areas.

Intand Shallow Fresh Marshes

The soil it usually waterlogged during the growing season. Often, it is
covered by as much as six inches or more of water. Vegetation includes
grasses, bullrushes, spikerushes, or other various marsh plants such as
cattails, arrowheads, and smartweeds. These marshes may nearly fill
shallow lake basins or sloughs or they may border deep marshes on the
landward side. They are also common as seep areas on irrigated lands.

B-1
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Inland Deep Fresh Marshes

The soil is covered with six inches to three feet or more of water

during the growing season. Vegetation includes cattails, bullrushes,
reecs, spikerrushes, and wildrice. In open areas, pondweeds, naiads,
cocntail, watermilfoils, waterweeds, duckweeds, waterlilies or spatter-
docks may occur. These deep marshes may almost fill shallow lake basins,
potholes, limestone sinks and sloughs or they may border open water in
such depressions.

Inland Open Fresh Water

Shallow ponds and reservoirs are included in this type. Water is usually
less than 10 feet deep and is fringed by a border of emergent vegetation.
Vegetation mainly at water depths of Jess than six feet include pondweeds,
naiads, wild celery, coontail, watermilfoils, muskgrasses, waterlillies,
and spatterdocks.

Shrub Swamps

The soil is usually waterlogged during the growing season and is often

covered with as much as six inches of water. Vegetation includes alders
and willows.

Not found in Utah.

Inland Saline Flats

The soil is without standing water except after periods of heavy precip-
jtation but it is waterlogged within at least a few inches of the surface
during the orowing season. Vegetation often sparse or patchy, consists
of salt tolierant plants such as seablite, saltgiass, Nevada bullrush,
saltbush, and burrowweed.

Inland Saline Marshes

The s0il is usually waterlogged during the growing season and is often
covered with as much as two or three feet of water. This type occurs
mostly in shallow lake basins, Vegetation is mainly alkali or hardstem
bullrushes often widgongrass or sego pondweed in the openings.

Inland Open Saline Water

These more permanent areas of shallow saline water are often closely

associated with types 9 and 10. Depth of the water is variable.
Vegetation, mainly at water depths of less than six feet, includes
pondweeds and widgongrass.
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ABSTRACT

This CRSC report describes the procedures and results from an agricul tural
and wetland inventory of a portion of the Sevier River drainage basin ﬁf
central Utah. Transparent overlays depicting land cover characteristics were
prepared for 28 U.5.G.5. quadrangles through interpretation of 70 x 230 mm
Enviropod natural color and CIR aerial photographs. A table is also provided
which summarizes the acreage of each agricultral and wetland class by

guadrangle.
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INTRODUCTION

Scope of Project

The Sevier River Valley in central Utah is undergoing many dynamic
changes as natural resource development stimulates population growth. This
semiarid region is very dependent on wise and efficient budgeting of its
Timited water resources. Utah's Division of Water Resources (DWR) is charged
with monitoring and planning water use throughout the state. This requires
accurate and current data concerning land use, water demand, and water
supplies in order to effectively provide for the changing water needs in
agricultural, industrial, and municipal uses.

The objective of this project is to classify and map the agricultural
land and wetlands of the middle Sevier River Basin, encompassing the Sevier
Valley, Scipio, and Levan subareas, as shown in Figure 1. This project
involves: 1) interpretation of Targe scale color-infrared (CIR) and natural
color aerial photography; 2) preparing map overlays matching 1:24,000 U.S.G.5.
quadrangles; and 3) acreage tabulations for agricultural and wetland cover
types, for the subject year, 1983,

The main purpose of the project is to provide a basic inventory of
water-related land use for basin-wide water budgeting by the Division of
Water Resources. The coordinated mapping of wetlands and agricul tural
lands will also assist farmers, managers, and planners, as well as federal
and state agency personnel, in better understanding the hydrologic and
biological relationship between wetlands and farms. Such informatior will
promote more informed farm and ranch planning and assist agencies such as
the Soil Conservation Service in carrying out their responsibilities under
lTegislation and regulations which protect wetland environments. The

project also provides a basis for documenting changes in agricultural

S



bosans

R e L

- f=ve I_qs.?.__n__.u_._ -
P L) LI
e

t_\mn.._ .hw_._.

Y

Ay )
£t

S in d
ik i A7y

m,, iy _wﬁv

Ty f. o

{
e ._.._..

(.} &b
pﬁy ,,.,

%

"y
L]
B H_x_.,_h__
Mt

2

Figure 1, Sevier River Basin (Middle Portion) Study Area



land use since the last inventory, some 20 years ago. These base maps
are designed to accommodate easy updating and may be used for future

monitoring of water resources in the Sevier River Basin.

Final Products

The final products of the project are map overlays, acreage tab-
ulations, and this summary report:

1. Transparent map overlays delineating agricultural and wetland
cover types are printed on a clear diazo film at a scale of 1:24,000.
Each U.5.6.5. 7%-minute topographic quadrangle in the study area has
a scaled overlay map. Those areas which are now covered only by 15-
minute U.5.G.S. quadrangles were also mapped at a 7k-minute map scale.

2. Acreage figures for each agricultural and wetland category
were determined for each quadrangle. These tabulations are displayed in
this report.

3. This technical report contains a description of objectives,
study methods and procedures, the land cover classification scheme,
and a discussion of results of the investigation.

Study Area

The study area for this project contains approximately 2,500
square miles of land along the Sevier River drainage from Piute Reser-
voir to Sevier Canyon. In addition to the Sevier River Valley, the
project also includes the Scipio Valley drainage, parts of Juab Valley
(near Levan), and a portion of the lower San Pitch River drainage
(near Mayfield). Since the project focuses on irrigated farmland and
wetlands, those areas are mapped in detail on each quadrangle. The
bulk of the agricultural land is found surrounding the towns of Marys-

vale, Monroe, Richfield, Salina, Gunnison, Levan, and Scipio.



A1l of the wetlands and agricultural lands in the valley floor have

been inventoried, but mountain area wetlands are generally not included.

Twenty-eight U.S5.G.S. quadrangles in the study area containing agricul ture-

related or wetland cover types were inventoried and map overlays were

prepared,

The names of these quads are listed in Table 1. A map of the

study area with the locations of these quads is displayed as Figure 3.

Key to Land Cover Classification

Three general classes of land cover were identified in this study:

irrigated agricultural land; wetland environments; and other areas pertinent

to the study, such as dry farmed areas, reservoirs, and developed land

(Table 2).

The irrigated agricultural land cover types delineated in this study,

2s of the summer growing season of 1983, include:

C
G

Af

Corn. Including sweet corn or field corn cropped this year.(1983).
Wheat, barley, or oats. Grains cropped this year, including

fields where barley is used as a nurse crop for alfalfa.

Rlfalfa or hay grass. Mostly alfalfa (few fields may be grass that
is cut for fodder) either actively irrigated or flooded this year.
Irrigated pasture. Introduced or native grasses which are usually
irrigated to produce maximum forage for grazing livestock, could

be flood irrigated this year.

Idie irrigated land. Areas below the canal Tine that are not
irrigated this year. Some areas may have never been irrigated but
have the potential for agriculture.

Plowed or disked land. Irrigated areas that are presently plowed.
Fields could have been cropped previously this: year, or -may.be

disked for drying or preparing a seed base.
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Table 1.

Quadrangle #
in Figure 2.

List of U.5.G.S. Quadrangles for Which Agricultural
and Wetland Land Cover Map Overlays Have Seen Prepared,

Quadrangle Name

1
2

10
11
12
13
14

Sage Valley
Nephi SW

Nephi SE

Scipio North NE
Skinner Peaks
Scipio North SW

Scipio North SE

Hells Kitchen Cyn SW

Hells Kitchen Cyn SE

cipio Pass
Scipio South
Hayes Canyon
Gunnison

Sterling

Quadrangle #
in Figure 2.

Quadrangle Name

15
16
17
18
19
20
21
22
23
24
25
26
27
28

Scipio Lake
Redmond Canyon
Redmond
Mayfield
Aurora

Salina
Richfield
Sigurd
Elsinore
Annabella
Marysvale Canyon
Antelope Range
Marysvale

Piute Reservoir
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Table 2. Map Legend for Land Cover Classification
in the Sevier River Basin (Middle Portion)

Irrigated Agricultural Land

c
G
H
P
Ai

Ap

Wetland
Wr
Wp
Wm
W
Wf

Corn

Wheat, barley, or oats
Alfalfa or hay grass
Irrigated pasture

Idle irrigated land

Plowed or disked land

Environments

Riparian tree and shrub
Floodplain pasture and meadow
Wet meadow and shallow marsh
Deep marsh and open water

Recent floodplain deposits

Other Areas Mapped

D
U

Dry farm areas
Undifferentiated uplands
Farmstead and developed land

Reservoirs



A1l major irrigated agricultural fields within the study area have been
mapped. Miscellaneous household garden plots have not been separately mapped
due to their small size. Garden plots are generally included in the "farm-
stead” classification because of their close proximity to residential ;reas.

The next major land cover type identified fn this study concerns wet-
land environments. The wetland classification scheme was developed by
modifying both the U.S. Fish and Wildlife Service Circular 39 (Shaw and
Ferdine, 1956) and the more modern Cowardin system (Cowardin, et al., 1979).
These modifications were made in order to best describe wetland conditions
found in this specific study area. Table 3 presents a comparison of the
wetland cover types used in this study to the Circular 39 and Cowardin
systems. Summaries of the Circular 39 and Cowardin classification schemes
may be found in the appendix.

The wetland cover types delineated in the Sevier River drainage include:

Wr - Riparian tree and shrub. Phreatopytic vegetation such as cotton-
woods, box elders, and willows along stream channels. The ground
is not continuously saturated but may be seasonally flooded.
Usually has a deep water table.

Wp - Floodplain pasture and meadow- Innundated or waterlogged part of
the year, but usually well-drained during much of the growing
season. Although subirrigated rather than irrigated, this land is
often pastured and occasionally cut as wild hay.

Wm - Wet meadow and shallow marsh. Ground is waterlogged during most
of the growing season and may have shallow standing water. Some
areas are depressions or seep areas on frrigated lands or bordering

deep marshes. Often containing perennial grasses which may be cut

or pastured.
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W

- Deep marsh and open water. Covered with 6 inches to over 10 feet

of standing water during the growing season. Usually filled or
fringed with emergent hydrophytic vegetation. Includes oxbow

lakes, sloughs, shallow ponds, or lake basins.

Wf - Recent floodplain deposits. Seasonally or intermittently flooded

basins or flats which lTack extensive vegetative cover. Areas of
current or recent deposition such as mud flats, splays, overbank

deposits, point bars, etc.

The last group of land cover types contain miscellaneous categories

that do

not clearly fit as irrigated agricultural lands or wetlands, but

are still significant in terms of water planning. These cover types include:

D

Dry farmed areas. Could be actively dry farmed this year or in
fallow, but with no useable irrigation network in place.
Undifferentiated upland. Contains rangeland, brush, natural
grasses, pinyon juniper, wasteland, or land not otherwise classified.
Farmstead and developed land. Includes residential areas, farm
yards, transportation corridors, gravel pits, landfills, industrial
and commercial areas, and land otherwise developed.

Reservoirs. Ranging from large diked areas such as Sevier Bridge,

Piute, and Rocky Ford Reservoirs, to small irrigatfon holding ponds.

A reduced scale sample of a land cover overlay map showing polygonal

boundaries and labels is displayed as Figure 3.
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Portion of Agricultural and Wetland Land Cover Overlay

for the Redmond Quadrangle.

Figure 3.

L12.



METHODS

Information Gathering

Collection of land cover data was the first step in Study procedures.
This required the acquisition of various scales of aerial photography, maps,
and ground reference information. Orthophotoquads and U.5.G.5. topographic
quadrangles at a scale of 1:24,000 were ordered to use as a map base for
photo interpretation. The orthophotogquads were especially valuable for
delineating field boundaries and geographically referencing photo
observations.

In order to use 1983 as a base year for water use in the Sevier River
basin, it was necessary to obtain recent aerial photography. A portion of
the study area near Elsinore and Richfield had been flown early in the
summer (July 2) by CRSC using the Environmental Protection Agency's Enviropod
panoramic camera system for the purpose of assessing flood damage along the
Sevier River. This photography was useful for a preliminary assessment of
land cover types along the river and for choosing several ground training
sites that were representative of particular cover types. Since the imagery
was obtained early in the growing season, however, many crops were difficult
to distinguish.

Another mission was flown with the Enviropod camera on August 30, 1983
for the specific purpose of obtaining photography for use in determining
land cover conditions for this Study. The entire river valley in the study
area was vertically photographed at 5,000 feet using 70 x 230mm CIR film.
Concurrently, an obligue-angled camera was taking natural color photographs
of the same area. The nominal scale of the vertical CIR photos was approxi-

mately 1:19,000 and the oblique natural color photography was variably scaled.
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There were several gaps in the large scale photographic coverage of
the study area due to camera malfunctions and the limited field of view
available at such a low altitude. Land cover interpretation of these fringe
areas was aided by the use of smaller scale MRIR color-infrared photography
obtained from the Bureau of Land Management. The MRIR photography was flown
in July 1975 at a scale of 1:31,680. Updating of information from this
photography was primarily accomplished by field observations.

Two preliminary field sessions were spent in the Sevier River study
area in August and September of 1983. The purpose of these sessions was to
gather ground reference information about the characteristics of different
land covers. Many suitable training sites were selected representing
characteristic ground cover conditions throughout the study area. This
ground reference data was used to calibrate photo interpretation techniques
and allow interpolation of cover types during photo analysis. The land
cover information was recorded onto the orthophotoquads in order to geographi-

cally reference training sites.

Interpretation and Analysis

Photo interpreted data were delineated onto an orthophotoquad base
upon which ground reference information had previously been inscribed. Each
1:24,000 scale orthophotoguad was overlaid with 2 transparent mylar sheet.
As boundaries for land cover types were interpreted from the natural color
and CIR Enviropod photography, they were drawn in position onto the mylar
overlay. Using the orthophotoquad as a base allowed the interpreter to
geographically reference the imagery with the map through landmark identification.
Since the orthophotoquad has been photogrammetrically rectified, the land

cover delineatfons are drawn in correct planimetric position.
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Agricultural and wetland related land cover types were identified from
the photagraphy by analysis of color, texture, and patterns on the photo-
graphs, and through ancillary hydrologic, topographic, and field data. Land
cover types were inventoried only for the regions along the valley floor of
the study area. Isolated dry farms, wetlands, and developed areas in the
mountains that were not included in the photographic coverage of the basin
were omitted from the land cover maps.

Throughout a study area of this s5ize there is much diversity in cover
types, as well as great heterogeneity within single cover types. An example
of the latter is found with the idle irrigated land cover type (Ai) which
may range from dry natural grasses and shrubs that may never have been
cropped, to highly worked agricultural land which was flooded during the
planting season in an unusually wet year. Many ground cover types with
seemingly unsimilar characteristics are grouped into one land cover category.
The criteria for the “Ai" category require that the land be below the canal
Tine and not be too steep to make irrigation feasible. Much of the land has
never been irrigated, or has not been irrigated for decades, yet still shows
a potential for agricultural development.

The unusually wet conditions in 1983 created many difficulties in
interpreting land use and related water needs. Increased snowpack-derived
runoff and spring rains induced extensive flooding throughout the study area.
Many lands that are usually irrigated during the growing season were flooded
or subirrigated in the summer of 1933. This condition makes it especially
difficult to draw the 1ine between wetland environments and irrigated
agricultural land that is presently flooded. Information gleaned from the
orthophotoquads, MRIR photography from 1975, field observations, and
conversations with local residents proved quite helpful in alleviating

part of this problem.
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One area where the increased water presented a particular concern was
in differentiating between subirrigated wetland pastures and normally
irrigated pastures that happened to be flooded or waterlogged during the
spring of 1983. If irrigation facilities were in place surrounding the
fields, they were considered to be irrigated pasture (P) rather than flood-
plain pasture (Wp) whether or not they were actively irrigated during that
growing season. Earlier land cover maps and aerial photos also aided in
making a distinction between these categories.

Plowed fields presented another type of temporal problem. Using
“single-date"” photography it was impossible to determine whether a plowed
field had contained an irrigated crop earlier in the season or had been idle.
Often, the land was plowed to prepare a seed base or to aid in drying water-
logged ground near rivers. Since it was not known 1f a crop was planted or
harvested during the year, a separate classification symbol was assigned to
plowed land (Ap), even though in most cases the land was idle in 1983.

Another puzzling photo interpretation problem was solved through field
observation. It seems to be a common practice in the study region to plant
barley as a "nurse" crop for alfalfa. The mature grain is harvested during
the season, leaving a healthy start to the alfalfa, which will remain in the
field for several years to come. The texture and color of these fields are
difficult to interpret from the photographs, displaying a mixture of both
grain and hay. These particular fields were usually classified as grain
(G) since barley was the agricultural crop during that year. If the barley
had been harvested very early, allowing a fall cropping of alfalfa, the

fields were classified as hay (H).
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The category of farmsteads (F) became a mixture of miscellaneous land
covers within the study area that would not conveniently group into other
classes. Since the contents of this category are so diverse, the acreage
tabulations for farmsteads are not completely indicative of water use. This
land cover type incorporates nearly all of man's developments in the study
area that are not related to irrigated agriculture. While residential areas,
farmyards, livestock corrals, and major transportation corridors were
included in this category, many small areas, such as isolated roads, canals,
or individual buildings were not delineated. Most areas smaller than one
acre in size were not mapped.

During the air photo analysis stage each map was reinterpreted from the
photos two or three times. This made it possible to improve the definitions
of class categories and allow better calibration with ground reference data.
Field observations proved to be very valuable when used to assist in

delineation of land cover from aerial photographs.

Preparing Maps

Final land cover delineations were drafted from the base overlays with
black ink on a single matte drafting mylar. Alphabetic symbols were placed
on the drafted map by using specially developed press-on lettering. After
careful proof-reading and revisions of the maps, the drafted mylar sheets
were copied onto clear diazo film. These stable base diazo film copies may
be used to overlay standard U.S.G.5. 7% minute topographic quadrangles.
Registration of the land cover overlay and the U.5.G.S. quadrangle is
acheived by 1ining up the map borders. A legend explaining the land cover

symbolization is also attached to each final overlay map.
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Acreage calculations for each land cover type were tabulated by
quadrangle. This was accomplished by using a computerized digitizer and
software program specifically designed for area measurements. The sums
of the land cover categories were compared with the total delineated land
areas for each quadrangle and found to be within 99% accuracy. Table 4

contains a summary of cover type acreages per guadrangle.
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RESULTS

Acreage Totals

By far, the most abundant agricultural land cover type in the study
area was irrigated alfalfa ( and grass hay) symbolized (H), at 42,643.7
acres. OQOther irrigated agriculture land uses included grains (6), with
14,848.5 acres: corn (C) with 5,713.7 acres; and irrigated pasture (P)
covering 16,163.3 acres. Much of the agricultural land is presently
idle, with no irrigated crops this year. There are 27,957.9 acres of
land in the study area that fall into the idle irrigated land (Ai)
category. There are an additional 1,508.4 acres of land that were
plowed or disked (Ap), and generally assumed to be idle during the main
growing season.

Floodplain pastures and meadows (Wp) accounted for most of the
wetland areas in the Sevier River study area. Much of the 24,038.7
acres of subirrigated pastureland in this category is used for pastur-
ing livestock or cut for fodder. Wet meadows and shallow marshes (Wm)
cover 3,896.0 acres and deep marshed with open water (W) account for
1.261.5 acres within the study area. Mo running water surfaces were
delineated.

Bordering the stream channels and open water there are inter-
mittent phreatophytic trees and shrubs, such as cottonwoods, box elder,
and willows. Although the local water table along these natural levees
was too deep for it to be classified as hydrophytic vegetation, the
2,465.6 acres of riparian (Wr) habitat was still included into the
natural wetland environment due to its proximity to the water. In

several locations recent floodplain deposits (Wf) have nvertakeq or
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covered agricultural land. This was especially noticeable ‘during a wet
year, such as 1983. Further study might be pursued to evaluate agri-

cultural land Tost to flooding during 1983-1984. The total area delin-
eated as recent floodplain deposits in this study was 6,676.7 acres.

Farmsteads and other developed areas within the valleys of the
Sevier basin account for 13,034.9 acres. Dry farm areas, both in pro-
duction this year or in fallow, cover 26,228.0 acres. Water that is
contained in reservoirs covers a surface area of 7,299.6 acres, most
of which is attributable to the six major reservoirs in the area:
Sevier Bridge, Rocky Ford, Scipio Lake, Chicken Creek, Nine Mile, and
Willow Creek. There was no attempt made to determine acreages for
undifferentiated uplands as this environment was not included in the
objectives of the project,

The results of these acreage tabulations show the total irrigated
agricultural land that was in production in 1983 (alfalfa, grain, corn,
and irrigated pasture) amounted to 79,269.5 acres. This is 73% of a
potential irrigable land figure (adding idle and plowed land) of
108,835.5 acres. To determine the total land that is available for
agricultural production it is necessary to aggregate dryfarm areas
and floodplain pastures with the potential 1rrfgatéﬂ lands. This
shows a potential of 159,090.2 acres in tﬁe Sevier River (middle por-
tion study area) that may be put into agricultural use, excluding
Tivestock pens and family gardens that are incorporated into the farm-
stead land cover categories.

Evaluation of Procedures

The incorporation of Enviropod photography with an orthophotoquad
base has proven to be very successful in this study. The Enviropod
natural color and CIR aerial photographs were inexpensive to obtain

when compared to alternative imagery and were very high quality for



interpretation use when coupled with ground referenced data. The
orthophotoquads provided this reference base by displaying field
boundaries and landmarks situated in correct planimetric position.
Sample field observations prior to interpretation are very useful in
calibrating ground data with the photography.

With this base year (1983) inventory completed, overly maps
could be easily updated in order to detect changes in irrigated
acreages or dynamic wetland environments. The temporal frequency and
methods of updating land cover maps are yet to be determined. The
use of either Enviropod 70 mm or wing-mounted 35 mm aerial photo-
graphy must be considered as inexpensive options for documenting
changes in crop patterns.

By digitizing 1983 land cover delineations into an automated
georeferenced data base, temporal land use changes and acreage tab-
ulations may be evaluated more efficiently. Computer generated
change detection maps may be plotted to quickly update water use
coefficients for water budget planning. The automation of land
cover mapping should definitely be investigated as an option for
improving water modeling in the Sevier River drainage, as well as
other areas of the state. It would be moreefficient to have the
digitizing process for the above acreage determination placed dir-
ectly into the State's Automatic Geographic Referencing (AGR) system,

for all agencies and users to access.
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APPENDIX A.

The material is taken from "Classifi-
cation of Wetlands and Deepwater
Habitats of the United States" by
Cowardin, et al. (1979). Only infor-
mation regarding riverine, lacustrine,
and palustrine systems is included.

THE CLASSIFICATION SYSTEM

The structure of this classification is hierarchical,
progressing from systems end subsystems, at the
most general levels, to classes, subclasses, and domi-
nance types. Figurel illustrates the classification
structure to the class level. Table 1 lists the classes
and subclasses for each systern and gives an example
of & dominance type for each subclass. Artificial kevs
to the systems and classes are given in Appendix E.
Modifiers for water regime, water chemistry, and soils
are applied to classes, subclasses, and dominance
types. Special modifiers describe wetlands and deep-
water habitats that have been either created or highly
maodified by man or beavers.

Hierarchical Structure

Systems and Subsystems

The term SYSTEM refers here to 8 complex of
wetlands and deepwater habitats that share the
influence of similar hydroiogic, geomorphologic. chem-
jcal, or biological factors. We further subdivide
systems into more specific categories called
SUBSYSTEMS.

The characteristics of the five ‘major svstems—
Marine, Estuarine, Riverine, Lacustrine, and Palus-
trine—have been discussed at length in the scientific
literature and the concepls are well recognized: how-
ever, there is [requent disagreement as to which attri-
butes should be used to bound the systems in space.
For example, both the limit of tidel influence and the
limit of ocean-derived salinity have been proposed for

bounding the upstream end of the Estuarine System
{Caspers 1967). As Bormann and Likens (1969) pointed

out, boundaries of ecosystems are defined Lo meet
practical needs.

Riverine System

Definition. The Riverine System (Fig. 4) includes all
wellands and deepwater habitats contained within &
channel, with two exceptions: (1) wetlands dominated
by trees, shrubs, persistent emergents, emergent
mosses, or lichens, and (2) habitats with water con-
taining ocean-derived salts in excess of 0.5%=. A
channel is “an open conduit either naturally or arti-
ficially created which periodically or continuously
contains moving water, or which forms & connecting
link between two bodies of standing water™ (Langhein
and Iseri 1960:5).

Limits. The Riverine System is bounded on the land-
ward side by upland, by the channel bank (including
natural and man-made levees), or by wetland domi-
nated by trees, shrubs, persistent emergents,
emergent mosses, or lichens. In breided streams, the
system is bounded by the banks forming the outer
limits of the depression within which the braiding
oCCoura,

The Hiverine System terminates at the downstream
end where the concentration of ocean-derived salts in
the water exceeds 0.5%~ during the period of annual
average low flow, or where the channel enters a lake. It
terminates at the upstream end where tributary
streams originate, or where the channel leaves a lake.
Springs discharging into & channel are considered part
of the Riverine System.

Description. Water is usually, but not alweys,
flowing in the Riverine System. Upland islands or
Palustrine wetlands may occur in the channel, but
they are not included in the Riverine System. Palus-
trine Forested Wetlands, Emergent Woetlands,
Scrub-Shrub Wetlands, and Moss-Lichen Wetlands
may occur adjacent to the Riverine System, often on a
floodplain. Many biologists have suggested that all
the wetlands occurring on the river floodplain should
be a part of the Riverine System because they consider
their presence to be the result of miver flooding.
However, we concur with Reid and Wood (1976:72.84)
who stated. “The floodplain is a flat expanse of land
bordering an old river. ... Often the floodplain may

take the form of a very level plain occupied by the
present stream channel, and it may never, or only occa-
sionally. be Mlooded. . . . It is this subsurface water [the
ground water] that controls to a great extent the level
of lake surfaces, the flow of streams, and the extent of
swamps and marahes."”
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Fig. 4. Distinguishing features and examples of habitats in the Riverine System.

Subsystems. The Riverine System is divided into
four subsystems: the Tidal. the Lower Perennial, the
Upper Perenniel. and the Intermittent, Each is defined
in terms of water permanence, gradient, water veloe-
ity, substrate, and the extent of floodplain develop-
ment. The subsystems hsve characteristic flora and
fauna (see lllies and Botosaneau 1963: Hynes 1870;
Reid and Wood 1976). All four subsystems are not
necessarily present in all rivers, and the order of oecur-
rence may be other than that given below.

Tidal —The gradient is low and water veloeity flue-
tuates under tidal influence. The streambed is mainly
mud with occasional patches of sand, Oxygen deficits
may sometimes occur and the fauns is similar to that
in the Lower Perennial Subsystem. The Moodplain is
typically well developed.

Lower Perennial —The gradient is low and water
velocity is slow. There is no tidal influence, and some
water flows throughout the year. The substrate con-
sists mainly of sand and mud. Oxygen deficits may
somelimes occur, the fauna is composed mostly of
species Lhat reach their maximum sbundance in still
water, and true planktonic organisms are common.
The gradient is lower than that of the Upper Perennial
Subsystem and the floodplain is well developed.

Upper Perennial —The gradient is high and velocity
of the water fast. There is no tidal influence and some
water flows throughout the year. The substrate
consists of rock, cobbles, or gravel with occasional
patches of sand. The natural dissolved oxygen concen-
tration is normally near saturation. The fasuna is
characteristic of running water, and there are few or no
planktonic forms. The gradient is high compared with

that of the Lower Perennial Subsystem, and there is
very little floodplain development.

Intermirtent —In this subsystem, the channel con-
tains nontidal flowing water for only part of the year,
When the water is not flowing, it may remain in iso-
lated pools or surface water may be absent.

Classes. Rock Bottom, Unconsolidated Bottom,
Aguatic Hed., Streambed, Rocky Shore, Uncon-
solidated Shore, and Emergent Wetland (nonper-
sistent).

Lacustrine System

Definition, The Lacustrine System (Fig. §) includes
wetlands and deepwater habitats with all of the fol-
lowing characteristics: (1) situated in & topographic
depression or a dammed river channel; (2) lacking
trees, shrubs, persistent emergents, emergent moases
or lichens with grester than 30% areal coverage; and
(3] total ares exceeds 8 ha (20 acres). Similar wetland
and deepwater habitats totaling less than B ha are also
included in the Lacustrine System if an active wave
formed or bedrock shoreline feature makes up &ll or
part of the boundary, or if the watar depth in the deep-
est part of the basin exceeds 2m (6.6 feet) at low
water. Lacusatrine waters may be tidal or nontidal, but
ocean-derived salinity is always less than 0.5%w,

Limits. The Lacustrine System iz bounded by
upland or by wetland dominated by trees, shrubs, per-



Table 2. Salinity modifiers used in this classification system.

Approximate
specific

conductance

Coastal modifiers Inland modifierst Salinity (parts per thousand)  (uMhios at 25°C)
Hyperhaline Hypersaline > 40 = §0.000
Euhaline Eusaline 30.0-40 45.000-60.000
Mizohaline (brackish) Mixesalines 0.5-30 BOO-45.000
Polyhaline Polvealine 18.0-30 30.000-45.000
Mesohaline Mesosaline 50-18 B8.000-30,000
Ohigohaline Oligosaline 0.5-5 BOO- B,000
Fresh Freah < 0.5 < BOO

*Coastal modifiers are used in the Marine and Estuarine svstems,
Blnland modifiers are used in the Riverine. Lacustrine, snd Palustrine syslems.
®The term Brackish should not be used lor inland wetlands or deepwater habitats,

sistent emergents, emergent mosses, or lichens. Lacus-
trine systems formed by damming & river channel are
bounded by a contour approximating the normal spill-
way elevation or normal pool elevation, except where
Palustrine wetlands extend lakeward of that bound-
ary. Where a river enters a lake, the extension of the
Lacustrine shoreline forms the Riverine-Lacustrine
boundary.

Deeseription. The Lacustrine System includes perma-
nently flooded lakes and reservoirs (e.g., Lake Supe-
rior), intermittent lakes le.g.. playa lakes), and tidal
lakes with ocean-derived salinities below 0.5%e (e.g.,
Grand Lake, Louisiana). Typically, there are extensive
areas of deep water and there is considerable wave
action. lslands of Palustrine wetland may lie within
the boundaries of the Lacustrine System.

Subsystems,

Limnetic.—All deepwater habitats witkn the
Lacustrine System; many small Lacustrine systems
have no Limnetic Subsystem.

Littoral —All wetland habitats in the Lacustrine
System. Extends from the shoreward boundary of the
system to a depth of 2 m (6.6 feet) below low water or
to the maximum extent of nonpersistent emergents, if
these grow at depths greater than 2 m.

Classes. Rock Bottom, Unconsolidated Bottom,
Agquatic Bed, Rocky Shore. [Unconsolidated Shore, and
Emergent Wetland (nonpersistent),

Palustrine System

Definition. The Palustrine System (Fig. 6) includes
all nontidal wetlands dominated by trees, shrubs, per-
sistent emergents, emergent mosses or lichens, and all
such wetlands that eccur in tidal areas where salinity
due to ocean-derived salts is below 0.5%e. It also in-
cludes wetlands lacking such vegetation, but with all
of the following four characteristics: (1) area less than
Eha (20 acres); (2) active wave-lormed or bedrock
shoreline features lacking: (3) water depth in the deep-
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est part of basin less than 2 m at low water; and (4)
salinity due to ocean-derived salts less than 0.5% e,

Limits. The Palustrine System is bounded by upland
or by any of the other four systems.

Description. The Palustrine System was developed
Lo group the vegetated wetlands traditionally called
by such names as marsh, swamp, bog. fen, and prairie,
which are found throughout the United States. It also
includes the small, shallow, permanent or intermittent
water bodies often called ponds, Palustrine wetlands
meay be situated shoreward of lakes, river channels, or
estuaries; on river floodplains: in isolated catehments:
or on slopes. They may alzo occur as islands in lakes or
rivers. The erosive forces of wind and water are of
minor importance except during severe floods.

The emergent vegetation adjacent to rivers and
lakes is often referred to as “the shore zone” or the
“zone of emergent vegetation” (Reid and Wood 1976),
and is generally considered separately from the river
itself. As an example, Hynes (1970:85) wrote in rel-
erence Lo riverine habitats, *'We will not here consider
the long list of emergent plants which may occur along
the banks out of the current, as they do not belong,
strictly speaking, to the running water habitat.” There
are often great similarities between wetlands lying
adjacent to lakes or rivers and isolated wetlands of the
same class in basins without open water,

Subsystems. None.

Classes. Rock Bottom, Unconsolidsted Bottom,
Aquatic Bed. Unconsolidsted Shore. Moss-Lichen
Wetland, Emergent Wetland, Serub-Shrub Wetland,
and Forested Wetland.

Classes, Subclasses, and Dominance Types

The CLASS is the highest taxonomic unit below the
subsystem level. It describes the general appearance
of the habitat in terms of either the dominant life jorm
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Fig.5. Distinguishing features and examples of habitats in the Lacustrine System.

of the vegetation or the physiography and composilion
of the substrate—festures Lhat can be recognized
without the aid of detailed environmental measure
ments. Vegetation is used at two different levels ia the
classification. The life forms—trees, shrubs, emer-
Eenls, emergent mosses, and lichens—are used to
define classes because they are relatively easy to dis-
tinguish. do not change distribution rapidly, and have
traditionally been used as criteria for classification of
wetlands.' Other forms of vegetation, such as sub-
merged or floating-leaved rooted vascular plants, free
floating wvascular plants, submergent moases, and

*Our initia] sttempts to use familiar terms such as marsh,
swamp. bog, and mesdow st the class level were unsuc-
eexsful primarily because of wide discrepancies in Lhe use of
these terms in various regions of the United States. Inan
effort to resalve that difficulty, we based the classes on the
fundamenial components (life form. water regime. substrale
type, waler chemistry| that grive rise tn such Lerms. We
believe Lhat this approach will greatly reduce the misunder-
standings and confusion that result from Lhe use nf Lhe -
milior terms,

algae, though frequently more difficult to detect, are
used to define the class Aquatic Bed. Pioneer species
that briefly invade wetlands when conditions are
favorable are treated at the subclass level because
they are transient and often not true wetland species.
Use of life forms at the class level has two major
advantages: (1) extensive biological knowledge is not
required to distinguish between various life forms, and
(2} it has been established that various life forms are
easily recognizable on » great variety of remote
sensing products (e.g., Radforth 1962; Anderson et al.
1976). 1f vegetation (except pioneer species| covers
30% or more of the substrate, we distinguish classes
on the basis of the life formn of the plants that con-
stitute the uppermost layer of vegetation and that
possess &n areal coverage 30% or greater. For
example, an ares with 50% areal coverage of trees over
a shrub layer with a 60% areal coverage would be
classified ss Forested Wetland: an area with 20% areal
coverage of trees over the same [60%) shrub layer
would be classified a3 Scrub-Shrub Wetland. When
Lrees or shrubs alone cover less than 30% of an area
but in combination cover 30% or more, the wetland is




{FPLAND FALUSTRINE

T ] — e

UPLAND PALUSTRINE

H
I-‘----.-——-—I: -——.._.--a---
=
-]
- =
g o En oz
X z - = [ TR T
n o« n < E
@ = | w2 —_
E Y g w z oz
(1)
o “ ¥ o w
o &
i
=
w

UPLAND

& TEMPORARILY FLOODED
b SEASOMALLY FLOODED
¢ SEMIPERMANENTLY FLOODED
d WTERMITTENTLY EXPOSED

& PERMANENTLY FLOODED

| BATURATED

PALUSTRINE LPLAND
e e — -._—.—._|_.——-
-:-l---l-l--l-ll = i—l--ln n—!—
E L | T
] - =] LEE
W w |
o | <« L nil== = F
Ez EE il o | oW W
"< g~ 2 3z P
L B o EEes
S w o = o T
E =2 =2 W | w T o
o o E ms o ) RE
il e E Ez g i -
L ¥ H o
- Ll L rJ - * 7
3

AYERAGE Nl1£.|
LOW WATER

Fig. 6. Distinguishing features and examples of habitats in the Palustrine System,

assigned Lo the class Scrub-Shrub. When trees and
shrubs cover less than 30% of the area but the total
cover of vegetation (except pioneer spacies) is 30% or
greater, the wetland is assigned to the appropriete
class for the predominant life form below the shrub
layer. Finer differences in life forms are recognized at
the sUBCLASS level For example, Forested Wetland is
divided into the subclassss Broad-leaved Deciduous,
Needle-leaved Deriduous, Broad-leaved Evergreen,
Needie-leaved Evergreen, and Dead Subclasses are
named on the basis of the predominant life form.

If vegetation covers less than 30% of the substrate,
the physiography and composition of the substrate are
the principal characteristics used to distinguish
classes. The nature of the substrate reflects regional
and local variations in geology and the influence of
wind, waves, and currents on erosion and deposition of
substrate materials. Bottoms, Shores, and Stream-
beds mre separated on the basis of duration of inun-
dation. In the Riverine. Lacustrine, and Palustrine
svstems. Bottoms are submerged all or most of the
time. whereas Streambeds and Shores are exposed all
or most of the time. In the Marine and Estusrine
systems, Bottoms are subtidal whereas Streambeds

A-5

and Shores are intertidal. Bottoms, Shores, and
Streambeds are further divided at the class level on
the basis of the important characteristic of rock versus
unconsolidsted subsirate. Subclasses are based on
finer distinctions in substrate material unless, as with
Streambeds and Shores, the substrate is covered by,
or shaded by, an serial coverage of pioneering vasculsr
plants (often nonhydrophytes) of 30% or more: the
subclass is then simply vegetated. Further detail as to
the type of vegetation must be obtained at the level of
dominance type. Reefs are = unique class in which the
substrate itself is composed primarily of living mnd
dead animals. Subclasses of Reefs are designated on
the basis of the type of organism that formed the reef.
The DOMINANCE TYPE is the taxonomic category
subordinate to subclass, Dominance types are deLer-
mined on the basis of dominant plant species le.g.,
Jeglum et al. 1874), dominant sedentary or sessile
animal species {e.g.. Thorson 1957). or dominant plant
and animal species le.g.. Stephenson and Stephenson
1872). A dominant plant species has traditionally
meant one that hss control over the community
{Weaver and Clements 1938:91), and this plant is also
usually the predominant species (Cain and Castro



1959:28). When the subclass is based on life form, we
name Lhe dominance type for the dominant species or
combination of species (codominants) in the same laver
of vegetation used to determine the subclass*® For
example, a Needlie-leaved Evergreen Forested Wetland
with 70% areal cover of black spruce and 30% areal
cover of tamarack (Larix laricing) would be designated
83 &8 Picea maniana Dominance Type. When the rela-
tive sbundance of codominant species is nearly equal,
the dominance Lype consists of a combination of
species names. For example, an Emergent Wetland
with about equal areal cover of common cattail (Typha
latifolia) and hardstem bulrush (Scirpus acutus) would
be designated as Typha lotifolio=-Scirpus geutus Domi-
nance Type.

When the subclass is based on substrate material,
the dominance type is named for the predominant
plant or sedentary or sessile macroinvertebrate
species, without regard for life form. In the Marine and
Estuarine systems, sponges, alcyonarians, mollusks,
crustaceans, worms, ascidians, and echinoderms may
all be part of the community represented by the
Macoma balthica Dominance Type. Sometimes it is
necessary to designate two or more codominant
species as a dominance type. Thorson (1957) recom-
mended guidelines and suggested definitions for estab
Lshing community types and dominants on level
bottoms. .

Unconsolidated Bottom

Definition. The class Unconsolidated Bottom in-
cludes all wetland and deepwater habitats with at least
25% cover of particles smaller than stones, and a vege
Lative cover less than 30%. Water regimes are re
stricted to subtidal, permanently flooded, intermit-
tently exposed, and semipermanently flooded.

Description. Unconsolidated Bottoms are charac-
terized by the lack of largs stable surfaces for plant
and animal attachment. They are usually found in
areas with lower energy than Rock Bottoms, and may
be very unstable. Exposure to wave and current ac-
tion, temperature, salinity, and light penetration
determine the composition and distribution of
organisms.

Most macroalge attach to the substrate by means
of basal hold-fast cells or discs: in sand and mud, how-

ever, algae penetrate the substrate and higher plants
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can successiully root if wave action and currents are
not Loo strong. Most animals in unconsolidated sed;-
ments live within the substrate, e.g.. Macoma and the
smphipod Melita. Same, such as the polychaete worm
Chaetopterus. maintsin permanent burrows, and
others may live on the surface. especially in coarse-
Erained sediments.

In the Marine and Zstuarine systems, Uncon-
solidated Bottom communities are relatively stable.
They vary from the Aretic to the tropics, depending
largely on temperature, and from the open ocean Lo the
upper end of the estuary, depending on salinity.
Thorson (1957) summarized snd described charac-
Leristic types of level bottom communities in detail.

In the Riverine System, the substrate typeis largely
determined by current velocity, and plants and
animals exhibit a high degree of morphologic and behs-
vioral adaptation to flowing water. Certain species are
confined to specific substrates and some are at least
more abundant in one type of substrate than in others,
According to Hynes (1970:208), ""The larger the
tones, and hence the more complex the substratum,
the more diverse is Lhe invertebrate fauna. ™ In Lacus-
trine and Palustrine systems, there is usually a high
correlation, within a given water body, between the
nature of the substrate and the number of species and
individuals. For example. in the profundal bottom of
eutrophic lakes where light is absent. OXYgen content
is low, and carbon dioxide concentration js high, the
sediments are oozelike organic materials and species
diversity is low. Each substrate type typically sup-
ports a relatively distinct community of organisms
(Reid and Wood 1976:262).

Emergent Wetland

Definition. The Emergent Wetland class is charsc.
terized by erect, rooted, herbaceous hydrophytes,
excluding mosses and lichens. This vegelation is
present for most of the growing season in most yearg,
These wetlands sre usually dominated by perennial
plants. All water regimes are included except subtida]
and irregularly exposed.

Description, In areas with relatively stable climatic
conditions, Emergent Wetlande maintain the same
appearance year afier year. In other areas, such as the
prairies of the central United States, violent climatic
fluctuations cause them Lo revert Lo AN Open watler
phase in some years (Stewart and Kantrud 1977,
Emergent Wetlands are found throughout the United
States and occur in all systems excepl the Marine.
Emergent Wetlands are known by many names, in.
cluding marsh, meadow, fen. prairie pothole, and
slough. Areas that are dominated by pioneer plants
that become established during periods of low water
are nol Emergent Wetlonds and should be classified as
Vegetated Unconsolidated Shores or Vegetated
Streambeds,
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Subclasses and Dominance Types.

Persistent —Persistent Emergent Wetlands are
dominated by species Lhal normally remain standing
at least until the beginning of the next prowing season.
This subclass is found only in the Estuarine and Palus-
Lrine systems.

Persistent Emergent Wetlands dominated by salt-
marsh cordgrass (Spariina alrernifiura), saltmeadow
cordgrass (S. patens), big cordgrass (5. cvnosuroides],
needlerush Uuncus roemerionus), narrow-leaved cat-
teil (Typha angustifvlia), and southern wild rice (Zi-
zaniopsis miliscea) are major components of the
Estuarine Systems of the Atlantic and Gulf coasts of
the United States. On the Pacific Coast. common
pickleweed (Salicornia virginica), sen blite (Suceda cali-
fornica). arrow grass (Triglockin maritima), and Cali-
fornia cordgrass (Spartina foliosa) are commen domi-
nents,

Palustrine Persistent Emergent Wetlands contain a
vasL array of grasslike plants such as catiajls (Typha
spp.), bulrushes (Scirpus spp.), saw grass (Cladium
Jjamaicense|, sedges (Carex spp.): and trye grasses such
ax reed (Phrogmites communis), manna grasses (Gly-
crnn spp.), slough grass (Beckmannia syzigachne), snd
whiletop (Scolochloc festucacea). There is alsp &
variety of broad-leaved persistent emergents such as
purple loosestrife (Lythrum salicaria), dock (Rumex
mexicanus), waterwillow (Decodon verticillatus), and
many species of smartweeds (Polvgonum).

Nenpersistent. —Wetlands in this subclass are
dominated by plants which fall to the surface of the
substrate or below the surface of the water at the end
of the growing season so that, at certain seasons of the
year, there is no obvious sign of emergent vegetation,
For example. wild rice (Zirania aguatical does not
become apparent in the North Central States until
midsummer and (all, when jt may form dense emergent
stands. Nonpersistent emergents also include species
such as arrow arum (Peltandra virginica), pickerelwesd
(Pontederia cordata), and arrowheads (Sagittaria spp.).
Movement of ice in Estuarine, Riverine, and Lacus-
trine systems often removes all traces of emergent
vegetation during the winter. Where this occurs, the
sres should be classified as Nonpersistent Emergent
Wetland.

Scrub-Shrub Wetland

Definition. The class Scrub-Shrub Wetland includes
areas dominated by woody vegelation less than 6 m
(20 leet} tall. The specics include true shrubs. young
trees, and trees or shrubs that are small or stunted
because of environmental conditions., All water
regimes except subtidal are included.

Description. Scrub-Shrub Wetlands may represent
& successional siage leading to Forested Wetland, or
they may be relatively stable communities. They occur
only in the Estuarine and Palustrine systems, bul are
one of the most widespread classes in the United
States (Shew and Fredine 1956). Scrub-Shrub Wet-
lands are known by many names. such as shrub swamp
{Shaw and Fredine 1956). shrub carr (Curtis 1859, bog
[Heinselman 1970). and pocosin (Kologiski 1977). For
practical reasons we have also included forests com-
posed of voung trees less than 6 m tall.

Modifiers

To fully describe wetlands and deepwater habitats,
one must apply certain modifiers at the class level and
at lower levels in the classification hierarchy. The
modifiers described below were edapled from existing
classifications or were developed specifically for this
system.

Special Modifiers

Many wetlands and deepwater habitats are man-
made, and natural ones have been modified to some
degree by the activities of man or beavers. Since the
oature of these modifications often greatly influences
the character of such habitats, specisl modifying
terms have been included here to emphasize their
importance. The following modifiers should be used
singly or in combinstion wherever they apply to
wetlands and deepwater habitats,

Farmad

The soil surface has been mechanically or physically
altered for production of crops, but hydrophytes will
become reestablished if farming is discontinued.

Diked
Created or modified by & man-made barrier or dike
designed to obstruct the inflow of water,



Relationship to Other
Wetland Classifications

There are numerous wetland classifications in use in
the United States. Here we relate this system to three
published classifications that have gained widespread
scceptance. [t is not possible to equate these systems
directly for several reasons: (1) The criteria selected for
establishing categories differ; (2) some of the classifi-
cations are not applied consistently in different parts
of the country: and {3) the elements classified are not
the same in various classifications,

The most widely used classification system in the
United States is that of Martin et al. {1953) which was
republished in U. S. Fish and Wildlife Service Circular
39 (Shaw and Fredine 1956). The wetland types are
based on eriteria such as water depth and permanence,
water chemistry, life [orm of vegetation, and dominant
plant species. In Table 4 we compare some of the major
components of pur system with the type descriptions
listed in Circular 39

In response to the need for more detailed wetland
classification in the glaciated Northeast, Golet and
Larson (1874) refined the freshwater wetland types of
Circular 39 by writing more detailed descriptions and
subdividing classes on the basis of finer differences in
plant life forms. Golet and Larson’s classes are
roughly equivalent to Types 1-B of Circular 38, except
that they restricted Type 1 to river [locdplains, The

Golet and Larson system does not recognire the
coasta) (tidal) fresh wetlands of Circular 59 (Types 12-
14] a5 & separate category, but classifies these areas in
the same manner as nontidal wetlands. In addition to
devising 24 subclasses, they also created 5 size cate
gories, 6 site types giving a wetland's hydrologic and
topographic location; B cover types (modified from
Stewart and Kantrud 1871) expressing the distri-
bution and relative proportionz of cover and water; 3
vegetative interspersion types: and € surrounding
habitat types. Since this system is based on the classes
of Martin et al. (1953), Table 4 may also be used to
compare the Golet and Larson system with the one
described here. Although our system does not include
size categories and site types, this information will be
available from the results of the new inventory of
wetlands and deepwater habitats of the United States.



Table 4. Comparison of wetland types described in [J S Fizh nm'f H’u’l‘di’t_-“e Service Circular 39 with some of the

Classification of wetlsnds and deepwater habitats

Water
Circulor 39 type. and references for examples of Lypical vegetation Classes Water regimes chemistry
Type | —Seasonally Mooded basins or flsts £
Wel meadow (Dix and Smeins 1967; Stewart and Emergent Wetland Temporarily Flooded  Fresh
Kantrud 1972 Forested Wetland Intermittently Mixosaline
Botlomland hardwoods (Braun 1950) Flooded
Shallow-Ireshwater swamps (Penfound 1952)
Type 2—Inland fresh meadows
Fen {Heinselman 1963 Emergent Wetland  Saturated Fresh
Fen, northern sedge meadow (Curtis 1959) Mixosaline
Type 3—Inland shallow fresh marshes
Shallow marsh (Stewart and Kantrud 1972 Golet and Emergent Wetland Semipermanently Fresh
Larson 1974) E Flooded Mixosaline
Seszsonslly Flooded
Type 4—Inland deep fresh marshes
Deep marsh |Stewart and Kantrud 1972 Golet and Emergent Wetland  Permanently Flooded Fresh
Larson 1974) Agualic Bed Intermittently Mixosaline
Exposed
Semipermanently
Flooded
Type 5—Inland open fresh water
Open water (Golet and Larson 1974) Aquatic Bed Permanently Flooded Fresh
Submerged aquatic [Curtis 1959) Unconsolidated Intermitiently Mixosaline
Bottom Exposed
Type 6—Shrub swamps
Shrub swamp (Golet and Larson 1974 Serub-Shrub All nontidal regimes Fresh
Shrub-carr, alder thicket (Curtis 1959 Wetland except Permanently
Flooded
Type T—Wooded swamps
Wooded swamp (Golet and Larson 1974 Forested Wetland All nontidalregimes  Fresh
Swamps (Penfound 1952: Heinselman 1563) except Permanently
Flooded
Type B—Bogs
Bog {Dansereau and Segadas-vianns 1952; Heinselman 19631 Serub-Shrub Saturated Fresh
Pocosin (Penfound 1952: Kologiski 1977) Wetland lscid only)
Forested Wetland
Moss-Lichen
Wetland
Type 8—Inland saline Mats
Intermitient alkali rone (Stewart and Kantrud 1972} Unconsolidated Sexsonally Flooded Eusaline
Shore Intermittently Hypersaline
Flooded
Temporarily Flooded
Type 10—Inland saline marshes
Inland salt marshes (Ungar 1974) Emergent Wetland  Sessonally Flooded  Eugaline
Semipermanently
Flooded
Type 11—Inland open saline water
Inland saline lake community (Ungar 1974) Unconsolidated Permanently Flooded Eusaline
Bottom Intermittently
Flooded
Type 12—Coastal shallow Iresh marshes
Marsh (Anderson et al. 1968 Emergent Wetland  Regularly Flooded Mixohaline
Esiuarine bay marshes, estuarine river marshes Irregularly Flooded  Fresh
{Stewart 1862) Semipermanently
Freshand intermediate marshes (Chabreck 1972) Fiooded-Tidal



APPENDIX B

Circular 39 Wetland Classification System Definitions of Type 1-11 Wetlands

A. Wetlands

1. Seasonally Flooded Basins or Flats

The soil is covered with water or is water logged during variable
seasonal periods, but usually is well drained during much of the grow-
ing season. This type is found both in upland depressions and in
overflow bottom lands; along river courses, flooding occurs in late
fall, winter, or spring. In the uplands, basins or flats may be
filled with water during periods of heavy rains or melting snow.
Vegetation varies greatly according to the season and the duration of
flooding. Where the water has receeded early in the growing season,
smartweeds, wild millet, fall panicum, tealgrass, and weeds, such as
marsh elder, ragweed, and cockleburs are likely to occur. Shallow
basins that are submerged only very temporarily usually develop little
or no wetland vegetation.

2. Inland Fresh Meadows

The soil is without standing water during most of growing season but is
waterlogged within at least a few inches of the surface. Vegetation
includes grasses, sedges, rushes, and various broadleaf plants.
Representative plants are carex, brushes, redtop, reedgrasses, mana-
grasses, prairie cordgrass, and mints. Meadows may fill shallow lake
depressions, sloughs or farmland sags, or these meadows may border
shallow marshes on the landward side. Wild hay is often cut from such
areas.

3. Inland Shallow Fresh Marshes

The soil is usually waterlogged during the growing season. Often, it is
covered by as much as six inches or more of water. Vegetation includes
grasses, bullrushes, spikerushes, or other various marsh plants such as
cattails, arrowheads, and smartweeds. These marshes may nearly fi1l
shallow lake basins or sloughs or they may border deep marshes on the
landward side. They are also common as seep areas on irrigated lands.
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10.

11.

Inland Deep Fresh Marshes

The soil is covered with six inches to three feet or more of water

during the growing season. Vegetation includes cattails, bullrushes,
reeds, spikerrushes, and wildrice. In open areas, pondweeds, naiads,
coontail, watermilfoils, waterweeds, duckweeds, waterlilies or spatter-
docks may occur. These deep marshes may almost fill shallow lake basins,
potholes, limestone sinks and sloughs or they may border open water in
such depressions.

Inland Open Fresh Water

Shallow ponds and reservoirs are included in this type. Water is usually
Tess than 10 feet deep and is fringed by a border of emergent vegetation.

Vegetation mainly at water depths of less than six feet include pondweeds,
naiads, wild celery, coontail, watermilfoils, muskgrasses, waterlillies,
and spatterdocks.

Shrub Swamps

The soil is usually waterlogged during the growing season and is often
covered with as much as six inches of water. Vegetation includes alders
and willows.

Not found in Utah.

Inland Saline Flats

The soil is without standing water except after periods of heavy precip-
itation but it is waterlogged within at least a few inches of the surface
during the growing season. Vegetation often sparse or patchy, consists
of salt tollerant plants such as seablite, saltgrass, Nevada bullrush,
saltbush, and burrowweed.

Inland Saline Marshes

The soil is usually waterlogged during the growing season and is often
covered with as much as two or three feet of water. This type occurs
mostly in shallow lake basins. Vegetation is mainly alkali or hardstem
bullrushes often widgongrass or sego pondweed in the openings.

Inland Open Saline Water

These more permanent areas of shallow saline water are often closely
associated with types S and 10. Depth of the water is variable.
Vegetation, mainly at water depths of Tess than six feet, includes
pondweeds and widgongrass.
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