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This volume contains the Appendices to the EODMS Final Report. A major

el segment of this project involved information gathering and compilation. It
% was necessary to make wide-ranging background studies, via literature review

and interviews, of the current situation vis a vis state-level remote sens-

g

ing data use. Some of these studies were:

%; e 1) The current data needs and data management practices in state
agencies (e.g. data acquired, reason for frequency of acquisi-
tion, level of detail, format, task and subtask, etc.)

2) Current experiments and operational programs producing informa-
= tion products from remote sensing (costs, accuracy, timeliness,
steps taken, etc.)

;
;

b
i
i

.. 3) Methods for estimating image processing costé and times.

B 4) Previous system analyses.

- 5) Legal constraints on remote sensing data use.

e i AT

'6) Current computerized geographic information systems.
The results of these data-gathering studies ave presented in these Ap-
" pendfces. They form the foundation for the analyses of the project.

- The appendices also have their own set of references which appear at the |
end of the appendix volume. With this section the Appendices constitute a

supplement to the major text of the report.
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APPENDIX A. DATA BASE OF USER NEEDS
IN THE FIVE STATE REGION

A.1 THE DATA NEEDS SURVEY

As a prelude to conceptualizing alternative EODMS systems which
might effectively meet the needs of state and Tocal agencies in the
five state study region, we developed a data base of information on
agencies' current operations. We gathered information on the tasks
agéncies perform, the roles of these tasks in decision-making, the fre-

quency. with which tasks are performed, and the priorities among tasks.

. We identified those data used in performing specific tasks, their char-

acteristics, how they were processed and from what sources they were
derived. Thus, our data base represents actual needs according to
agencies' current practices. It is not what is often referred to as

é “wish 1ist", since we have included only data items actually used or
required to meet current responsibilities, whether actually used or not.

The EODMS team worked closely with representatives from agencies in

the five state study region responsible for the management and develop-

ment of the states' renewable and nonrenewable resources, for trans-
portation planning and development, for state and regional planning
and for environmental protection. The full Tist of agencies involved
in this process is included in Table A-1.A list of all the visits be-
tween agency officials and EODMS staff can be found in Appendix 1 of
our Preliminary Needs Analysis Report. (A-1) Activities of agencies
were organized into categories of task and subtask wherever possible.
For each task, information was sought on the items listed in Table

A-2. This was done through an interactive process of searching the
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Table A-1: State, Regional and Local Agencies Visited

Illinois

Dept. of Agriculture

 Dept. of Conservation

Division of Forestry

Environmental Protection Agency
Division of Water Pollution
Control -
Division of Air Pollution
Control

Dept. of Local Governmental
Affairs
Office of Research and Planning

Dept. of Mines and Minerals
Division of Land Reclamation

Dept. of Transportation

Southwestern I1linois Metropolitan
Planning Commission
Towa
Towa Conservation Commission
Forestry Section

Dept. of Environmental Quality
Division of Air Quality
Management .
Division of Water Quality
Management
Solid Waste Division

Geological Survey
Remote Sensing Laboratory

Minnesota

Dept. of Natural Resources
Division of Land and Forestry

State Planning Agency
Division of Environmental
Planning ‘

Geological Survey
Twin Cities Metropolitan Council
Missouri

Office of Administration
Division of State Planning and
Budget

Dept. of Agriculture

Missouri (continued)

Dept. of Conservation
Division of Fisheries
Division of Forestry
Division of Wildlife

East-West Gateway Coordinating
Council (St. Louis Region)

Highway Department

Mid-America Regional Council
(Kansas City Region)

Dept. of Natural Resources
Division of Environmental
Quality '
Air Conservation Commission
Solid Waste Management Program
Water Quality Program
Soil and Water Conservation
Program
Land Reclamation Program
Division of Parks and Recresation
Division of Policy Planning
and Development
Geological Survey

- St. Louis County Air Pollution

~ Control Division
St. Louis County Planning Depariment

South-East Missouri Regional
Planning Commission

. Dept. of Transportation

Dept. of Consumers Affairs,

Registration, and Licensing

- Division of Commerce and
Industrial Development

Wisconsin
Dept. of Natural Resources

Division of Environmental
Protection
sBureau of Air Pollution and
Solid Waste Management
Bureau of Water Quality
Division of Forestry, Wildlife
and Recreation
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Table A-2: Information Sought
From Agencies :

I. Task Statement

1I.

III.

Task Description:

a.

b

c.
d,

e.

f.

Role, or Relative Importance, of Task Outputs in Decision Making:

a.

b.

C.

d.

Frequency of occurrence
Agency initiating
Reasons for initiating
Agency performing |
Process and methodology for performing task
i1. data used
ii. data sources
ifi. data format
iv. data processing
v. time constraints

vi. final product(s)

vii. dissemination process

viii. accuracy achieved (data quality)

Priority assigned or imputed by agency(s)

Final Users

.Decisions to be made

Accuracy required for decision purposes

Timeliness required for decision purposes
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literature and agency documents, interviewing agency representatives,
drafting visit reports for review and comment by agency personnel,
and revising these reports accordingly.

The major difficulties encountered in assessing the tasks and
data needs of agencies were in specifying acceptable delay times between
requests for data and their receipt, and data accuracies required. These
ére important considerations in designing data management systems. Thus,

when agency representatives could not provide the detailed responses

' Sought, we developed our own estimates based on our understanding of

their needs.
Although we studied the data needs of ag:acies in all five states of

the study region, Missouri agencies were studied in greatest detail. |

Early in 1975, the Missouri Inter-Departmental Council on Natural Re-

sources Information facilitated our work by encouraging agency coopera-

- tion and by identifying and introducing us to agency representatives.

This cooperative effort with Missouri agencies culminated in the pre-

paraiion of an EODMS project report, Natural Resources Data Requirements

Inventory: Missouri, (A-2) which was compieted in October, 1975. That

report represents the most comprehensive data base developed for any

of the five states in the study region. It was subsequently used as

a point of departure for discussion with some agencies in the other four
states.
The data information needs of agencies in the five state study

region are portrayed in the tables of the next section. Data needs of

-agricultural agencies are presented first, followed by environmental

’protection, fisheries, forestry, geology, minerai resources, land

reclamation, land use, transportation, water resources, and wildlife

agencies. Occasionally, as in'iand reclamation, there are so many data
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items per task that we had to use successive pages to list them all.

As an example of how to read the tables, consider the data item
"stand composition" on page 21. This data item is used by state divi-
sions or departments of forestry in the performance of nine subtasks of
the major activity of forest management. These subtasks are: perform
fdrest inventory, monitor reforestation, improve private forests, deter-
mine the need for timber stand improvement, monitor forest}conversions,
disease and pest detection, determine fire potentiaT, fire detection and
fighting, and fire damage survey. These data are produced in cooperation
with the U.S. Forest Service; both agencies contribute manpower and
finances. Formats are maps and statistical tables. The most commonly
uged or preferred map scale is 1:24009 although other scales are not
uﬁcommon, as noted. The different scales are used by various agenciesk
at different times, depending on avéi]abi]ity and other factors.

This data base is a refined and corrected version of the data

bases disp]ayéd in two previous projeci reports: Natural Resources Data

Requirements Inventory: Missouri, September 1972, (A-2) and Preliminary

Needs Analysis Report, December 1975, (A-1). It represents the foundation
for the analysis in Chapter 3 of this reﬁort wherein we screened each

data item for the applicability of remote sensing to its production,
aggregated the data needs across application areas, identified important -

information products for conveying these data to agencies and analyzed

- the implications of these products for EODMS system design.

This data base was developed to provide a foundation for conceptu-
alizing alternative earth observation data management systems designs.
However, state and regional agencies concerned with designing natural

resources data base managément systems as well as agencies concerned
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- with natural resources management and planning will Tikely find it a

useful product. In fact, for the Interdepartmental Council on Nétura]
Resources Information in Missouri it has proven to be a very valuable

foundation document.
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A.2 AGRICULTURE

Some data items in the tables are not se]f-explanatory. For the

réaders' copvenience, these are defined here:

1.

Re1ati€e\ch§tion - the location of bhé'field in re]gtiOn‘to other

fields.

Single or Double Crop - refers to whether only one crop or two

crops, e.g., corn and soybeans are grown in the same field in the

same year.

'Physiologica1 Tolerance - denotes the type and intensity of weather,

pests, and chemical damage a specific crop variety can withstand.
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Table A-3: Data Needs in Agriculture by

D

Subtasks and Data Characteristics

Yife

T [+
. &
> .
I E &

g | B 2 5 . u

(&3 = =

g 5 g @ 8 8 i

[ o > § w a eq o

] I~ - .| bl O o b @

= £ W g g | & & o g

) ] &% oA e > v w z o

8 ] tH g I 5 5 ] £y =

Subtask and S a o ] & @ ’;‘ @ e

Characteristics < w « - © d ¢
Distinguish Irrigated/ '

Ron-Irrigated Lands X X
Distinguish Agricul-

tural/ton-Agricul tu-

ral Lands X X
Dictinguish Cultivated

furested and Grazing

Lands X X
Distinguish Fallow/

Producing Lands X X 4 X X
ldentify Field Crops X X X X
ldentify Tree Crops X X X
Determine Stage of

Haturity X X X X
Determine Planting

Date X X X
Determine Harvest

Date X X X
betennine Moisture

Status X R X
Estimate Flood Damage X X Sy X
Estimate Hai) Damage x X X
Estimate Wind Damage X X X X
Estimate Drought/Frost

Damage X X X X
Estinete Disease and

Pest Damage X . X X X
Estimate Chemical

Damage X X X " X
Perform Livestock

Inventory X
Identify Grassland

Veyctation x/ X
Petérmine Grassland ‘

Vigor X X
Perforn Grassland

Nildlife Inventory - X
Current Source SRS Surveysi5RS Survey;| SRS; SRS 3 snsgurqu;SRS Surveyy SRS Surveyi|in-house {in-house

in-house jin-louse in-house |in-house {in-house }in-liouse [in-house
Format table; table, table table table table table text text
. nap hap ,
Scale 1:125,000 {1:125,000 -—- e - . - —— .=
Resolution , . .- - — - . .- -
Frequency of Update seasonally [scasonally | scasonally| Semi- seasondllyiseveral | [svasonal seasonal
annual tipes a
) season
Time Constrafnt -3 days R-3 days 2-3 days | Y wmonth 1-2 days  [2-3 days |V sonth 1 week 1 month
Comments Other Kildiife
scales: data s
1:24,000 obtained . R
fron Div,
of Hild- '
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Table A-3: Data Needs in Agriculture by
Subtasks and Data Characteristics

(continued) '
(D)

Nildlife Inventory

Subtask and
Characteristics

Cata It

ONTOGENY

VEGETATION TYPE

DEGREE OF DAMAGE

PHYSICLOGICAL TOLERANC

SOIL DRAINAGE

SLOPE

ASPECT

ZR

WEATH

LIVESTOCK POPULATICON

Distinguish Irrigated/

Kon-Irrigated Lands
Distinguish Culti-
vated/Hon-Agrigultu-
ral Lands
Distinguish Cultiva-
ted Forested and
Grazing Lands

Distinguish Fallow/
Producing Lands

Identify Ficld Crops
Jdentify Tree Crops

Determine Stage of
Haturity

Petermine Planting
Date

Determine Harvest Datel

Determine Moisture
Status

Estimate Flood Damage
Estinate Iail Damage
Estimate Wind Damage

Estimate Drought/Frost
.Damage

Estimate Discase and
Pest Damage

Estimate Chemical
Damage

Perform Livestock
laventory

ldentify Grassland
Vegetation,

Determine Grassland
Yigor

Perform Grassland
Current Source
format

Scale

Resolution

Frequency of Update

in-house

text

——-

tiveekly

Hiee Constraint 1 day

Conunent's

SRS3
in-house

texts
table

annual

1 sonth

in-house

texts
table

o demand

1 day

ARS 3
in-house

text

on demand

1 week

ol

sCS
maps
text
119,600

once

1 day

T
map

1:24,600
2m

once

1 day

usGs

map

1:24,000
2m

one

1-2 days

>

32 M M >

NOAA

text

SRS
in-house

table

semi -
annually

1 month

o
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Table A-3: Data Needs in Agriculture by
-Subtasks and Data Characteristics
(continued)

.

m
[

PO

+

Rsmtzmicnns s

fatz [tems
e LT

Subtask and
Characteristics

ANIMAL GENUS
WILDLIFE POPULATION

AGE
SEX

i
g
!
+
i

o Distinguish Irrigated/,
Hon-1rrigated Lands

smariacemes

Distinguish Agricul-
. tural/Ron-Agricul-
! tural tands

Distinguish Cultiva-
ted/Forested and
Grazing Lands

Distinguish Fallow/ j
Producing Lands

Identify Ficld Crops . ; - . : H

" Deternine Stage of

- . . 1dentify Tree Crops . '
. Haturity .

. Deternine Planting
e Date

" Determine Marvest Date

Determine Moisture
L Status

Estimate Flood Damage
| ] . Estimate Hail Damage ‘ 5
Estimate Wind Damage . . . I

Estimate Drought/Frost . . . f
Damage . .

Estimate Disease and C ! ) : . .
Pest Damage

Esimtate Chemical ) . . . !

Damage 1 ; i

" Perform Liv}estock In-
v ventory X X X

] " Ydentify Grassland ’ ’
“ Vegetation

; Determine Grassland
‘ : Vigor

Perform Grassland
Nildlife lnventory X X X X

Current Source SRS % SRS SRS Div. of
* in-house [in-house lin-house [(Wildlife

Format . table table table table

. Scale . — - -

Resolution : - S

.

B ‘ Frequency of Update somi- semi< somie semf-

annually | annually [annually |anaual . ~ '
Tiaw Constraint } month 1 month I wonth 6 weeks

Corments e e .ee
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- . Table A-3: Data Needs in Agriculture by
tw Subtasks and Data Characteristics
o - (continued)
'
o ) o
N - w
- o
H
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n * P
g g " g1 £ | &y
o a [T} < W g
F a. < << a -
5 . [=2 w * [=1 =<
-1 c o =) < w <G
. — (e [S] w o o ©
« (z) w lt '8 ° w oz
o - o - o - o> 1)~
S - A = pu} v
3 2 @ g g g | EZ
Subtasks and 8 ot b > % - wo
Characteristics — > © =
"Crop Damage by lail X X/ X X X X X
Current Source USDA USDA // USDA USDA USDA USDA HOAA
in-house |in-bpuse |in-house in-hause | in-house { in-house
USGS : USGS farmers
" Format aerial acriaY¥:  jaerial aerial aerial reports -
' . photos Aphotos photos photos photos text
K on site on site on site on site topogra-~
; ' visits visits visits visits phic wap
topogra-~ overlay’
[ phic maps
Scale ) 1:2,000 1:2,000 1:2,000 1:2,000 1:2,000 1:2,000 1:5,000,000
T N 1:6,000 1:6,000 1:6,000 1:6,000 1:6,000 some
i larger
i Resolution < n < m < Im < Im <m -— variable
Zm . 1 km
Fregquency of Update as neceded {as needed fas riceded | as needed |as needed |as needed {daily
=2 Time Constraint < 1 week f< 1 week <} week < ¥ week |< 1week [< 1 woek [< 24 hrs.

™




i
i'
{
b
L
i

¥
i
j

TR Nl

P

FOm—

=1

|

|

iw:-r:"z ::th i

[

e |

BTEIE

.
i’
B

L} F e L T T e e e s At S I 3

=12~

A.3 ENVIRONMENTAL PROTECTION

In this study, environmental protection agencies are defined as
operational state and local government agencies with responsibilities for
environmental protection in three areas: air pollution, water pollution,
and solid waste management. Solid waste management problems are Tlimited
to landfills and salvage yards. Industrial waste on-site disposal on the
land as well as agricultural and mining waste problems were not consi- |
dered. Other activities include overseeing state environmental impact
statement programs in Minnesota and Wisconsin, and overseeing public water
supply quality in several states. Some agencies are responsible for per-
forming basic and applied environmental research programs.

Each of the states is organized somewhat differently for the pur-
poses of environmental protection. The grouping of responsibilities
for the different media (air, water, land) and for different functions
is different in each state, but the ultimate functions to be perfcrmed
and the data required to perform them are nearly the same. This fact
reflects the heavy influence of recent federal legislation on state
activities in this area.

Table A-4 summarizes the tasks, data needs, and data characteristics

for environmental protection agencies in the five state region, as

generalized for all the states. The focus of this table is on the en-
vironmental quality data needs. Other data needed to carry out the tasks
listed, such as land use, transportation activity and population density,
are not included. Many of these allied data needs are similar to those
required by Tand use planning agencies. Data needs for the preparation
of Environmental Assessments and Environmental Impact Statements under

NEPA appeak~under the needs of agencies in each area and are not included
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Table A-4: Tasks, Data Needs and Data Character1st1cs

: ' Environmental Protection Ag gencies ~
5 %
[
]
Tasks Data Needs frequency Resolution Time Lag to
Parameters Manageunent
Product Format
{ A. Air Quality [ 1. Aubient Air once each 6 Tess than 100 1-4 weeks tabular listing
i Managenent Quality in Rural | days point samples of concentration
Areas {Aerosol) for an eutire of each location
A state
2. Ambient Air once each 6 less than 50 1-4 veeks tabular listing
Quality in Rural | days point samples of concentration
Arcas (gascous for an entire of each location
pollutants) state
3. Ambient Air once each 3 few {-12) point few minutes tabular listing
Quality in Urban | min. or less samples for to few days of concentration
Areas frequent metropolitan of each lozation
region
. 4. Meteorologi~ daily to once | few sites in same day weather mzp, tabular
cal Paraneters each 3 min. metropolitan listing of para-
region meters at each
location
5. Statu-wide yearly or 1 + month tabular listing
; Point Source less often of location, iden-
i Inventory tity, discharge
; rate.
6. Emissions by as necded T week or documentation of
Point Sources less quality and quantity
of diccharge
7. Local concen- | as needed 1-4 weeks do., documientation
trations and of local air
emissions of quality
i i exotic pollutants
R 8. NMleyal random fow minutes report of locaticn
; Intermittent and nature of vm-
Emissions lation
! ! B. Solid Waste 1. Inventory of | yearly or Identify sites 1 nonth thematic map
Managenent Waste Disposal less frequent } 1-2 acres in
Sites extent
2. Inspect Sani- | semi-annual - 1 month site imagery
tary Landfill to annual
Opcrations
3. Effects of quarterly to done by sampling| 1 month
Jandfill opera- semi-annual 3 or 4 wells
[ tion on ground Tocated around
b , vater perimeter of
L site
4. Landfi1] site |as nceded 1 month site imagery
- - selection and
{ i prepermit
i investigations
" C. Nater Quality | 1. Ambient and
fnageient solirce-oriented
water quality
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Table A-4

Environmental Protection Agencies

(continued) -

Tasks, Data Needs and Data Characteristfcs

Tasks Data Needs Frequency Resolution Time Lag To Format
Parameters Hanagoment
Product

Water Quality a. Water Quality | semi-annua} streams 50 m wide] one month + | tabular listing

Management Trends in remote { to annual and up acceptable

{continued) areas
b. Monitor siting} as needed few meters one month + currently done
of facilities ad hoc
c. Thermal (weekly to one month + tabular listing
Sources ronthly) and/or isotherm

maps
d. Radioactivity | quarterly one month + tabular listing
in water
2. Outfall yearly update ! outfall from tabular listing
detection and 6-8 inch pipe
Inventory is of impor-
tance
3. Effluent monthly 4 weeks tabular listing
Levels
4. Lake Trophic yearly update | 10-100 acra one month + tabular Yisting
Level Classifi- minimum lake
cation size
5. Arcal Source yearly update | ldentify areal one month + tabular listing
Inventory spurces 5 acres and thematic map
) in extent way be useful
6. (i1 Spills and | as needed locate slicks few hours report of location
Sceps 10-50 m. wide and nature of
spill

7. :Basin Plans yearly or thematic maps of

a. Stream flow
volume

longer update

seasonal

land use, data from
above activities

tabular listing

i ATem gy e e o
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A.4 FISHERIES
Data items which need explanation are defined here for the readers"
convenience:

1. Cause of Change in Condition - refers to pollutants, dredging acti-

vities, and other phenomena which affect aquatic habitat quality.

2. Runoff Quality - refers to the nutrient (pollutants, silt) content

of water runoff.
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Subtask and Data Characteristics

Data Needs in Fisheries by

o
g o gg;’ EE o Ei
£ . zZ m
s =t £a & w 5 s
- =] Ot 4] - o< N
o 2 E — >z < =] [T
S = ) < (T Fe o (<] o4
a3 <] o - & o °35 anH w u =
| 4 <L - pa i< 4 1w o .l (1™ w. b=z
3 2 5 a5 | 4. | B3 | g g | g3
Subtasks and b ® Z g 2Z =Y 5 5 S
Characteristics = < o = o - o e
Aquatic Habitat Inven-
tory and Assessnent X X X X X X X
Aquatic Population
Inventory X X
Monitor Terrestrial
Cover Type Conversien X X X
Locate Barricrs to "
Fish Movement X X ' X
Determine and Monitor
Effects of Pollution X X X X X X
3
Deternine and Monitor ‘
Recreation Types X R ¢ X
Determine and Monitor
Impact of Recrea-
tion X X X X
N Petemine and Monitor
. Physical Alteration
. of Hater Bodies X X X X X X
Idéntify Drainage .
Patperns X X . X X
Identify Flood Plain
Constriction X X X i X X
Current Source _in-house | in-house .| in-house iin-house |in-house |in-house; |in-house; |in-house; .-
' Dept. of [SCS SCS
Environ-
mental
Quality
Format map map text table text table table; table; m—-
DA text text
Scale 1:24,000 | 1:24,000 -—- --- - —-- - --- -—-
Resolution 2m 2m - .- .- v - - .-
Frequency of Update | none none seasonal  [on demand |annual on demand jannual annual -—-
Time Constraint 1 week 1 week 1 day 1 day 1 month 1 day - 1 month 1 month
: ; week
Conments scale may | scale may fhis data
vary vary item is not

ORIGINAY,

i PAGR IS

Cm‘ETxQR QU )

presently
javaitable




a4 R

o

1

Lo i

£

Table A-5:

.=18-

Data Needs in Fisheries by
Subtask and Data Characteristics

(continued)
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s| &£ - = S
* - — w 2 >
[=] - o i3} S
e = — o
ww [T} O oo |
Subtasks and 52 N P 9 x
Characteristics o %) ) . 7}
Rquatic Habitat
Inventory and Acsess-
ment X
Aquatic Populaticn ,
Inventory X X X X
Monitor Terrestrial
Cover Type Conversion| X
Locate Barriers to
Fish Movement X X
Determine and Monitor
Effects of Pollution
Determine and Monitor
Recreation Types X X
Deterinine and Fenitor
Impact of Recrea- -
tion X X X
Determine and Honitor
Physical Alicration
of Water Bodies X X
Identify Drainage
Patterns
Identify Flood Plain
Constriction
Current Source in-house |ir-house }in-house Jin-house |in-house
Format map table ‘ltable table table
Scale 1:4,800 —-- —- — ——
Reso'luhon _— - ——- . ———
Frequency of Update |scasonal |seasonal [scasonal |seasonal |seasonal
Time Conztraint 1 day 1 day 1 day 1 day 1 day
Comnents scale may jbased on {bascd on . {based on |based on
be larger | field data|field datalfield data(field data
1
i
'! -
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PAGE I8
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FORESTRY

The followirg are definitions of those data needs of forestry agen-
that are not self-explanatory.

Stand Size - refers to the merchantibility of the stand. It is
based on the average diameter at breast height (DBH). Trees are
classed as seedlings, saplings, poletimber, small sawtimber, or
large sawtimber.

Site Index - a measure of productivity based on the projected
growth rate of dominant trees on an individual site.

Seed Source - refers to the genetic parents of a seedling group.

Regeneration Potential - the probability that a stand will reforest

itself after a harvest or natural disaster.

Practice Required - refers to activities such as pruning and thinning

that are an integral part of timber stand improvement.

Site Preparation Needs - the practices necessary to employ to ready

a site for reforestation.

Conversion Method - refers to the use to which forest land has been

converted. Agriculture and housing are two examples.

Porosity - includes both permeability (how many inches water can
seep in an hour) and infiltration rate (thevspeed at which watér
enters the surface soil).

A-horizon Thickness - the depth to subsoil, that is, the thickness

of the surface soil.
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Y G@:ﬁ%ﬁ, Table A-6: Data Needs in Forestry by Data Source and
U 00‘?% Data Characteristics

R VOLUY
STIMATE

1
1y i

DLINGS PLANTED

ISR Smrdmyer MR EATE L Sl veaay t3

Cata Needs

‘;:m,'

32

REGENERATION FOTENTIAL

SUCCESSICNAL STAGES
LOCATICON OF HARVEST
AMOUNT HARVESTED

STAND MATURITY
SEED SOURCE

USE OF TR

# st

_ Subtasks and
Characteristics

TI

>
>
>
>
>

Perform Forest Inven-
tory

B

L Monitor Reforestation X X ; X X X ', 7

= Improve Private Fore- X X ' i
i - try | :

Determine Harvest X X : X
Schedule & Method

Determine Need for X X 1 X
Timber Stand Improve-
ment

# 7 Monitor Forest Conver- X X X 7
: sion . é

Disease & Pest X X X
: Detection .

s

Petermine Fire X X
N Potential

Determine :Land Capac-
ity

Plan Erosion Protec- . :
tion : ’

fetermine Water . : :
Storage Capacity ;

. Determine Soil Mois- : : i
_ture Availability .

Determine Potential )
Cropping Scheme !

Assess Soil Fertil-
ity

Distinguish Forest X X
Industry o

" Run Nursery Program B | X X

Fire Detection/ X ¢
Fighting

Fire Damage Survey X X X

Current Source in-house (}SF’SlI in-house | in-house | in-house | in-house | in-house | in-house | in-house
; in-house i

Format table table text text table table table text table

:Scale S e - il o= o= e bl o=

Resolution G- i So- e Lt -- --- N -

- rsequgncy of . 10 years | 10 years | once on demand | on demand | centinual | annual | on demand | continual
: pddte
l

Time Constraint o] Voyear 1 year {1 ycar 1 week 1Y weck .. 1 month |V month i ---

Coumnents refers to | based on based on
genetic records records
parents of
seedlings
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1
! 5
" A w — e
s 2 k z 2 >
¥ v [ 3 * w — e .
' & 5 o & < & !2 ) w » >
i = o a, = w -0 P N z W
Py ] - o [ o= o - ] o
2 xX (V] <L < (9] (7] f=1 b4
L. fad - [ [y -
| e (%) « a a > b= o a o r
! u w = = o= z = =z w <
Subtask and & g = hd A i = o =
* Characteristics w o L4 b - 4 " © b4
Perform Forest Inven- | X X X X X x | x X X
'tory
Monitor Reforestation X X X X
improve Private Fore- X X X X! X X | X X X
"try
Determine Harvest X X X . X X
Schedule & HMethod -
§ - ' Determine Need for X X X X X X X X - X
’ Timber Stand Improve- f
ment i : C
) Monitor Forest Conver- X X X X
sion .
' Disease & Pest X x | x X X X X |
Detection : 1 ’
| Deteraine Fire X S X X X X X : |
‘- Potential P | |
Determine Land Capac- ! ' X
ity ; 1 j ’
| o i IR oo ;
4 Plan Erosion Protec- : » A B Lo j
‘e i tion ! l 4 ! !
o i i
| Determine Water :
Storage Capacity
Determine Soil Mois- ' ‘
ture Availability _ : T | i
! Determine Potential ) P! »
i Cropping Scheme i |
E* . ' I |
§ Assess Soil Fertil- ' : : i
R ity ; ‘ {
' Distinguish Forest X
L . Industry i
" Run Nursery Program X X X e
Fire Detection/ X X X X ’
| Fighting . -
Fire Damage Survey X X X X X X X v
] , Current Source USES/ USFS/ USFS/ USFS/ USFS/ USFS/ USFS/ USFKS/ USFS/ X
: : ] in-house | in-house | in-house | in-house | in-house | in-house |in-house |ia-nouse | in-house N
1 format map county map map map text table table table 5
N ; ‘ table plats table table table photo '
’ ; Scale 1:24,000 - 1:24,000 11:24,000 |1:125,000 ] 1:4,£00 - --- -
| L :
. Resolution 30m - 30m 30m icm 5m .- - .e
* Frequency of - - 10 years | 10 years |10 years |10 years |10 years |annual on demand | 10 years 10 ycars
Update
d Time Constrafnt 1 year 1 year 1} yenr 1 year 1 year 1 week 2 nonths |1 year )] j:car b
- Comnents  other other other ' |other stale may | i ficld ‘
scales: scales: scales: | scales: | vary : measure-
' ) : 1:125,000 1:125,000  1:125,000 { 1:24 000 : went
T . 1:100,000 1:300,000 § 1:100,000 1 1:160,000 .
. t R 1:9,600 1:9,600 1 1:9,600
f‘ 1 ) 1:4,600 1:4,800 114,800
1ok ‘
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Data Needs in Forestry by Data Source and

Data Characteristics

POROSITY

BULK DENSITY

Z PROFILE

ol
f

u

TEX

(continued)

STRUCTURE PROFILE

FILE

CONSISTENCE FRO

A-HORIZON THICKNESS

DEPTH TO BEDROCK

T R R A TR AR A T

SOIL LOCATION

Perform Forest Inven-
tory

Monitor Reforestation

Improve Private Fore-
try

Determine Harvest
Schedule & Method

Deternine leed for
Timber Stand Improve-
ment

Vonitor Forest Conver-
sion

Disease & Pest
Detection

Determine Fire
Potential

Determine Land Capac-
ity

Plan Erosion Protec-
tion

Determine Water
Storage Capacity

Detemmine Soil Mois-
ture Availability

Determine Potential
Cropping Scheme

Assess Soil Fertil-
ity

Pistinguish Forest
Industry ’

Run Kursery Program

Fire Detection/
Fighting

" Fire Damage Survey

Current Source
Format

:Sca!e

Resalution

: frcduency of

_ Update

" Time Constraint

Comneats

SCS

map
text

1:9,600

20 years

1 week

map not
availahle
for all
Heas

SCS
map
text

1:9,600

20 years

1 week

map not
available
for all
areas

SC5
map
text
1:9,600

20 years

1 week

map not
available
for all
areas

SCS
map
text
1:9,600

20 years

1 week

map not
availahle
for all
arcas

SCS
map
text
1:9,600

20 years

1 weck

sap. sot
available
for all
arcas

SCS
map
text

1:9,600

20 years

1 week

may not
available
for all
areas

SCS
nap
text

1:9,600

20 years

1 weok

rap not
available
for all
areas

SCS
map
tent
1:9,600

20 years

1 week

jmap not

aviailable
for all
areas

SCS
map
text
1:9,600

20 years

1 week

map not
available
for all
areas
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Data Needs

Subtasks and
Characteristics

RATE OF EROSION
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Data Needs in Forestry by Data Source and

Data Characteristics

TYPE OF ZROSION

MACRO-NUTRIENT STATUS

TRIEN

MICRC-N

XCHANGE
Y

-
=
.
o}

CATICH

(continued)

?H oF soiIL

SALT CONTENT

DEPTH TO WATER

"ORGANIC MATTER CONTENT

Perform Forest Inven-
tory

Monitor Reforestation
Improve Private Fore-
try

Determine Harvest
Schedule & Method

Detemmine Heed for
Timber Stand Improve-
mgnt

Hoﬁitor Forest Conver-
sion

Di{ease & Pest
Detection

Deﬁermine Fire
Potential

Detemine Land Capac-
ity

Plan Erosion Protec-
tion

Determine Water
Syorage Capacity

Detemmine Soil Mois-
ture Availability

Deternine Potential
Cropping Scheme

Assess Soil Fertil-
ity

Distinguish Forest
Industry

Run Rursery Program

Fife Detection/
Fighting

Fi}c Damage Survey

Current Source.
fomat

Scale
teasolution

ffequency of
Update

Tine Constratnt

Comments

SCS
mp
text
1:9,600

on: demand

1 week

map ‘not
available
for all
areas

SCS
map
text
1:9,600

on deisnd

1 week

mop not
aviilable
tor atl
Qreas

SCS
map
text
1:9,600

20 years

¥ week

map not
avdilahie
for all
rcas

SCS

wap
text
1:9,600

20 years

1 week

map not
availabie
for ald
areas

SCS
map
text
1:9,600

20 ycars

1 week

Riip not
avadluble
for all
arcas

SCS
map
text
1:9,600

.

20 ycars

1 week

hap not
available
for all
areas

SCS

map
text

1:9,600
20 years
1 week

ap not
available

Ifor all

[‘ rcas

SCS

nap
text

1:9,600

20 years

1 week

map not
available

for all
areas

SCS
map
text

1:9,600

«

20 years

1 viock

map not
lnvaildble
For al}

1rcas
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Data Needs in Forestry by Data Source and

Data Characteristics

LOR

SURFACE CO:

UOCATION OF INDUSTRY

SIZZ OF INDUSTRY

(continued)

oN

i

A

CcF

WATER POLLUTION

# PERSONS TMPLOYED

| FRESENC

DUSTRY

+
Al

TYPE COF IN

WIND DIRECTION

LOCATICN OF FIRE

Perform Forest Inven-
tory

Hﬁnitor Reforestation

Improve Private Fore-
try

Détenuine Harvest
Schedule & Method

Détennine Need for
Timber Stand Improve-
. ment

Monitor Forest Conver-
§ion

nisease & Pest
Detection

Détermine'Fire
Potential

Détermine Land Capac-
ity

Plan Erosion Protec-
tion

Détermine Hater
Storage Capacity

ﬁétennine Soil Mois-
ture Availability

Détcrmine Potential
Cropping Scheme

Aﬁsess Soil Fertil-
ity

Pistinguish Forest
{Industry

‘ﬁ@n Rursery Program

Fi}c Detection/
ﬁighting

Fire Damage Survey

Cerent Source
Fo'flmat

I
Scale
Reéolution

fréquency of
Update

Time Constraint

Coments |

SCS
text
map

1:9,600

20 years

i week

[map not
favaiiable
for a))
areas

SCS

[text

map
1:9,600

-

20 years

1 week

rap not
available
for all
areas

permit

text

annual

1 month

1Mlinois
desires
these data
but dues
not have

them

permit

text

annual

1 month

IMinoi«
desives
these data
but dues
not have

Lhen

permit permit

text text

annual annual

1 wonth 1 month
1Minois
desires
tisi data
but. dees

11inois
desires
these data
but dacs

not have
them

not have
them

permit

text

———
-

annual

1 month

IMNinois
desires
these data
but does
nat have

them

in-house
text

ap
1:100,000
§0m

diily in
season

1 hour

scale may
b larger

X

in-house

table

daily in
season

1 bour

Project
Fire Scan
provides
sonie of
these data,

P -

A b at
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WIND SPEED

Sidial Lo i R DT
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Data Needs in Forestry by Data Source

Data Characteristics

HUMIDITY

ERS

LOCATION OF
IREFIGHT

=
b

£ FIRE

-SIZE ©

LOCATION
PROTECT!
Al\vl—

TIME AND CAUSE OF FIRE

(continued)

and

BUILD-UP

>

AMOUNT OF FUEL

R Rt e e S

TRAVEL TIiMES

ferform Forest Inven-

tory

Nonitor Reforestation

Improve Private
try

Determine Harvest
Schedule & Method

Detemine leed for
Ticber Stand lmprove-

nent

Monftor Forest C
sion

Disease & Pest
Datection

Determine Fire
Potential

Determine Laad C
ity

Plan Erosion Protec-

tion

Determine Water
Storage Capacity
.. Determine Soil M
s ture Availabili

% Determine Potent
» Cropping Scheme

Assess Soil Fert
ity

Distinguish Fore
Industry

-~ Run Nursery Prog

Fire Detection/
Fighting

Firve Damage Survey

Curtent Source

Format
i

:Scaie
* Resolution’

Frequency of
Update :

Yime Constraint _

Conrients

fore-

onver-
apac-

0js-
ty
ial
il-

st

ram

in-house

table

ap
F:hoo.oao

diily in
50a50n

‘

) hour

in-house

table

ldaily in

season
1 héur
ground

nocsurc-
ment

in-house

table
text

daily in
Keason

1 hour

in-house
map
table
1:4,800
S5m

jon demand

1 Q:gurf

Loy
tscale may

vary

in-house
map .
table
1:24,000
[30m

Rnnual

T hour

ueale Loy
vary

in-house

text
table

on demand

1 hour

X
in-house

table
text

hnnual/on
dem1nd

2 veks

X

iti-house
table

-

daily in
peason

1 hour

in-house
map

1:24,000
n

on demand

1. week
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LAND USE TRENDS
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Data Meeds in Forestry by Data Source and

Data Characteristics

ACTIVITY SPECTRUM

RECREATIONAL USE
INTENSITY

PRACTICE REQUIRED

(continued)

CONVERSION METHOD

SLOPE

ASPECT

ELEVATION

Perform Forest Inven-
tory

Monitor Reforestation

Improve Private Fore-
try

Determtine Harvest
Schedule & Method

Determine Need for
Timber Stand Improve-
ment

Monitor Forest Conver-
sion

Disease & Pest
Detection

Determine Fire
Potential

Determine Land Capac-
ity

Plan Erosien Protec-
tion

Determine Water
Storage Capacity

Detemine -Scil Mois-
ture Availability

Determine Potential
Cropping Scheme

Assess Soil Fertil-
ity

Distinguish Forest
Industry

Run Nursery Program

Fire Detection/
Fighting

Fire Damage Survey

Current Source

Format

Resolution

Frequency of
Update

Time Constraint

Comients

in-house

'

table
text

on demand

1 week

in-house

table

cna-

annual

1 month

in-house
table

annua)

1 nonth

in~-house

table

——

annual

¥ month

based on
field
studies
and models

in-house

table

annual

1 month

basad on
field
studics

in-house

table

annual

1 month

USGS

ap

1:24,000
om

once

on denand

UsGs

map

1:24,000
2m

once

on demand

USGS

map

1:24,000
P .

once

on-demand
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A.6  GEOLOGY

Data items which are not self explanatory are explained here for the

convenience of the reader:

1.

Geologic Unit - a single formation or association of rock layers

which are thought to have originated at the same time and in the
same environment.

Soil Type - the nature and identity of soils present in a given
area, such as clay, sandy loam, and so forth,

Description of Surficial Materials - description of the types and

characteristics of soils and unconsolidated earth materials pre-
sent in an area, such as soil and rock type.

Rock Type - nature and identity of rocks present in an area, such
as limestone, sandstone, granite, etc.

Water Quality - the physical, chemical and biological properties

of subsurface water, such as dissolved solid content, conductivity,
pH, B.0.D., and heavy metal content.

Well Logs - records of what rock types and geologic units have been
drilled through at various depths below the ground.

Well Core Data - records of the materials recovered from wells which

have been drilled.

Correlative Units - geologic units which are similar in age (and

origin to units in other areas).

Aeromagnetic data - data on the magnetic field intensities at a

_ given point.

Gravitometric data - data on the variations in gravitational inten-

sity at a given point.
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Feature - a structure or land form; for example faults, morraines

or mountains.

Physical Properties of Aquifers - all the physical properties of a

rock unit which act as a water conduit, includes flow rate, porosity

and permeability.

o TSR
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Table A-7E

Data Needs

B

in Geo]ogy.by Tésk and Data Characteristics

Commnis

1 somaric1g

work
necessary

o

1
. =z
= [ o
=z = o 2 ©
o w < (o]
b= —te - e
* - o o
< ©:= ] -
o = Wk v s v
51 o O » 0t b= 74
) -0 3= - w = w
" < v =z z = (2] =
g [3] w us o .t X w 4
2lOE | ¥Sw | & 8 FE | g g | e | 2
— f Soe i > 0.0 x > wo x
« << =D - v [ - o F=1
b [ QU= - o u. =]
e 3 B s N = 9% = S ne [
Subtasks and w Ol o o' M) o o 5% 1)
Characteristics . a < " a . « b 2
Stratigraphic Studies X X X X H X X X X
Surficial Geologic
Mapping X X X X X X X
Geomorphic Feature
Vapping X X X X X X X X
Subsurface Geologic
togging . X X X X X X
Geologic Mapping X X X X X X X
Structural Geologic
Analyses X X X
Geologic Features
Inventory X X X X
Geologic Constraints
on Urban Development X X X
Kine Roof Fall Studies X X
Karst Area Subsidence
Potential Evaluation X X X
' Earthquake Advisement X X X
Slope: Stability -
Landslide Studies X X X
Hater Impoundinent Site
Suitability Studies/
and Liquid X X X X
$oYid Waste Disposal )
:Site Suitability )
Studies b4 X X X
Foundation Construc- \
tion Suitability X . le X
Engincering Geologic
‘Mapping X X X X X X
Eng‘nceri‘ng Soils
‘Mapping X X X X X X
Current Source Uses USGS in-house |USGS in-house | USGS UsGS fn-house | USGS
in-house | USGS in-house USGS in-house | in-house in-house
. SCS $C5 SCS
Format topo- text geologic | soils soils and|soils and {ucologic [well logs lgenlogic
graphic | grologic | maps naps geologic |surficial {maps well core [maps
map map engiticer- naps materials data text
ing gco- maps
* Yogy niaps
Scale 1:24,000 | 1:24,000 |1:24,000 |1V:24,000 1:24,000 | 1:24,000 | 1:24,000 .- :24,000
1:62,500 1: 9,600 1: 9,600 | 1: 9,600 | 1:62,500 1:62,500
Resolution an - 4m | 2m me-cmf Mol Pnccin| o=~ <Imf ooe 2n - 4m
Frequency of Update 8-10 yrs.| 20 years | 5-10 yrs, | 10 years 10 years | 10 ycars' 20 years | as nceded] 20 years
Time Constraint none {1 none none none none none none 4-6 weeks | none
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. (continued) . !
. . H
Fe rad ; .
{ ) -
§ . 3 & 2
&9 :.5 o - @ 1)
«t e x 3 e} - ?:‘;5:5
a -~ 'S} - [ [ o
x b o« » = Vi
- > = G < - 0 ] o
- o w = (=] (S )
- < = ] e w =T
g =] wwn cn w. = > 30
ik 8 k3 ) o) [Se] g a ~ 013 o
| oW — o (TN =< < ) w f 4 (23
. [} O .- L)~ w z 5 YOS
[ o v (14 4 e <L X
. . < o o ul oul p=3 17 w < w g 4
. K- W G- o= == O = a2 S0 :
3 . Subtask and < g% ot EE & 3 ] 8 BEE
) Characteristics = o o k- L © < o < .t
- "Stratigraphic Studies X X X X X X X X X :
: Surficial Geologic
" Happing X X X i
. . Geonorphic Features .
Happing X X i
' Subsurface Geologic ’ : ;
™ Logging . X X X 1 X X
I Geologic Mapping . | : X
Structural Geologic . . i !
Ana‘lyses . i X
1’ - Geolog\c Features
i Inventory
Geologic Constraints
. . an Urban Development
f Minc Roof Fall Studies ;
i i ;
o Karst Arca Subsidence |
. Potentia) Evaluation ;
. . j i
M;k Earthquake Advisement i
it ¥
i Slofie Stahility- ’
il landslide Studies ' ;
Water Impoundment Site | . 1
Suftability Studies/ ! ‘
and Liquid .
: Sol4d Haste Disposal K
Site Suitability
Studics
e
i Foundation Construc-
i : tion Suithbility
B
Engincering Geologic
Mapping
o
ﬁ' Engincering Soils
# Happing
Curvent Sourse $n-house |in-house fin-house in-house |in-house |in-house [in-house [in-house [in-house
: . reports reports reports reports reports reports reparts reports contractor
based on reports
samples
ol Format . text . text text text text text - text text text ' :
’ { : tabular laboratory lnhomtory tabular geologic fcharts oo
B sumnaries hnalyscs analyses |summaries maps
1 ;
15 Scale - .- - - . - - .e- 1:24,000 - [1:62,500
%? . 1:62;500 [1:250,000
- ’ 1:250,000
Resolution .- -e- .en ... e cee vem 2m - Im . ee=
Frequency of Update s nceded |as needed [as needed [as needed [as needed as needed [as needed Jas needed ws necded i .
i H *
Time Constraint 1-2 weeks [1-2 woeks {1-2 weeks [1-2 weeks [1-2 weeks [1-2 weeks |1-2 weeks [none - B-12 weeks i * .
Coments -—— .~ sém ass ase ies .o cee cae .
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. Table A-7: Data Needs in Geology by Task and Data Characteristics
' . (continued)
:
7 . ) ;«3: g
. 5 a & L - w ¥
i - - o i w o 2
¢ < 7 - - 7 ) 3
%‘ g | & g z i $ E | B
) ° . ® =4 5 o P> wi w
woed, :: w w W n w
= © a e % 9 a3 " c
| 1 = Sw | 8 - g © ° w
[ 3l & I £ & g g | &
] ) Subtask and a w ZzF o u ] < P 5
3 SV s ey Characteristics
: Stratigraphic Studies )
; Surficial Geologic
Mapping
: v . Geonorphic Features '
o Mapping X X
‘ " Subsurface Ceologic
Logging X X X X
o Geologic Mapping
. Structural Geologic . .
3 Analyses , X X X X
Geologic Features :
et : Inventory X . .x X X
- Geologic Constraints
» an Urban Developuent X
X ~ Wine Roof Fall Studies| X
Karst Arca Subsidence :
Potential Evaluation X i
% 3
Earthquake Advisement X f
" Slope Stability - ;
Landslide Studies X |
i
[ Water Impoundment Site i
Suitability Studies ?
and Liquid X . i X |
Solid Waste Disposal i |
Site Suitability i
T Studies X X
Iy i
# Foundation Construc-
e tion Suitability X . ‘ X
B Engineering Geologic "
; T Happing X | ;
s ? Engincering Soils -
» + Happing X :
g ™ Current Source USGS fiASA, USGS | in-house | USGS UsGs {n-house  {USGS UsGs USGS ?
# : : . SCS, ASCS | laboratory] in-house |in-house |laboratory|in-house [in-house [in-house | R
{u in-housc analysis drill logs|analysis *
B format topogra-  herial text and | texts text text land use/ |topogra- |topogra-
R phic or photos insoluble [ gcologic tabular cover map [phic and [map
‘. 5lope map [topogra- residue maps summaries |[map maps
T shic maps | logs :
f * i
¥ Scale . 1:24,000 11:24,000 &}  --- 1:24,000 - .- 1:24,000 ]1:24,000 11:24,000 :
: et larger somic 1:62,500 1:250,000 {1:62,500 ) :
i some at
] 11,000,004
; o + . ’
Resolution 2m on base Rn - 10n .ee 20 ycars .- . 2m '« 30m [2m - Y0m [2m
, . : 10m on ale ! .
- . Elope zone g/c £0m S : >
¢ . l‘réqucﬁcy of Update E'O; years [as negded | as needed | 20 years |as nceded {os needed 15 years 20 yvars |5 years .
‘ Time Constraint noém i -6 woeks | 4-6 weeks | none ‘} none 4.6 weeks 14-6 veeks [none none
5 i i :
G e o 0-12 slope futerpres
: Gommonts ‘(Ill(‘s !,m;cnd- LS : o tation
! : : .4 ) ‘ ‘ . ‘noeded
é 5 p ; . : ; , , ,
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77 Data Needs in Geology by Task and Data Characteristics
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Tabie A _
(continued) -
W
« ©
w > = - > x ut =
2 S A < 3 o] o] 4 i
= - =2 o - - = o
- (7] [ 54 (=] m - w o o
{! < o < b4 o0 o 0i ©
7 (14 *€Ir 13 w w S i~ [ 4 a.
& a w [¥] = Zz 1 < n
- (353 < 4 o« X 4 74
« w — u, ™ i w © w < W
a8 P ] w a » - o S5 0w
Subtasks and «© S o ] g P = CE g
Characteristics @ o - 73 14 @ o« (5] o
Stratigraphic Studies
“Surficia) Geologic
Happing
Geomorphic Features
Mapping
Subsurface Geologic
Logging '
Geologic Mapping
Structural Geologic X X
Analyses .
Geologic Features X X X
Inventory .
6eologic Constraints X X X X X X X
and Urban Development .
Hine Roof Fall Studies X X X X
Karst Arca Subsidence to
Potential Evaluation X X X X X X X
Earthquake Adviscment 4
Slope Stability -
landslide Studies X X X X
Water Impoundment Site
Suftability Studies/
and Liquid X X X X X
$o1§d Maste Disposal
Site Suitability .
Studies X X X X
Foundation Construc-
tion Suitability X X X
[Engincoring Geologic
Mapping X X X 3
Engineering Soils ;
Happing X X X X
Current Source ]USGS USGS USGS USGS in-house |in-house |in-house [USGS in-houst
in-house |in-house lin-house laboratory| 1aboratory| 1aboratory| in-house
freports reports analyses |analyses |analyscs |reports
hiaps
Formt {topogra- jtext text text text text text text ficld and
phic maps beologic tabular tabular tabular analyses
. mps suimaries | sumaries |sumaries text
Scale 1:24,000 .- oo ——- nea .. .- .ee .-
Resolution 2m . | . - oo —n . .-
Frequency of Update 20 years  las needed |85 nceded |20 years as needed |as needed {as needed {annual as needed
Time Constraint 4-6i woeks  lrone fnone . l4-6wucks [1-2 weeks 122 wecks {1-2 weeks 14-6 weeks [1-2 weeks
Comments ‘ ! !nt(j'rpr;-- i ‘ i
i ftation
required
“
. "
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' . Table A-7: Data Needs in Geology by Task and Data Characteristics
. , . (continued) B
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‘«f w ) g [ 1
1 3 » E| 8 4 g i3 :
[
P g |8 g 8 2 18 2
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sl 2 g e Z. | g | 28 | 3 9g i
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/ Subtasks and 2 2 b S s o [ x5 8% 4
: = Characteristics (¢ o Lo @ o <
s " Stratigraphic Studies
’ Surficial Geologic ]
Happing «
f Geomorphic Features ' : "
i . Happing * : E
. : . #
Subsurface Geologic 3
Logging
: G20togic Mapping
: : St:ructura'l Geologic
Analyses
. Geologic Features .
! Inventory )
i . 3
j Genlogic Constraints
#n Urban Bevelopment X X X X E
5 Mine Roof FallStudie§ X X X .
& . N .
Karst Arca Subsidence ! @
! Potential Evaluation X | S X bt
¢ Earthquake Adviscment X X X
i : Stope Stability -
i Lands)ide Studies X | X X
’ Water Impoundment Sitej
Suitability Studics/
oy and Liquid X X . X X X X X
; Solid Work Disposal
o Site Suitability
Studies X x ) X X S T |
.y , Foundation Construc- ;
% tion Suitability X X X. X X X
i ‘
B Engineering Geologic :
Mapping X X X X X X X
Enginééring Soils ‘
.. Wapping. - ) d ,
[ Current Source in-house {in-house {USGS in-house | in-house |in-house |[USGS in-house |in-house . %
: field testsi{ficld tests{usit consul- Corps of {laboratory|laboratory . :
in-house tants Eng. analyses |analyses )
-t . heports in-house !
NOAA
¢ Format T ftext text Text taboratory | laboratory| topogra- |text text text
s . . bnalyses analysis {phic maps tabular tahular tabular :
: materials {sumnaries |summaries [summaries ;
ey oo ’ . overlay ;
‘ Scale .- .- s .- - |r:2a0000 | --- - .-
Re:so]ution ) - ave R [y, cow om wen nea ..
- " Frequency of Update jnnual annual hs riecded | as nceded |as nccded jas nceded |weekly as needed Jas needed !
Time Constraint 4-(‘;f veeks 11-6 weeks  hrcliive 1-2 weeks | 1-2 woeds 18-12 weeksi24-48 his; 1.2 weeks [1-2 weeks i
o i L. paly . : i .
Coments . i faster *
i Y turn
b around my
4 . he n‘qulr-‘ .
.. , ' ‘ed tn some . i
CEN . cases
- N . .
{
! . : f
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_ Table A-7: Data Needs in Geology by Task and Data Characteristics
, R : . (continued) .
7 : . .
‘ -]
. § E
| E £
. = > a. ‘
o £
8 © 5 E
. ‘ 8 ) 3 ;
e © Subtask and S e i
i Characteristics
Stratigraphic Studies
Surficial Grologic
“Mapping
Subsurface Geologic
Logging i ‘ oo
Bééiogic Mapping v | : i
Structural Geologic ‘ &
Analyses . I
) Geologic Features . i
Inventory .
Geologic Constraints l
on Urban Developuent i
Mine koof Fall Studies ' ) S
Karst Area Subsidence ’ )
Potential [valuation . ‘ i : : ¢
! i .
, farthquake Advisement : b : )
, ' Slope Stability - :
i 4} : Landslide Studies
i Mater Impoundment Site
Suitability Studies/ ) ; v i !
. and Liquid R : !
Pf Solid Vaste Disposal - 1 -} I :
[l Site Suitability : : : ; ! . i i
by . <Studies : . i : v ;
Foundat fon Construc- ; . '
tion Suitability . ; . 1 '
tngii\ecring Geologic
Mapping X X :
e Engincering Soils ; R ‘(:
: Happing i X ; !
Curvent Source . [fn-house |USGS A P
1aboratory ! . i . . i i
analysis : : ! :
: S . Format ' text topogra- 3 : K - : : ‘ . ¢
i tabular  [phic maps R AT : : i . 2
- analyses : : | : . i i
_ Scate © - wee |r:2a,000 TR N I :
,, . ) 1262,500 : . : ; o
E Resolution .- 2n - 4m
i Frequency of Update  |as needed [20 years :
) Time Constraint 1-2 weeks: |none P 1 ¥
Comnents .- Came ! ’
s ; Pl
t 1 i .
5 E ! \ !
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MINERAL RESOQURCES

Data items needing further explanation are:

Grade of Deposits - the relative quality of a mineral deposit.

Based on the amount of desired mineral present in the ore.

Stratigraphic Relationships - the connections and juxtapositions

of geologic units which occur in the same area.
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Task and Data Characteristics

1 » o a
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N > - - xI
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[=1 < - D0 w xI <L - < = w [=]
Subtasks and Y ax L [ b ou >3 z =z
Characteristics - > = = o © Y P 3
Mineral Resource i
Studies X X X X X X X X
Annual Reports on
State Mineral
Resources and Pro-
duction X X X X X X X X X
Coal Gasification : ‘ : :
Potential X
Coal Utilization : ]
Potential X :
Strippable Coal :
Reserves i X
Potential Coal Re-
sources and Resource
Depletion X
Coal Resource Studies X
0i1 and Gas Resource
Studies X X
Reports on 0i1 and
Gas Reserves
Chemical Analysis of
Soils
Chemical Analysis of
Rocks
Chemical Analysis of -
Minerals
Chemical I\naly#is of
Water ‘
Current Source - USGS mining mining mining mining mining mining county USGS
mining companies | companies | companies { companies | companies {companies joffices in-house
- county 1 . in-house |in-house }in-house
‘ offices 5 USGS
Foﬁmat ‘ topogra- [texts texts texts texts texts texts land plats|{land cover
phic maps maps geologic Imaps
land plats naps
Scale 1:24,000 ——- ——- .- 1:24,000 |1:24,000 ——- 1:1,000 - |1:24,000
1: 1,000 1:62,500 1: 100 1:250,000
‘ ( 1: 100
Resolution, 2n - .3m --- E. ee= |om 2m - 10m - l.3m 2m - 10m
! on geolo-
[ gic Qata
Freﬁuency of Update [:n'nual fannual annual annual as nceded |20 years [annual annual 5 year's
Time Constraint -6 weeks J1-6 weeks | 4-6 weeks. | 4-6 weeks [4-6 weeks |4-6 wecks |4-6 weeks (4-6 weeks [4-6 weeks
Conments - - —as Samy .—- - - .- “a-
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Data Needs in Mineral Resource Geoloagy by

Task and Data Characteristics (Q4? ‘
(continued) y
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Subtask and 5 | mE | EF3 | 8 | EE | 28 | 28 | 28 | &
Characteristics @ M 1% o w = = [ o
ﬁincral Resource
Studies X X X X X X X X
Annual Re;;orts on
‘State Mineral Re- :
sources and Pro- i
duction
Coal Gasification
Potential
Coal Utilization é
Potential i
Strippable Coal
- Reserves )
Pétentia) Coal
Reserves and Re-
source Depletion
Caal Resource Studies
0i) and Gas Resource
Studies X X X X
Reborts on 0i1 and
Gas Reserves X X X X
Chemical Analysis of
Soils . X X X |
Chémical Analysis of .
Raocks X X X
Cbémica] Analysis of
Minerals X X X
Chemical Analysis of
Water X X X
Current Source USGS USGS USGS USGS UsGs in-house }in-house in-house | in-house
in-house | in-house | in-house |in-house }in-house }laboratory)laborztory| Yaboratory USGS
mining mining mining mining mining analysis lanalysis analysis | mining
companies { companies | companies |companies |companies companies
Format text text text text text text text text text
- charts naps charts tabular tabular tabular
sunmaries jsummaries | summaries
Scale .- ——- 1:24,000 {1:24,000 - .- - -- ---
1: 1,000
Resolution : - - 2n < ——- - .- aam “aa
. 2m
Frequency of Update annual annual 20 years jas needed jonce as needed jas needed | as mceded | once
Time Constraint 4-6 wecks [ 4-6 weeks |4-6 weeks |4-6 wecks [4-5 weeks [4-6 weeks |4-6 weeks | 4-6 weeks | 4-6 vieeks
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% Table A-8: Data Needs in Mineral Resource Geology by
4 ; Task and Data Characteristics
’ ‘ (continued)
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. Characteristics w < < < < . e o a .
Mineral Resource i
: Studies X
Annual Reports on |
State Mincral Re-
sources and Pro- [ I . . ]
duction . A FR ¢ X X X X ' X X X
Coa) Gasification L :
Potential . X X X X X X X X
Coal Utilization : .
. Potential N X X X X X X X X
i : . |
Strippable Coa) |
i Reserves i X X X X X X X X
f
. Potential Coal Re- .
. serves and Resource .
Depletion x 1. X X X X X X X
- Coal Resource Studies , X ox X X X X X X
i 0i} and Gas Resource coo .
Studies o } X ;
Reports on 0il1 and : :
: Gas Reserves ; X
: Chemical Analysis of
i Soils
g i -
i . Chemical Analysis of
i Rocks
P Chemical Analysis of
i Minerals .
Chemical Analysis of
Water
y Current Source in-house | in-house { in-house | in-house | in-house | in-house | in-house | in-house in-house
. USGS USGS USGS mining mining mining mining reports reports
a companies| companies| companies | companies | companics ) companies | companies
W Format ‘text maps maps text text text laboratory| text text
i O ! map analysis
‘ text
Scale 1:24,000 | 1:24,000 | 1:24,000 - - --- .-
[ Resolution 2n 2m 2m S - - - — —
- ?rcquency of Update once as needcd] as nceded| as needed | as needed | as needed | as nceded | as needed | as needed
- " Time Constraint 4-6 weeks| none none none none none -hone none none
; . . |
Comments ' -— —— veu - .- - R T S
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Task and Data Characteristics
(continued)

2

WATER REGUIRED AND
AVAILAZLE

7S PER

TON OF COAL F.0.B.

STIFATED COS
MINE

ESTIMATED COSTS OF
PLANT CCNSTRUCTICON

AND PLANT CONSTRUCTION

PROFITABILITY OF MINE

LOCATION OF WELLS

A

s

NUMBER CF WELLS

COVERY

1

METHCD OF R

DEPTH OF WELLS

Mineral Resource

Studies

Annual Reports on
State Mineral Re-
sources and Pro-
duction

Coal Gasification
Potential

Coal Utilization
Potential

Strippable Coal
Reserves

Potential Coal Re-
Serves and Resource
Depletion

Coai Resource Studies

0i1;and Gas Resource
Studies

Reports on 0il and
Gas Reserves

Chemical Analysis of
Soils

Chemical Analysis of
Rocks

Cheﬁical Analysis of
Minerals

Chemical Analysis of
Water

Current Source

Format ]

SCaie

Resélution
Freéuency of Update
Time Constraint

Comnents

in-house
reports

fext

as needed
ﬂ-ﬁ weeks

in-house
reports

text

as necded

none

i [ d
c

mining
companies’
reports

Jtext

annual

4-6 weeks

mining
companies
in-house
reports

text

once
4-6 weeks

]

mining
companies
reports

text

annual

4-6 weeks

producers
USGS
reports

text
maps
1:24,000
2n

annual
4-6 weeks

producers
reports

- text

annual
4-6 viceks

producers
reports

text

annual

4-6 weeks

producers
reports

annual
4-6 wecks
i

i
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! ' Table A-8: Data Needs in Mineral Resource Geology by
¥ - s Task and Data Characteristics
)

~_ ﬁb“ ksg&xﬁl\ ' (continued)

[
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‘?ﬁ
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Data Items
CF OIL AND GAS

PENETRATED

COSTS

Subtasks and
Characteristics

PHYSICAL PROPERTIES
PROJECTED RECOVERY
WELL AND LEASE CWNER
RESERVES ESTIMATED
RESERVOIRS PENETRAT

GEQOLOGIC UNITS
LOCATICN OF R

N tiineral Resource
0 = Studies

Annual Reports on

= . State Mineral Re-

; sources and Produc-
tion

Coal Gasification
Potential

Coal Utilizatien
Potential

-2 Strippable Coal
Reserves

Potential Coal Re-
serves and Resource
- Depletion

Coal Resource Studies X . X X X X X X

Reports on 0il and
o Gas Reserves | X . X

Chemical Analysis of
Soils

- Chemical Analysis of
Rocks

Chemical Analysis of J
Minerals: :

Chemical Analysis of
Water

E Current Source producers |in-house |producers }producers | producers] producers | procuders
i - reports laboratory|in-house |reports county in-house | reports
. analysis [reports records reports

- Format text text text text plat text text
drill tabular  |maps books drill
logs summaries . logs

' . Scale S — - 1:24,000 -—- 1:1,000 lem -
& . 1: 100

Resolution -—- —— 2m ---"‘I < Im

Frequency of Update annual as needed jannual annual annual annual annual
Time Constraint 4-6 weeks |4 weeks 4-6 weeks |4-6 weeks | 4-6 weeks ‘4-6 weeks | 4-6 weeks
1

.- Comments * ~ae - R - T e - -
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A.8 LAND RECLAMATION

Data items in Table A.9 are considered self-explanatory.
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, ~- - Table A-9: Data Needs in Land Reclamation by
. Tasks and Data Characteristics
. 5 g .
5l 1% tu - =
LA ty = £24 w o0 "
£ = % 3 2 -’
- . 5 5 o Z 8 S
B 4 [T (@] = s -4 o k
b1 o [37] (24 (1 [ 4 = [a] i
& z = & w e ul S =
5 . [$] x i o i o = 2 ;
@ [ o ) w 3 w o = x
S 4 R W u; a, [=} us w .
3 Subtasks and o % o = g 9 z & z ;
i Characteristics ~ © < 0 Rz 173 - > = :
” Mined Land Reclama-
» tion tonitoring X X X X X X X X X :
Current’ Source Uses County uses ASCS USGS USGS SCS, USGS | SCS SCS. .
ASCS land plats]ASCS SCS ASCS ASCS RSCS
S¢S SCS in-house USFS USFS UsSGS
in-house in-house in-house | in-house | in-house
Format 1:24,000 |maps aerial acrial topogra- | slope or | aerial aerial aerial
maps photos photos phic map | topogra- | photos or i photos photos
aerial phic map | Yonet use | land cover; maps
photos , maps maps
Scale 1:24,000 |large 1:24,000 1:12,000 | 1:24,000 | 1:24,000 | 1:24,000 | ¥:24,000 |1:24,000
i or larger |scale maps{1:12,000 1: 6,000 i
maps 1: 6,000
<1:24,000
Resolution 2m < Im 2m and < 2m 2m 2m and n 2m 2m
; < 2m 10m on
slope
Y 20ne
Frequency of Update annual irregu~ annual annuai 20 years | 20 years | annual annual archive
H . (seasonal)| lar {seasonal)| (scasonal) only
Time Constraint 4 weeks - 4 weeks 4 vieeks .- ——— Sem --- .- i
o { {max) (max) {max) ,‘ : : E
Comments — —— - - ——— if slope | maps re-
e : . i i map un- quire
: . ) : available| field
- ) P : : ; requires | work :
! X ‘ inference 1 i
i : : ; : from con- :
- : ; tour of
. ' : ; topogra-
" phic map
;"?
i .
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Table A-9: Data Needs in Land Reclamation by
Tasks and Data Characteristics
(continued)

i

Time Constraint

Comments

=
(L]
o »n
o] o
o —
- ey ] [
“» = W [s D)
E [t [
@ (] [ b=
4 w (8} < Ly
SOE N
A © 83
o [ty (7] DT,
Subtasks and >3 0 oF
Characteristics 3 B ]
Mired Land Reclama-
tion Monitoring X X X
Current Source USGS USGS - TUSGS
SCS State GS ;State GS
ASCS State
in-house Water !
Survey ;
Format aerial geologi- |maps
photos cal maps {text
field
investiga- .
~— tions !
Scale 1:24,000 |1:24,000 {1:24,000
. Resoiution 2m 2m on base|2m
‘ 10in on
; geolegy
Frequency of Update annual 20 years {20 years

{seasonal)

4 veeks available |4 weeks
(max) as archive
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A.9 PLANNING AGENCIES

| Tables A-10 and A-11 Tist the data needs of state and regional/
Tocal planning agencies respectively along with the characteristics

of those data wherg available. Data items aré arranged in broad groups
éccording to data type rather than task. This approach was adapted
because the tasks and projects of planning agencies tend to differ widely
among the states and over time, as discussed in some detail in (A-1).
Thus, the data items listed here are typical needs of agencies in the
five state region as reflected in their recent activities. In general,
"time constraint" is not spec%fied.

Planning agencies generate relatively little of the data used,
depending upon inputs from other state agencies, local and federal
governments, and the private sector. Thus under the heading Current
Source, "State" means that the data item is obtained from cooperating
state agencies. More details on the specific sources are available in

the Missouri Report (A-2) and in the Preliminary Needs Analysis (A-1).



-45-

oy _ §
§ gi : Table A-10:
R DATA NEEDS AND CHARACTERISTICS - LAND USE
] PLANNING: STATE LEVEL
: RESO- | FREQUENCY
! CURRENT . LU- OF TIME
DATA TYPE DATA NEED SOURCE FORMAT SCALE TION UPDATE CONSTRAINT COMMENTS
Agriculture lestimated annual Universities [table - - annual -
production of
energy in form of
harvestable vege-
\ table growth
- : estimated total Universities jtable - -—- annual -
‘ annual production
; B of organic matter
| from all catego-
] ries of vegeta-
_ : tion
annual yield- Universities |table --- --- annual -
B frequency curve
\ for all crops
{rrigated land Universities |table --- -~ lannual ---
livestock prices State table - -=- lannual -
oo grain prices .- table --- --- |annual .-
Pl I market trends - table - --- |annual .-
b livestock receipts - " ltable ——- - annual ——-
o1 degree of crop .- table - ---  |annual -
damage ‘
pasture acreage USDA table .- --- |annual - :
R SRS ;
: i crop acreage and  |USDA table - «-- |annual --
] location SRS :
B crop production  |USDA table - ---  {annual ---
f 1 SRS . :
:,f. i average crop Universities }table -e- .- annual -
: yield by soil !
type
L Vegetation  |vegetative cover |USDA maps 1:250,000 dom |3years | --- !
] ’ ) type, area; loca- USCs and . ;
& . ' tion 1:24,000 :
i ' ‘ native vegata- -—- maps 1:250,000 40m {once .
i H tion and
. i 1:24,000 »
k ot . ' cultural veges .- maps 1:250,000 40m |3 years ——-
v ! tation and
¢ 1 1:24,000
wetlands inven- ——- maps 1:250,000 40m |3 years - ) *
[ tory and .
) 1:24,000
T Z soi1 producti- Universities |table .- <=~ | annual e
: ! vity ratings
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DATA NEEDS AND CHARACTERISTICS - LAND USE

Table A-10:

PLANKING: STATE LEVEL
(continued)
RESO- | FREQUENCY
SURRENT LU- OF TIME
DATA TYPE N DATA NEED SOURCE FORMAT SCALE TION UPDATE CONSTRAINT COMMENTS
Sofls soil locational SCS map - ——— as needed -
patterns with land-
use change
slope SCS map .- - as needed -
. with land-
use change.
generalized soil -— table - - as needed e
limitations to
construction
activities
generalized soil = table -— - as needed -—
productivity
soil family group- — table ~— - as needed -
ings
soii reconnaiss- ——— map - - as necded —-—-
ance
sofl assocations - map ‘ -—- ——- once ———
land capability - map - —— as needed -
engineering group- ——— tabular ——— - once -
ings of soils
Forestry forest location State map 1:250,000 40m  {once ——-
forest conver- State map 1:250,000 40m annual -
sion
reforestation State map 1:250,000 40m annual -
- tree stand size State table ——- —— annual .-
tree stand com- State table - .o- annual -
position
amount of tree State table - - annual -
harvest
use of tree State table - - annual -—-
harvest
timber volume State table - ——- annual -
estimates
forest inventory State map 1:250,000 40m annual ——-
Nildlife habitat charac- State table --- e« |5 years -
teristics
wildlife type State table e ——- 5 years Gew
and population

%
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m Table A-10:
- DATA NEEDS AND CHARACTERISTICS - LAND USE
3 PLANRING: STATE LEVEL
N (continucd)
' RESO-  |FREQUENCY
CURRENT Lu- OF TIME
R DATA TYPE DATA NEED "SOURCE FORMAT SCALE TION UPDATE CONSTRAINT COMMENTS
Water Resources . s .
and Quality
intensity of State table -—- - annual ——-
pollution on aqua-
- tic habitat
i
: laquatic population [State table - --=  |annual -—-
. ' impact of recrea- [State .se —-- === |annual [ -
tion type on
aquatic habitat
impact of flood- |[State | .- - - annual -—-
plain construction
- on aquatic habitat
; * . physical altera- |[State - --- ~==  lannual ---
! tion of water
bodies
4 surface vater Universities [table 1:250,000 40m 5 years ——-
: me
- stream flow .- table - --=  |monthly ---
» ground water - table ——- - annual -
ivailability
’ lake volumes .- table - ---  Jannual ——- i
3 [reservoir loca- - |map - - 5 years -—-
tion
& B potential rese- --- imap ——- - 5 years -
- voir sites
Lo winter fish-kill --- table - === |annual -
: wild rivers - Imap ce- - 5 years ———
- ! fishery resource - table . == |2 years —
Eypes
= utrophication ——— table ——- - annual ——-
classes
? E‘:bmerged aquatic - table ——— e $ years -
f‘ crophyte '
- iconmuni ties
vy quatic inverte- - table - - 5 years -
£ | yrate communities
S AN roundwater re- - [map 1:250,000 ---  lonce -
\ icharge regions
b lgroundwater dis- =-= - lmap 1:250,000 ==~ lonce .-
;5 : charge regions
‘ ¢ stimated volumes --- table --- es~  |annual ---
. ‘ f groundwater
: } discharge
b fles of shoreline]| ~ ---  [table e === Jonce -
i .
A 8
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DATA NEEDS AND CHARACTERISTICS - LAND USE

Table A-10:

PLANNING: STATE LEVEL
[continued)
RESO-~ | FREQUENCY
CURRENT LU- OF TIME
DATA TYPE DATA NEED SOURCE FORMAT SCALE TION UPDATE CONSTRAINT COMMENTS
sedimentation -—- table - - annual -
rates
4 major point pollu- -—- table — ——- annual -
tion sources by
type
mean annual lake - table ~—- .- annual - !
Tevel fluctuation
intermittent - map .—- .- once ——-
streams table
permanent streams .- map 1:250,000 .- once -
table
phreatic water - map 1:250,000 - once -
surface
potentiometric maps ——- map 1:250,000 .- once -
of major bedrock
aquifer systems
depth to water - map 1:250,000 oe= once -
table
estimated total - map -—- --- |once .- :
aquifer water ;
$torage volume
floodplain location;U.S. Army map 1:250,000 —- once only -
i Corps of and
Engineers 1:2,400
floodprone area U.S. Army map 1:250,000 - once only ---
location Corps of and
Engineers 1:2,400
surface water and - table .- - annual ——-
ground water :
quality
Air Quality |location of point |State map --- 20m | annual .-
source table
size of point State tabular -—— e once ——-
source
area source State map e 40m annual -
Tocation table :
ambient air State table .o === |monthly -
sampling
Climate/ weather records : “ea table - oe yearly -
Meteorology precipitation {annual
temperature records)
humidity
tornado frequency
atmospheric inver- - map - e yearly .
sion probability )
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Table A-10:

DATA NEEDS AND CHARACTERISTICS - LAND USE
PLANNING: _STATE LEVEL

{continued)
RESO- | FREQUENCY
CURRENT LU- OF TIME
DATA TYPE DATA NEED SOURCE FORMAT SCALE TION UPDATE CONSTRAINT | COMMENIS

Sol1id Waste sanitary landfill |State map —-- 10m 2 years ~—
sites
solid waste faci- |[State map .- 10m |2 years — |
1ity processing i
sites
solid waste manage-|{State map —— - 2 years ——-
ment plans ‘
solid waste gene- |[State table .- - annual -———

[ration data .

Geology precambrian surface —— map 1:250,000 ——— once -
overburden thick- ca- map -——- - once .--
ness
glacial deposits - map ——— -—- once e
unfque geologic -— map -—- -—- once -
features
surface drainage State map - ——- - once -

_Islope USGS map ——— - once -——
generalized geo- State map - .= once -
Togy
physiographic State map -— ——- once -
regions
subsurface State map .- -— once -
drainage
topography USGS map --- ——- once -—-
local relief USGS map -—- - once -
seismic risk zone |USGS map - —e- once ———
surface geology - map e m-- once -
bedrock geology - * |map - --- once -—-
bedrock surface - map .—- - once -
. contour
Minerals number of wells Mining, Gas, |table -—- - annual ——-
Resources and 011
: Companies
reservoirs penc Mining, Gas, |table -—— .. annual .-
trated : and 0il
i Companies
amo;unt produced Mining, Gas, |table - ~ee | annual -, é
‘ and 011 :
L ‘ Comapnies ‘
rec‘overiy cos Mining, Gas, |table - e annval .-
and 0il
Companies

T®
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Table -A-10:

DATA NEEDS AND CHARACTERISTICS - LAND USE

PLANNING: STATE LEVEL

(continued)
RESO- | FREQUENCY
CURRENT LU~ OF TIME
DATA TYPE DATA HEED SOURCE FORMAT SCALE TION UPDATE CONSTRAINT COMMENTS
reserve estimates [Mining, Gas, {table - -—- annual -——-
and 0il
Companies
extent of mining Mining, Gas, |table ——— .- annual .—-
and 0il
Companies
material extracted [Mining, Gas, |table ——- - annual ---
and oil
Companies
historical mining [State e- - - once .-
types of minerals [State map 1:250,000 - once .-
mineral grade State table -—- -—- once ———
mineral origin State table - -— once -
estimated re- State table .- - 5 years .-
serves
$ value of mine- State table -— - 5 years -
rals
access to market State table .- -—- 5 years .-
profitability to State table - ——— 5 years -
mine
coal and mineral State table -—- ——— once -
quality
strip mine loca- U.S. Council [map 1:24,000 - 10m 2 years -
tocation and on Environ- i
inventory mental Qua-
Tity
étrip mine U.S. Council |table - - 2 years -
acreage on Environ- :
: mental Qua-
T lity
strip mine condi- [U.S. Council |table | ~—- .- 2 years ' .-
tion on Environ-
mental Qua-
Yity
Energy inventory of fuel |[State table - e annual —--
0il consumers
H iinventory of L.P. |[State table L em- -—- annual -
gas consumers
inventory of in- !State table R -=- | annual .-
terruptable
natural gas con-
sumers
fuel consumption State table - - annual -
estimates .
service station State table .- e annual =e
inventory
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Table A-10:

PLARNING: STATE LEVEL
{continued)
RESO- | FREQUENCY
CURRENT LY- OF TIME
DATA TYPE DATA MNEED SOURCE FORMAT SCALE TION UPDATE CONSTRAINT COMMENTS
Recreation vater-related re- |State table -—- - 3 years .-
creational activi-
ties
state forests State table .- ——— annual -
visitors per year
recreational acti- {State table ——- - annual ce-
vity spectrum in
state forests
travel times to State table ——- -—- once ——-
state forests
state park State table -—- ——- annual -
attendance
canping areas by ——- table - 20m annual -
type and density map
historical sites State map 1:250,000 - once -——
prehistoric sites [State map —-- - once ——-
size of parks State table m- — 5 years -
length of trails State table .- -—- 5 years -—-
Yocation of exist- State map 1:250,000 40m 5 years —-
ing parks and
1:24,000
location of po- State map 1:250,000 --- 5 years .-
tential parks and
1:24,000
location of natu- State map 1:250,000 - 5 years -—-
ral and scenic and
parks 1:24,000
camping permits State table .- ——- annual ——
sold
inventory of State table - —— 5 years .
public and pri- -
vate recrea-
tional facilities
recreation demand |State table ——- - annua)l -
estimates
inventory of State map 1:250,000 40m 5 years .c-
natural arecas and
1:24,000
Transportation|road inventory State map - --= |5 years .-
traffic data State tabular - —- annual -
general county State map 1:24,000 ——- - -
and city road
tocation
highways Universities Juap - LTS -~ -
wotor freight Universities |map oo cee . P

-

i



DATA NEEDS AND CHARACTERISTICS - LAND USE

Table A-10:

T

PLANNING: STATE LEVEL
(continued)
RESO- | FREQUENCY
CURRENT LU- OF TIME ‘
DATA TYPE OATA NEED SOURCE FORMAT SCALE TION UPDATE CONSTRAINTS; =~ COMMENTS
state population Census table -— - 10 years -
by age
years of educa- Census table - .- 10 years -
tion
3
Services urban services Census table -- - 5 years ———
regional services [Census table . --- - 5 years ---
drinking water U.S. Army table - -—— 5 years -
availability Corps of
Engineers
health care RPC*s table -—- - 5 years -—-
facilities
emergency medi- RPC's table - .- 5 years .-
cal service
generalized soil | - table —ae ——- § years -
Vimitations for
use of septic
tanks
Socio- number of welfare {Dept. of table -— - annual ——-
Economic- recipients Social Ser- ]
General vices in MO.
number of welfare |Dept. of table -—- .- annual -
payments Social Ser-
vices in MO.
poverty guide- HEW table - — 12 years —-—
lines Economic
Development
Administra-
tion
value of land Census table - ——— anﬁua] -
value of build- Census table ae- --- | annual —
ings i
value of machinery |Census table ——- ——— annual -
value of equip- Census table .- - annual -
ment
earnings by indus- |Census table -——- -—- annual .-
trial sector
hourly wage rates = |Census table —e- -—- annual .-
gross regional Census table .- --= | annual ca-
product
gross county Census table -e- w.e annual -
product
total regional Census table == .- 10 years P
employment by
oécupation
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DATA NEEDS AND CHARACTERISTICS - LAND USE
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Table A-10:

PLANNING: STATE LEVEL
(continued)
RESO- | FREQUERCY
CURRENT LU- oF TIME
DATA TYPE DATA NEED SOURCE FORMAT SCALE TION UPDATE CONSTRAINT COMMENTS
pipelines Universities |map -—- ——— .- -
railroads Universities |map .- - -—- -—-
airports Universities |map ——- um — ——-
waterways Universities |map ——— .e- -—- ——-
Land Use land ownership County Ab- map -—- 40m annual ---
stract Re-
cords Office
land: boundaries County Ab- map - —— annual ——
stract Re-
cords Office
land: plats County map -e- .- - -
Courts )
i:urrent land use Regional map 1:250,000 40 annual -
Planning and
Commission 1:24,000
ﬁousing estimate Private Air |image - ——- annual -
: Photo Firms
urban base Regional map 1:9,600 - 5 years -
Planning
Commission
land use change ——= map 1:550.000 40m annual -—-
an
1:24,000
major public -— map 1:24,000 40m 5 years ———
open space :
- lands of special - map 1:24,000 - annual --=
public policy i
_ designation !
Socio- density rural/ Census table -—- —- annual -—-
Economic- urban
Population
locational Census table - -—- annual ca-
patterns
number of families |Census table - ~== |10 years - j
/houschold
projections of Census table -— - 3 years - i
population :
percent of fami- Census 'table - -—- 10 years .- :
Yies by income
level
median family Census table -— -—- 10 years ---
income :
current popula- Private Air limage e - ‘annual -
tion estimates Photo Firm
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w ' DATA NEEDS AND CHARACTERISTICS - LAND USE
o PLANNING: STATE LEVEL
- (continued)
i
4. RESO- | FREQUENCY
CURRENT LU- OF TIME
DATA TYPE DATA I'EED SOURCE FORMAT SCALE TION UPDATE CONSTRAINT COMMENTS
. total regional Census table - === |10 years -—
i employment: by
: industry
men and women Census table ’ - - 10 years -—
: in civilian work
; force
' economic factors Regional table -— -—- annual ——-
. . influencing urban | Planning
. v development Conmission
financial re- Regional table -— -—- annual —--
sources of urban Planning
areas Comission
employment trends } Dept. of table - - annual -
Labor and
r Industrial
o Relations
in MO.
average annual Division of [table ——- ——- annual ---
3’ : employment Employment i
1 Security ;
¢ !
total employment Division of |[table —- ——- annual - H
{by county) Employment L
Security
percent employ- Division of |table - ——— annual - s
ment (by county) Employment v
Security :
total percent Division of [table see -— annual - {
unemployment Employment ’
Security ‘
: starting wage for |Division of |[tatle ——- - annual - ;
; B selected occupa- Employment i
: : tions Security V
: estimates of USDA table - --= | annual ~—- ,
. i agricultural SRS {
i { Yabor L
' E per capita income |Census table - ——- 10 years .- {
t 1
v 1
: median earnings Census table - —e= | 10 years e . §
{ for sclected : i
t occupations ‘ 5
1 : [
! sales tax —-- table -- «-= | annual - Pept. of Consumer !
! receipts ‘ Affairs in MO. e
tourist expendi- ——- ‘table ——- -——- annuatl fmm- Dept. of Consumer :
tures g Affairs in MO,
P bank deposits .= table - ——- annual --- Dept. of Consumer .
’ ‘ ‘ Affairs in MO, :
‘ new jobs —a- table - —e= | annua) -w= pept. of Consumer '
; Affairs in MO. .
[ ) manufacturing in- | --- table — - annual s Dept. of Consumer RS
’ ‘ vestuent 1 , ' Affairs in MO, 7
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Table A-10:

DATA HEEDS AND CHARACTERISTICS -~ LAND USE
PLANNING: STATE LEVEL

(continued)
. RESO~ | FREQUENCY
CURRENT LU- OF TIME
DATA TYPE DATA REED SOURCE FORMAT SCALE TION UPDATE CONSTRAINT COMMENTS

square feet of — table -— - annual -—- Dept. of Consumer
industry Affairs in MO.
jndustrial pro- ——— table ——— ——— annual —— Dept. of Consumer
ducts Affairs in MO.
Yocation of indus- -—- table -—- ——- annual -— Dept. of Consumer
try Affairs in MO.
industrial payroll -— table ~—— ——- annual —— Dept. of Consumer

Affairs in MO.
railroad accessi- -— table - —— annual ——— Dept. of Consumer
bility to industry Affairs in MO.
labor force charac- - table =-- -e- annual - Dept. of Consumer
teristics Affairs in MO.
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Table A1
. Data Needs and Characteristics - Land Use
Planning: Regional and Local Level
RESO- | FREQUENCY
CURRENT LU- OF TIME
DATA TYPE DATA NEED SOURCE FORMAT SCALE TION UPDATE CONSTRAINT COMMENTS
Agriculture livestock prices State table - - annual - I.isting from
MO3 assumed for
other states
grain prices State table 5=- === |annual ——
market trends State table - ——— annual .-
livestock receipts |[State table - - annual .-
square feet of State table - - once -
glass per green-
house
degree of crop State table - -—- annual -
damage ;
Tivestock acreage [USDA table == -— annual .-
SRS
crop acreage USDA table --- - annual -
SRS
crop location USDA table - ——- annual o=
: © JSRS
crop production USDA table ——- -——- annual -—
SRS ’
total farms Census graph —— .- annual .-
Vegetation type of vegeta- USDA map - 1:250,000 40m 5 years ———
tion cover USCs
type of vegeta- USDA table 1:250,000 -—- 5 years -
tion acreage USCs
-~ locational UspA map 1:250,000 40m 5 years ——-
pattern of vege- Uscs ‘
tation cover
L]
Soils sofl locational SCS map 1:24,000 500'- |once ——
patterns 1000° :
- % |
slope scs map 1:24,000 - fonce --- O
G
permeability State table - -——- once - *00‘9,\

’ bearing strength |State table .- --- |once - Qp@&
shearing strength - {State table - ——- once —— p@ \;&
composition State table a—- -~= lonce . & '

| NG
sofl type SCS table - - once - i g_f, s
sofél series name SCS table —— - oncn -—-
or number 1
sofl fertility SCS table .= - once can
physical proper- SCS table oea e once -
ties -
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Table _A. 1N

Data Needs and Characteristics - Land Use

Planning: Regional and Local Level
(continued)
RESO- | FREQUENCY
CURRENT Lu- OF TIME
DATA TYPE DATA NEED SOURCE FORMAT SCALE TION UPDATE CONSTRAINT COMMENTS
subsurface State map 1:250,000 500* or |once, as ce-
drainage better |needed
topography USGS map 1:500,000 500' once, as -—- 10* contours
needed
local relief USes map 1:24,000 - once, as -
needed
seismic risk zone [E.S.S.A. map 1:24,000 —-- once, as -——
Coast and needed
Geodetic
Survey
USGS
terrain type E.S.S.A. map 1:24,000 — once, as —
Coast and needed
Geodetic
Survey
USGS
geochemical pro- USGS table - - once, as ———
perties : needed
rock type USGS table —— ——- once, as ——-
needed
geologic units )
structure of USGS table - -—— once, as -
unit ‘ needed
orientation of UsGs 1table .- --- |once, as -
unit needed
depth to bedrock [USGS table ——- - once, as -
1 needed
- thickness of UsGS table .- - once, as -
bedrock needed
geomorphic fea- USGS table - -— once, as -—-
ture type P needed
~geomorphic fea- USGS table --- - once, as -—-
ture orientation i needed
gedlogic history JUSGS table —— -—- once, as .-
needed
tectonic data UsSGS table ——- .- once, as -
! needed
areal extent USGS table = .- once [
age USGS table ——- -—- once —-- ¢
correlative units {USGS table ——- — once --
topographic cross- }State diagram .-- - once ---
section
foundation depth |State text - ---  Jonce com
requirements
enginecring geo- State map 1:500,000 --- once -—-
togy ’
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Table A.11
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Planning: Regional and Local Level
(continued)
RESO- | FREQUERCY
CURRENT LU- OF TIME
DATA TYPE DATA NEED SOURCE FORMAT SCALE TION UPDATE CONSTRAINT COMMENTS
M thickness SCS table - - once -—-
erosion SCs table - -——- once ---
engineering pro- SCS table ——— -- once -
perties
Forestry forest cover loca- | State map 1:250,000 500°- once ——— Division of
tion ' 1000 Forestry in MO.
‘forest conversion [State map 1:250,000 —- annual .-= Division of
Forestry in MO.
reforestation State map: 1:250,000 - annual .- Division of
' : Forestry in MO.
recreational State table --- - annua? --- Division of
opportuni ties Forestry in MO.
tree stand size State table - ——— annual - Division of
Forestry in MO,
amount of tree State table —— — annual ---
harvest
use of tree State table - w== | annual -
harvest
timber volume State table - - annual ——
estimates
Hildrife habitat charac- State table . a== |5 years - Division of
teristics Hildlife in MO.
wildlife (exist- State table -—- .- annual --- Division of
o ing) Wildlife in MO.
Water intensity of State table ——— - 6 months --—-
poliuting agent
effects of pollu- |[State table ——— —— 6 months -
tion on aquatic
habitat
aquatic popula- State table - --- 1annual -
tion
impact of recrea- |State table > ——n - annual -
tion type on .
aquatic habitat
impact of flood- State table ——- ~-= lannual -
plain construction
on aquatic habi-
tat
physical altera- State table -—- - annual cee
tions of water
bodies
surface water Universities [map 1:24,000 10m once, or ——-
as needed
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Data Needs and Characteristics - Land Use

Planning: Re?ional and Local Level

Table A 11

Continued)
RESO- | FREQUENCY
CURRENT LU~ OF TIME
DATA TYPE DATA NEED SOURCE FORMAT SCALE TION UPDATE CONSTRAINT COMMENTS
tream flow -—- table --- - monthly —
round water - table —— - once, or .-
vailability as needed
lobdplain loca- u.S. Army map 1:250,000 10’ once, as -
tion Corps of needed
Engineers
[fYoodprone area U.S. Army map 1:250,000 10' once, as -
location Corps of needed
Engineers
major floods U.S. Army — p— --- |as needed -
Corps of
Engineers
surface water ——- ——- m—— -—- annual -
quality .
lground water —— - - w==  |annual -
quality
run-off rate - - — —— annual -
dam location State imap 1:250,000 40m once —-—-
dam type State table - .- annual -
dam condition State table ——— - — -
volume of dam State table —— -—- once -
impoundment
dam height State table -—- --= |once .-
stream flow Regional map 1:250,000 500- ——- ——
characteristics Planning 1000
. (gaining vs. Commission,
N losiing) with MO.
. Geological i
Survey :
stream discharge U.S. Army table -—- - monthly .-
: Corps of |
. Engineers i
groundwater level |[State table .- - 2 years .-
ground water flow [State table e —-- once ce-
ground water use State table - ee 2 years -—-
ground water State table ——- - 2 years -
availability
reéharge area State Jnap —- ——- once -
water well State map 1:50,000 500'- (5 years -
location 1000
major streams and [USGS map 1:50,000 - | 10' once -
water sheds - :
water shed USGS table - - 5 years ces
characteristics
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Data Needs and Characteristics - Land Use

Table A.1

Planning: Regional and Local Level
(continued)
RESO- | FREQUENCY
CURRENT LU- OF TIME
DATA TYPE DATA NEED SOURCE FORMAT SCALE TION UPDATE CONSTRAINT COMMENTS
water-bearing State map 1:250,000 .-- once -
limestone forma-
tions
we)l depths and State graph -— .- -—- -—-
yields
Air Quality location of point |State map 1:24,000 10m annual -—-
i source
size of point State table .- - annual -
source
area source State map 1:24,000 10m annual ---
ambient air State table - - monthly e-
sampling
gaseous and parti- |Universities | table -—- .. monthly -—-
culate air pollu-
tion
radioactivity Universities | table [ - ——- monthly -
air turbidity Universities | table - .e- monthly —--
Climate/ weather records: - table ——- - monthly —-
Meteorology temperature
Wind
precipitation
inversion
probability
earthquake NOAA -—— —— ——— - -—
history
Solid Haste sanitary landfill |State map 1:24,000 10! 2 years -
sites ‘
solid waste pro- |State map 1:24,000 10" |2 years -
ceéssing facility
sites
s0lid waste State text - - 2 years -
management plans ‘
solid waste State table - - annual -—-
generation data
Geology surface drainage - |State ? map 1:24,000 10m |2 years -
slope USGS | map 1:24,000 10m |once, as -
B ; : needed
gencralized geo- |State {map 1:250,000 40m  |once, as .
logy ! needed
physiographic State map 1:250,000 | 500* or |once, as
regions better | necded
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Table A.11
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Data Meeds and Characteristics - Land Use

Planning: Regional and Local Level
(continued)
RESO- | FREQUENCY
CURRENT LU- OF TIME
DATA TYPE DATA NEED SOURCE FORMAT SCALE TION UPDATE CONSTRAINT COMMENTS
Mineral: number of wells Mining, Gas, {table -—- - annual -—-
Resources and 0i1
Companies
reservoirs pene- Mining, Gas, |table -——- ——- annual -
trated and 0il
Companies
amount produced Mining, Gas, |table -— - annual -—-
and 0il
Companies
recovery cost Mining, Gas, |table —— coe annual o=
and 0i1
Companies
reserve estimates |Mining, Gas, |table ——— - annual -
and 011 .
Companies
extent of mining Mining, Gas, {table - -— annual -
and 011
Cempanies
material extracted [Miaing, Gas, [table -—- —— annual e
and 0il
Companies
historical mining |[State table .—- - once .--
types of minerals |[State table -—- - once -—-
mineral grade State table —— - once ——-
mineral origin State table --- - once ——-
estimated re- State table -—- ——- annual ——-
. serves
dollar value of State table -——— - annual -
minerals
access to market State table - - annual -
profitability to State table -— -——- annual .-
mine
overburden thick- |State table - - annual -
ness
coal and mineral State table - .- once cm-
quality
strip mine loca- U.S. Council [map 1:24,000 10° annual ce-
tion and inven- on Environ- |table
tory mental Qua-
lity
strip mine U.S. Council [map ——- - annual m--
acreage on Environ-’ table
nental Qua-
, ‘ lity
miner;ﬂ resources ([State map +1:500,000 500'- - ---
1000
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Table A.11

Data Needs and Characteristics - Land Use
Planning: Regional and Local Level

(continued)
RESO- | FREQUENCY
) CURRENT LU- OF TIME
DATA TYPE DATA NEED SOURCE FORMAT SCALE TION UPDATE CONSTRAINT COMMENTS
Energy inventory of fuel [State table -e- --- annual ---
0il consumers
inventory of L.P. |State table - -——- annua? ---
gas consumers
inventory of in- |[State table - - annual -
terruptable
natural gas con-
sumers
fuel consump-’ State table - - annual -
tion estimates
service station [State table -—- ——- annual —
inventory
Recreation historic sites State map 1:24,000 10m once ———
prehistoric State map 124,000 10m once ~—
sites
size of parks State table .—- -—- as needed ---
Jength of trails |State table ——— -—- as necded -
1location of State - | map 1:24,000 10m as needed -
existing parks
location of po- State map ——- -—- as necded -—-
tential parks
location of State map 1:24,000 10m as needed —e-
natural and
scenic areas
camping permits State table - .- annual -
sold
inventory of State table .- -== |as needed ---
public and pri-
vate recreation-
a) facilities
reéreation de- State table - - annual -
mand estimates
inventory of State map .- - as needed - Division of
natural areas Fisheries in MO.
water-related State *- |table -—- .- annual --- Division of
recrcational : Fisheries in Mo.
activities
travel times State table - .- once - Division of
to state Fisherics in Mo.
forests
recreational |state table e annual - { Division of
activity spec- : ‘ : Fisheries in MO,
trum in state
! forests
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Table A
Data Needs and Characteristics - Land Use
Planning: Regional and Local Level
(continued)
RESO- | FREQUENCY
CURRENT LU- OF TIME
DATA TYPE DATA NEED SOURCE FORMAT SCALE TION UPDATE CONSTRAINT COMMENTS
state park State table - - anpual ---
attendance
Transporta- road inventory State map - - once, or -—-
tion as needed
traffic data State tabular - .—- annual -
general county State map - - as needed -
and city road
locations
highways Universities |map - - ——— ——-
motor freights Universities | map -—- - wee -
pipelines Universities |map - - com -
railroads Universities |map -— — —— ——
airports Universities |map ——— -——- —— -
: and local
airports
fwaterways Universities {map -— - ——— -—
address range - - - ——— —— —-
registered air- State 1table - - - ———
craft
travel distance survey table - .- as needed -—-
to work
Land Use land ownership County Ab- [map 1:24,000 - annual - on parcel basis
stract Re- in urban areas
- cords Offices
land boundaries County Ab- map 1:24,000 - as needed -
! stract Re-
cords Offices
"Ian:d plats County Courtsimap ——- .—- as needed ---
curfent land Private Air |image 1:24,000 - annual .- levels I, II, III,
use Photo Firms 1:9600 in and 1V in urban
i urban areas areas
housing estimate {Private Air [image - ——- once, as -.-
‘ Photo Firms needed
urﬁan base Regional map 1:9,600 - annual .-
: Planning
Commissions
condition of Field survey { --- - - - -
structures
undcveioped land }County graph - -—- annual .-
Planning
Dept.
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Table A.11

Planning: Regional and Local Level
(continued)
RESO- | FREQUENCY
CURRENT Ly- OF TIME :
DATA TYPE DATA NEED SOURCE FORMAT . SCALE TION UDPATE CONSTRAINT COMMENTS
. existing sidewalks| lot-by-lot map 1:2,400 10! annual .-
. and curbs field survey
: neighborhood County map 1:4,800 1/2 A, |annual -
: boundaries Planning
B Dept.
Land Survey |[original govern- [State map - - ——- c_-
Data ment survey
documents
county survey or |State map ——— ——— - -
land documents
Jand subdivision |State map ——— -—— .- .
plats
private land State map - -e- —-- .-
surveys
state boundary State map -—- - - -
surveys
Population population Census table -— - 10 years e
characteristics
percent renter Census table ——— - 10 years e
occupied units
as proportion
of total stock
school age Supt. of table .- -—- annual ~—
population Public
Schools
- public school Supt. of table - - annual - :
enroliment Public :
) Schools
i average house- Census graph - - 10 years -—-
i hold size
i density rural/ Census table - - 10 years .-
urban
locational Census table ——- -—- 10 years -
z patterns
i
| number fami- Census table .—- ——- 10 years -
: lies/household
projections and Census table “—- -—- 10 years .-
trends
percent of fami- |[Census table .- .—- 10 years —e-
lies by income
level
median family Census table --s - 10 years —-s
income '
current popula- Private Air |image - .- 2 years ss-
lation estimates |Photo Firms
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Table AN
Data Needs and Characteristics - Land Use
Planning: Regional and Local Level
(continued)
RESO- | FREQUENCY
CURRENT LU- OF TIME :
DATA TYPE DATA KEED SOURCE FORMAT SCALE TION UPDATE CONSTRAINT COMMENTS
net migration Census table - - 10 yecars ---
place of work Census table m—- .- 10 years -
census tracts Census mp .- con 10 years -
with population
loss
Services public drinking State table -—- - annual .-
water
areas supplied State table --- —-- hnnual -
population State table -—- .- annual L)
served
type of owner- State table ~——- .- annual —— i
ship :
number of ser- State table .—- .- annual - f
vices i
source of supply {State table -—- -—- as needed -
“treatment capa- |{State table -—- - as needed -—
gity
average water State table --- -—- as needed .-
consumption :
treatment pro- State table -—- - as needed .- ‘
cess used
finished water State table - .- as needed ——-
storage
Chemical quality |State table ) .- —-- as needed ——-
bacteriological |State table --- - as needed -
quality
ufban services Census and table - -—- 10 years -
local juris-
dictions
régiona] services |Census and table - --- 10 years -
local juris- ‘
‘ V dictions
public sewage Local treat- |table - .- as needed -
services went com-
: panies
drinking water U.S. Army table ——- -—- as needed ——-
availability Corps of
Engineers
ehergcncy medi- Regional table -- o= as nceded -
cal service Planning
Commissions
natural gas State table - - as needed =
services .
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Table A. 11

Data Needs and Characteristics - Land Use

Planning: Regional and Local Level

(continued)
RESQO- | FREQUENCY
CURRENT LU- OF TIME
DATA TYPE DATA NEED SOURCE FORMAT SCALE TION UPDATE CONSTRAINT COMMENTS
electric services |State table - - as needed -
motor carrier State table .-~ --- as needed -
routes g
barge lines State | table - --- as needed -—
normal truck State i table - - as needed -
delivery
railroads State table ——— -—- as needed —
college and State map 1:250,000 --- 5 years ——-
vocational
technical educa-
tional facili-
ties
percent dwelling |Census graph - 4~ |10 years —-
without plumbing
facilities or
overcrowded
school system County graph ——- e- annual -—-
bonded indebt- School
ness Reports
total school Supt. County |graph .- ne- annual ——-
system operating [Schools
expenses
total school County table - a—— annual -—
districts Government
existing storm Local sewer {map 1:4,800 1/4 acre]annual -—-
water sewers district
higher education {County graph - - a-- annual -
opportunities Planning
per capita Dept.
county library County graph ——- —-- annual -
volumes per Library
capita Annual Re-
port
police officers County Police]graph --- ~-- anntal ———
per 1,000 popu-
lation
major fires County Fire [table - - annual -
Marshall
Socio- major crimes County Police|graph e —— annual -
Economic- !
General
i ‘
iautos registered [County graph - -—- annual .-
: Governsent .
jbuilding permits |County Pub- |graph - - annual ---
1ic Works
bept.
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Table A.11

Data Needs and Characteristics - Land Use

Planning: Regional and lLocal Level
(continued)
RESQ- | FREQUENCY
CURRENT LU~ oF TIME :
DATA TYPE DATA NEED SOURCE FORMAT SCALE TION UPDATE CONSTRAINT COMMENT
total local County graph - -—- annual .-
government ex- Governuent (Census-
‘penditures and Census 10 years)
of Govern-
ment
‘county govern- County graph - - annual -
ment operating Government
expenses
bonded indebt- County graph -—— - annual ——-
ness Government
number of welfare |Dept. of table e - annual ---
recipients Social Ser-
vices in MO.
nunber of welfare |Dept. of table ——- - annual -
payments Social Ser-
vices in Mo.
poverty guide- HEW —-—- -—- ——- ——- -
Tines Economic
Developuent
Administra-
tion
percent elderly Census table ——- .- 10 years -—-
families below
powrty level
percent low rent {Census graph ——— -—- 10 years -
housing units
and Tow valued
owner occupied
units
- value of land Census table —— - 10 years -
value of build- Census table --- [ 10 years -
ings
value of machi- Census - | table e .- 10 years -
nery
value of equip- Census table ——- - 10 years -
ment
earnings by in- Census table —ee - 10 years ---
dustrial sector
hourly wage rates [Census table ——— oo 10 years ——-
gross regionatl Census table -—- L 10 years -——-
product
gross county Census table - c—— 10 years -
product
housing values Census table - -~ |10 years -
subsidized Census table - - 10 years -
housing
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Tabie A1

Pata Heeds and Characteristics - Land Use

Planning: Regional and Local Level
{continued)
RESO- | FREQUENCY
CURRENT LU- OF TIME
DATA TYPE DATA NEED SOURCE FORMAT SCALE TION UPDATE CONSTRAINT COMMENTS
new construction {Field survey/|table -—- --- monthly .-
T building per-
mits issued
by local
government
total regional Census table -—- -—— 10 years -
employment by
occupation
total regional Census table ——— -—— 10 years -
employment by
industry
men and women Census table —— .- 10 years -——-
in civilian
work force
economic factors Regional table .- - annual .-
influencing urban |Planning
development Conmissions
financial re- Regional table - - annual -
sources of urban |Planning
areas Conmissions
employment trends |State graph -- .- annual .-
family income by [Census table —— - 10 years ---
1type
non-agricultural |Bureau of ‘graph --- .- monthly -
employment Labor
Statistics
employment trends |State table ——- ——— monthly -
average annual State table - —— annual .-
employment ‘
total employment [State table -—- == | annual .—-
(by county) ‘
percent employ- State table -——- .= annual -
ment (by county)
total percent State table - --- annual .—-
unémployment
starting wage for |State table - s-- annual -—-
selected occupa-
tions
e$timates of USDA .- o= == |10 years ---
agricultural SRS
labor
per capita in- Census --- e .- 10 years -
come
median earpings Census - - e 10' years -

for selected
occupations

e 4 i
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Table A.1)

Data Needs and Characteristics - Land Use
Regional and Local Level

. e

(continued)
RESO- | FREQUENCY
CURRENT LU- OF TIME
DATA TYPE DATA NEED SOURCE FORMAT SCALE TION UPDATE CONSTRAINT COMMENTS
sales tax receipts|State Ttable —— .- annual -- Dept. of Consumer
Rffairs in MO.
tourist expendi- (State : table -——- --- annual -—- Dept. of Consumer
tures : Affairs in MO.
bank deposits State [ table -—- - annual -—- Dept. of Consumer
) Affairs in MO.
new jobs State table -—— -e- annual -——- Dept. of Consumer
: Affairs in MO.
hanufacturing State table - ——- annual --- Dept. of Consumer
investment Affairs in MO.
square feet of State table -—- e annual --- Dept. of Consumer
industry Affairs in MO.
industrial pro- State table ——- - annual --- Dept. of Consumer
ducts Affairs in MO.
location of State table ~—- - annual --- Dept. of Consumer
industry Affairs in MO.
industrial pay- State table .- .- annual -—- Dept. of Consumer
roll Affairs in MO.
railroad accessi- |State table - - annval - Dept. of Consumer
dbility to indus- Affairs in MO.
try -
Yabor force State table -—- - ainual .- Dept. of Consumer
characteristics Affairs in MO.
Bureau of
employment growth {Labor Statis-{graph -—- c-- 5-10 years .-
; tics & Census
manufacturing State table e oe annual -
data
firm identifi- State table ——- --- . | annual .-
cation @
- address
' spokesman .
| products ;
. employment
 location
'wholcsale trade Census table .- - 10 years ---
fetail trade Census table - — 10 years see
economic acti- Regional map 1:500,000 eee 12 years .-
vity centers Planning
i Commission
i‘land boundaries Local commu- |maps or |1:2,400 10 as needed ---
i nity govern- {CCT's :
ment
zoning Local coumu- [maps or }1:2,400 10! as needed -—-
ﬂ] t.y gov‘crn— CC‘T'S :
ment i

e rm———
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Table A.11

Data Needs and Characteristics - Land Use
Planning: Regional and Local Level

(continued)
RESO- | FREQUENCY
CURRENT LU- OF TIME
DATA TYPE DATA NEED SOURCE FORMAT SCALE TION UPDATE CONSTRAINT COMMENTS
political Local conmu- |[maps or — —— as needed -—
subdivisions nity govern- [CCT's
ment
school districts {lLocal comnu- |maps or -—— ——- as needed -—-
nity govern- |CCT's
ment
fire districts Local commnu- {maps or --- - as needed -
nity govern- |CCT's
ment
comprehensive Local comnu- [maps or ——- ——- as needed -
plan nity govern- |[CCT's
ment
incorporated Census table - - 10 years -
cities
unincorporated Census table - --- 10 years -
areas
proposed rczoning |[Petitioner, |text 1:2,400 ——- with each -
his archi- new propo-
tect and i sal (appro-
lawyer ximately
) 200 each
year per
agency)

v
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A..10 TRANSPORTATION
The data needs o% transportation agencies at the state Tevel are
shown in Table A 42, based principally on analyses of needs in I1linois

and Missouri. A limited amount of information was available for Iowa,

Minnesota, and Wisconsin. For Wisconsin, we used the report of Miller

and Nieman (A-4) as a basis. The data needs are organied according to
data type rather than by task.

Data are required for the broad functions of modal selection;
corridor and route location; and design, construction, and maintenance
of facilities such as highways and airports. The National Environmental
Policy Act and the concept of integrated, inter-modal transportation
planning have combined to expand greatly the range of data needs of
transportation agencies, including highway departments. These new needs

make up a large number of the items which appear in this table.
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Table A.12 Data Hoeds and Characteristics Transportation
DATA TYPE DATA NEED CURRENT SOURCE FORMAT SCALE RESO- | FREQUENCY TIME COMMENTS
LU- or CONSTRAINT
TION UPDATE
Transportation| automobile trips tapes, 8 5-10 years
Activities origin/destination files, g
maps , &
tables °
]
traffic forecasts tapes, a 5-10 years
files, z
maps , %
tables o
vehicle weight/ U.S. Urbanized tapes, annual
passenger Area Transpor- files, .
tation Census maps,
Studies and tables
State Depts. of
Transportation
truck weights " tapes, bi-annual
files,
maps,
tables
commodities hauled " tapes, \\% 5 years
files,
maps ,
tables
county highway maps | aerial photo maps 1:63340 annual
location of consultants maps 1:633400 annual
vaterways
city maps field inspection| meps 1:9600 annual
1:14400
utilities consul tants maps 1:633440 annual
pipelines consultants maps annual
electrical trans- consultants maps annual
mission lines .
barge 1ines . consultants maps annual
motor carrier consultants maps annual
routes
airports consultants maps annual
number of aircraft maps and annual
and location base tapes,
tables
highway jurisdiction]| regional offices| magnetic annual
tapes
pavement width regional offices] magnetic annual
tapes
roadside features regional offices| magnetic annual
] tapes
surface conditions regional offices| magnetic
tapes
bridge conditions regional offices| magnetic
tapes
\ .
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Table A.12 Data Needs and Characteristics Transportation

{continued)
DATA TYPE DATA NEED CURRENT SOURCE FORMAT SCALE RESO- | FREQUENCY TIME COMMENTS
LU- OF CONSTRAINT
TION UPDATE
accidents regional offices| magnetic
tapes
production and State Water
transportation of Survey
hazardous sub-
stances near water
supply
Highway Design| aerial imagery for in-house 9"x9" by projects
Information highway location air-photo prints
prints
aerial imagery for in-house 9"xq" by projects
highway design air-photo prints
facilities
topographic maps aerial photos maps urban areas by projects
derived from 1:600
aerial imagery rural areas
1:1200
microfilm records by projects
of structure
: design
Political fire districts Districts maps 9y 1-2 years
Subdivision g0z
and Land comprehensive plan Plan Commission | maps o |1-2 years
Survey Data o
zoning -~ - v 7 |1-2 years
school districts Districts maps \l/ 1-2 years
original government ‘ }
survey documents {
land subdivision
plans
benchmark locations
triangulation and
transit station
locations
state coordinate maps cards/ 1 footlnot appli-
system location tape cable
Geologic mineral resource USGS maps {1:24,000
Information maps
mineral grade :
historical mining USGS maps 1:24000
earthquake history
seéismic risk zones
stratigraphic USGS
relations State GS
géo]ogica] maps USGS maps 1:24000 not appli-
cable

locgl relief
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Table A.12 Data Needs and Characteristics Transportation
(continued)
DATA TYPE " DATA NEED CURRENT SOURCE FORMAT SCALE .| RESO- [FREQUENCY TIME COMMENTS
LU~ OF CONSTRAINT
TION UPDATE
topographic cross-
section
slopes
Soils type Burcau of Soils,| maps 1:62500 not appli-
. USDA cable
series name or # ' Bureau of Soils,] maps 1:62500 not appli-
USDA cable
fertility Bureau of Soils,| maps 1:62500 not appli-
USDA cable
location Bureau of Soils,| maps 1:62500 not appli-
USDA cable
physical properties | Bureau of Soils | maps 1:62500 not appli-
USDA cable
soil moisture State Water
Survey
Environmental | observed air quality] U.S. EPA and maps andj 1:9600 annual
Quatity measures of CO, HC, {—DOT tables
and NOx for all
transportation
facilities
point sources of U.S. EPA and maps and] 1:9600 annual
air poliution potT tables
area sources of - State EPA and maps and| 1:9600 annual
air poliution DoT tables
highways State EPA and maps andj 1:9600 annual
DOT tables
airports State EPA and maps and} 1:9600 annyal
) DOT tables
forests
sanitary landfill
sites
demolition landfil)
sites
Strip mine location | State Geologi- maps 1:9600 annual
t cal Survey
water run-off State Water
quality Survey
flood plain loca- State Water maps 1:24000
tion Survey
flood prone area State VWater maps 1:24000
location Survey
flood plain area State Water maps 1:24000
Survey

weather records

Weathier Bureau

. e m m
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Table A.12 Data Needs and Characteristics Transportation
(continued)
DATA TYPE DATA NEED CURRENT SOURCE FORMAT SCALE RESO- | FREQUENCY TIME COMMENTS
LU- OF CONSTRAINT
TION UPDATE
Water - dam location/ State Water
Resources condition Survey
[ location of lakes State Water
| streams and rivers Survey
stream discharge State Vater
Survey
ground water use State Water
Survey
i . Recreation, boundary descrip- State Park maps 1:9600
Parks, and tion of parks Service
i Conservation
attendance at parks { State Park tables annual
Service
potential park State Park maps 1:9600 1-2 years
N sites Service
natural and scenic State Park maps 1:9600 1-2 years
areas Service
i historic and Hlatural History | maps and} 1:9600 1-2 years
' archaeological Survey tables
sites
recreation areas: Regional Plann- { maps 1:10500
i ownership and ing or Park
' Jurisdiction Service
- major uses (camp- Regional Plann- | maps 1:10500
: ing, hiking, etc) ing or Park .
| Service
vegetation location maps and| 1:15840
tables
protected plants maps and ‘
tables
wildlife species, environmental maps and
location, and inventory tables
population
rare and endangered | environmental maps and
species inventory tablies i
Commercial retail trade Regional Plann~ | maps o8 (1-2 years
Activity ing Agencies, o
cities, others oo
[
i wholesale trade Regional Plann- | maps _r;:: 1-2 years
: : ing Agencies, -
! cities, others o
value of land Regional Plann- | maps 1-2 years
ing Agencies, ‘
cities, others
vaiue of buildings Regional Plann- | maps 1-2 years
ing Agencies,
citias, others
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Table A.12 Data Needs and Characteristics Transportation
continued)
DATA TYPE DATA NEED CURRENT SOURCE FORMAT SCALE RESO- | FRENUENCY TIME COMMENTS
LU~ OF CONSTRAINT
TION UPDATE :
location of energy Public utilities] maps [ a 1-2 years
facilities State Public photos 1 %
Sgrvicc Commis- ‘ 2
sion {1 =
crop production State Dept. of maps g 1-2 years
Agriculture aQ
USDA 2
H
livestock environmental maps and -
inventory tables ]
(2}
recreational State Dept. of maps - 1-2 years
activities Conservation
commercial services -—- .ee 1-2 years
- sales tax receipts tables one year
or less
new jobs tables one year
or less
investment | tables one year
i or less
sq. feet tables one year
or less
products ' tables one year
or less
location tables one year
or less
payroll tables one year
or less
location of public Regional Plann- | maps v 1-2 years
service facilities ing Agencies, photos i i
cities, others
Industrial specifications Conmerce or méps,
Facilities Industrial tables
Development
Commnission
available financing { Commerce or maps,
Industrial tables
Development
Comnission
utilities Commerce or maps,
Industrial tables ;
Developrent :
Commission
land Commerce or maps,
Industrial tables
Development
Comnission
special features Comnierce or maps ,
Industrial tables

Development
Conmission

ORIGINAT! PAGE IS
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Table A,12 Data Needs and Characterisiics Transportation
: (Continued) ’
DATA TYPE DATA NEED CURRENT SOURCE FORMAT SCALE ;. | RESO- | FREQUENCY TIME COMMENTS
{ LU~ OF CONSTRAINT
TION UPDATE
transportation Commerce or maps,
alternatives Industrial tables
Development
Commission
acreage of indus- State Commerce files
trial sites and Industrial
Development
Commission
utilities on Public Service files
industrial sites Commission or
Utility Com-
panies
railroad accessi- companies
bility
. zoning Jocal authori- maps
ties ‘
Labor Force age State Dept. of | tables one year ;
. Labor or less
sex State Dept. of .| tables one year
: Labor or less 1
. skills State Dept. of tables one year :
Labor or less
- % unemployment . State Dept. of tables one year
Labor or less
Population location census tapes, magnetic o 1 year or
regional tapes, g less
agencies tables e
place of employment | census tapes, magnetic : 1 year or
regional tapes, b less
agencies tables a
H 3
B projections census tapes, magnetic f § 1 year or ;
regional tapes, ! - less !
agencies tables : o ‘
: o
number families per | census tapes, magnetic : 7" 1 year or }
household regional tapes, : less !
agencies tables i i
dwelling type census tapes, magnetic : 1 year or :
regional tapes, ; less :
agencies tables : :
' income levels census tapes, magnetic r 1 year or :
regional tapes, less
agencics tables ¥ .
nunber welfare census tapes, magnetic 1 year or :
recipients regional tapes, : less
: agencies tables :
percentage of census tapes, magnetic ‘ 1 year or
families by income regional tapes, v less
level agencies tables '

(e b iy
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R Table A.12 Data Needs and Characteristics Transportation
. (Continued)
o DATA TYPE DATA NEED CURRENT SOQURCE FORMAT SCALE RESO~ [FREQUENCY TIME. COMMENTS
. LU- OF CONSTRAINT
N i TION UPDATE :
i B q
! f median family income| census tapes, magnetic o 1 year or
i regional tape, 5 less
‘; ‘ agencies tables o
! . =.
; density census tapes, magnetic 2 1 year or
§ regional tape, : 3 less
: agencies tables : a |
: ; [} ;
f ethnic and religious : magnetic § not fully
N distribution ' tape, - -+ available
: tables o
X : ; 2 | ; H
Jocation of magnetic S : o not fully
illiterate persons tape, . £ ; available
tables
i location of non- . magnetic i : 5 ‘not fully
: drivers tape, : | i available
g tables '
i : Tocation of magnetic i 'not- fully
. handicapped persons tape, available
tables
: sb \[
¢
i.
a: 2 {
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A. 11 WATER RESOURCES

].

Terms needing explanation are:

Rate of Recharge - the rate at which a water source is being re-

supplied.

Demand Schedule - the times of demand and amounts of water needed

from a reservoir,

Constrictive Works - the types of structures which constrain water

in a stream to flow in a well-defined channel.

Hydraulic Head - Pressure of water upon a unit area due to the

height at which the surface of the water stands above thé point
where the pressure is measured.

Piezometric Surface - an imaginary surface that everywhere coin-

cides with the static level of water in an aquifer.

Structure of Aquifer - the physical orientation and shape of a

water-bearing rock unit.
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Data Needs in Water Resources by

Task and Data Characteristics
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Subtasks and e Z g £ bar 5> S < < i
Characteristics a w = @ - = x w R
Public Inquiries on
Ground MWater
Hater Resource Studies
Aquifer Water Yield :
Information
Inventory Surface '
Water Bodies X X X X X
Surface Water . .
Resource Studies X X X X X X X i X
|
Flood Plain Manage- j
ment Studies | X
Logging of Observa- 3
tion Well Network
Current Source in-house [USGS USGS USGS USGS, SCS | in-house | in-house | in-house {in-house
1 on site ASCS, NASA| on site on site on site and mea-
. investiga- USFS, investiga-| investiga-| measure~ [surement
tion in-house | tion tion ment
Format aerial topogra~ {topogra- topogra- | aerial and| text text text Jtext
photos. phic map {phic map phic and | spacecraft] aerial
text slope imager photos
maps land cover]
maps
Scale ¥:24,000 |1:24,000 [1:24,000 1:24,000 | 1:24,000 |1:24,000 ——- - -—
or larger 1:250,000 .
Resolution “12m or less 2m 2m 2m - 10m {2m - 80m | < 2m - —— o
' on slope
20nes
Frequency.of Update 5 ~ 10 yrs{20 ycars |20 years 20 years |annual - }daily if }daily if [daily if |daily if
. 10 years. | needed 1 needed needed needed
Time Constraint 6-8 weeks [6-8 wecks [6-8 wecks | 6-8 weeks | 12-16 < 28 hrs. }< 24 hrs. |< 24 hrs. |< 24 hrs.
weeks
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Table A-13: Data Needs in Water Resources by
Task and Data Characteristics

(continued)
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Aquifer Water Yield
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Inventory Surface
Water Bodies
Surface Yater
Resource Studies
Flood Plain Manage-
ment Studies X X X X X X - X
*.Logging of Observa-
tion V¥ell Network
Current Source UsGs, USGS USGS USGS usGs ‘|USGS Corps of
i ASCS, SCS | NASA in-house [Corps of |[in-house [in-house Enginecrs
in-house | in-house Engincers Dept. of USGS
Commerce
Format aerial and|zerial and|text flood and - [text text topogra-
satellite |satellite jaerial stream aerial phic maps
imagery imagery imagery flow data  |imagery and civil
topogra- | lopogra- : works
phic maps |phic maps : : : maps
Scale '1:24,000 |1:24,000 ([1:2,000 ~—— —— ——— 1:24,000
11:125,000 ]1:125,000 ‘ .
1:250,000 |{1:250,000
]:],000.0001:1,000.000
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L-,. Public Inquiries on
Ground Water X X X X X
7 Water Resource Studieg X X X X
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Information X X X X X
3 Inventory Surface L 1 .
R Water Bodies ) . j X X X X
i . Surface Water : ' 1 i .'
Resource Studies X X X
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5 © 7 .ment Studies
; Logging Observa- . .
e : tion Well Network X . X
Current Source 1 (rock (Wel in-house |in-house [in-house | USGS, | USGS, UsGs USGS
8 . sample) logs) laboratory} taboratory| SDS, ASCS,| ASCS, SCS,{ ASCS, SCS | ASCS, SCS
: in-house | in-house analyses analyses | NASA NASA in-house | in-house
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1 o - well logs well logs |summaries }summaries |satellite |satellite | imagery imagery
S : . - : geologic |text text photos imagery .
L . S ’ . map topogra-
4 : Lo ‘ i phic maps
S Scale ' - ——— 1:24,000 - - 1:24,000 | 1:24,000 | 1:24,000 | 1:24,000
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S 10m 10m
Voo . - $/C 80m S/C 80m =
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Data Needs “iii Water Resources by

B e ey et

Task and Data Characteristics
: ~ (continued)
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"Public Inquiries on
Ground Water X X X X X X
Hater Resource Studies X X X X X
Aquifer Water Yield
Information X X X X X X X X X
Inventory Surface
Hater Bodies
Surface Water
Resource Studies X
Flood Plain Manage- :
ment Studies
Logging Observa- .
tion Hell Network X X X X X
Current Source observa- observa- | observa- }observa- |observa- |rock rock UsGs well logs
: tion well | tion well | tion well | tion well [tion well [sample sample state GS
{data data data data data lanalysis t{analysis |well log
data
Scale -— —— - ——- ——- - -—- 1:24,000 -—-
Resolution — - ——- --- ——- -—- -——- 2m on base ——
10m on
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. data
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A.12 WILDLIFE

m Data items in Table A.14 are self-explanatory.
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n Table A-14: Data Needs in Wildlife by Task
and Data Characteristics
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- Wildlife Habitat
Assessment X X X X
L.
Wildlife Habitat .
B R Inventory X X X
. +  WNildlife Inventory X X X X X
- :
Moaitor Cover Type
Conversion X X X
i -
v Determine and Monit.r N
] Effects of Toxic
Substances on Wild- .
tife ) ) X . X X
Current Source in-house [ in-house [ in-house |in-house {in-house [in-house |in-house {in-house
. Format ~ . tmap map map " ftext table text text; text
map
Scale “} 1:24,000 | 1:24,000 |1:125,000 —-= -—- -—- 1:24,000 -—
- ~Resolution : ——- - -— --'.“ —— _— _— ———
, - Frequency of Update annual annual annual annual annual annual annual on demand
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- A.13 DATA NZEDS JUDGED TO BE NOT FEASIBLE OR NOT PLAUSIBLE FOR PRODUCTION

BY REMOTE SENSING

In Section 3.2 we discuss: a procedure by which the data needs listed
in this Appendix were screened with respect to the feasiblity and plausi-
bility of their production using remote sensing téchno]ogy. Table A-15

is a list of those data items which can not be produced by any of the

six remote sensing technologies; i.e., they are not feasible for technical

reasons. Table A-16 is a list of those data items which were judged toi'
be not plausible for production by remote sensing, for the reasons

indicated in Section 3.2.
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- Table A-15:

T ~* DATA ITENS WHICH ARE HOT FEASTBLE FOR PRODUCTION
. © - BY ANY OF THE SIX REMOTE SENSING SYSTEMS

oo - SOCIO-ECONOMIC-DATA

LANDS OF SPECIAL PUBLIC POLICY DESIGNATION PARK FACILITIES AVAILABLE

b
4§} = URBAN SERVICES = POLICE, FIRE, MEDICAL, ETC  MINE OWNERSHIP
| " ZONING V , MINERAL PRODUCTION BY TYPE, LOCATION, YEAR
. VALUF OF LAND AND BUILDINGS ~ MINERAL RESERVES BY TYPE, LOCATION, DEPTH,
i UTILITY FACILITIES , VALUE INCLUDING COAL, METALS, ETC.
. SALES TAX RECEIPTS - © ECONOMIC VALUE OF DAMAGE BY NATURAL CAUSES
4 TRAFFIC ORIGIN/DESTINATION DATA - -+~ POLLUTION CONTROL COSTS -
~ COMMODITIES TRANSPORTED . - ~* . CONSTRUCTION COST.ESTIMATES
~ ACCIDENTS ' ;w'h~ S MINERAL .LEASE OWNERSHIP .
41 - BRIDGE CONDITION - ©° ° FLOOD PLAIN CONSTRUCTION . -
. ‘LI, HAZARDOUS MATERIALS PRODUCTIOh SITES, INVENTORY OF MAJOR ENERGY CONSUMERS BY FUEL
|+ . UTILITY SERVICES . ..+ --AND .INDUSTRY
{ 4 SCHOOL SYSTEM DATA : LTl TRAFFIC VOLUME . -
: - CRIME DATA ‘ .~ A WIDE VARIETY.OF CENSUS OF POPULATION AND
/S GOVERNMENT EXPEhDITUREs ‘ et INDUSTRY DATA
| .- AUTO REGISTRATIONS - LIVESTOCK AND GRAIN. PRICES
_ COMMERCIAL ACTIVITY, BANK DEPOSITS, ETC. FIRE PROTECTION DISTRICTS
{1 . FIRM LOCATION, ADDRESS, OWNERSHIP, ETC. SCHOOL DISTRICTS
|~ LAND SURVEYS = PRIVATE, PUBLIC, HISTORICAL  SUBDIVISION PLANS ,
- LAND OWNERSHIP OR OWNERSHIP CLASS PARK BOUNDARIES : )
_ FACILITY OWNERSHIP NEIGHBORHOOD BOUNDARIES g
| 77~ EMPLOYMENT 'BY INDUSTRY, AGE, SEX, RACE, CITIES, TOWNS, UNINCORPORATED AREA BOUNDA~-- -~
: OCCUPATION . RIES
- PARK OWNERSHIP e .. :
- . .
‘ DATA REQUIRING CHEMICAL OR MINERAL-IDENTIFICATION
. OR OTHER LABORATORY:ANALYSES L 3
] L ’
. SOIL SERIES NAME OR NUMBER, POROSITY, BULK.  RUNOFF WATER QUALITY ...
-~ . DENSITY, TEXTURE PROFILE, STRUCTURE ~ TRACE ELEMENTS IN WATER,. SOILS, MINERALS
= 'PROFILE, CONSISTENCE PROFILE, DEPTH TO X-RAY DIFFRACTION IN MINERALS
~ - -WATER, A-HORIZON THICKNESS, DEPTH TO BED~ AIR AND WATER EFFLUENTS INVENTORY, COMPOSI~"
-~ ROCK, DEPTH TO SUBSOIL, MACRO- AND MICRO TION, FLOW RATE..
4 NUTRIENT STATUS, ORGANIC MATTER, CATION AIR QUALITY PARAMETERS
.. ".CAPACITY, pH, SALT CONTENT, SUBSOIL COLOR, ’ - ‘
'y, BEARING STRENGTH, ENGINEERING PROPERTIES, , : . ;
‘ ;}_A,; ERODUCTIVITY RATINGS c , : : e
R Lo GENERAL DATA
LY CROP GROWING SEASON . FOREST FUEL. BUILD-UP
~ CROP MATURITY o , WIND. DIRECTION AND SPEED
CROP ONTOGENY ‘ HUMIDITY ‘
'LIVESTOCK AND WILDLIFE POPULATION, AGE, LOCATION OF FIRE FIGHTERS
4 SEX, SPECIES, GONDITION CAUSES AND TIMES. OF FOREST FIRES
TREE STAND SIZE (DIAMETER AT BREAST HEIGHT) FISH SIZE, SPECIES, CONDITION, POPULATION,
~_ FOREST SITE INDEX © SEX
; FOREST SITE PREPARATION NEEDS TRAIL LENGTH :
FOREST SUCCESSIONAL STAGES SUBSURFACE GEOLOGY, STRATIGRAPHY, UNITS
_ SEED SOURCES GROUND WATER VOLUME, QUALITY, SOURCE, FLOW,
““NUMBER OF SEEDLINGS PLANTED, USES : DEPTH
‘r1  FOREST REGENERATION POTENTIAL ‘ AQUIFER TYPE AND STRUCTURE
|1 USE OF TREES - GROUND WATER EXTRACTION RATE, DEMAND SCHE=
: RECREATIONAL ACTIVITY SPECTRUM DULE, -USE
N RECREATIONAL USE INTENSITY, VISITORS PER ROCK COLOR, POROSITY, PERMEABILITY
g [j YEAR PIEZOMETRIC SURFACE
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Table A-15:

.. DATA ITEMS WHICH ARE NOT FEASIBLE FOR PRODUCTION
R . BY ARY OF THE SIX REMOTE SENSING SYSTEHS
~ (CcoNTINUED) S

- GENERAL DATA (CONTINUED)

PHREATIC WATER SURFACE
ROCK TYPE, MINERAL IDENTIFICATION

" . FORMATION THICKNESS, COMPOSITION, TEXTURE,

FOSSIL CONTENT, AGE, CORRELATIVE UNIT,
GEOLOGIC HISTORY ,

‘SOIL THICKNESS

WATER BODY MIXING PATTERNS

.f HEALTH IMPACT OF WATER AND AIR POLLUTION

BEDROCK STRUCTURE, ORIENTATION, DEPTH

TECTONIC STABILITY, EARTHQUAKE HISTORY,
SEISMIC RECORDS

ORIGIN OF MINERAL ORES

SURFACE WATER AVAILABILITY

STREAM DISCHARGE RATE

* WATER WELL-LOCATION, DEPTH, WATER ANALYSIS

WATER BEARING LIMESTONE FORMATIONS

OF PCMJR.CﬂJ

. ORIGINAL PAGE IS T

TOPOGRAPHIC CROSS SECTION
WINTER FISH KILL

DEPTH TO WATER TABLE
WEATHER RECORDS

ATMOSPHERIC INVERSION PROBABILITY
LAND CAPABILITY

SOLID WASTE -GENERATION RATE

PRE-CAMBRIAN ROCK SURFACE, BEbROCK GEOLOGY
AND SURFACE CONTOUR

. BENCHMARK LOCATION

PROTECTED PLANTS

ENDANGERED SPECIES LOCATION AND POPULATION

ROADWAY CONDITION

PUBLIC WATER SUPPLY =-. SOURCE, QUALITY,
OWNERSHIP, SERVICES, AREA SERVED, TREAT-
MENT CAPACITY,. PROCESS USED

SEWAGE FACILITIES

——
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i Table A-16:
{RER. 77Tt DATA ITEMS WHICH ARE FEASIBLE BUT NOT
BB %~ PLAUSIBLE FOR PRODUCTION BY REMOTE SENSING

/.. LIVESTOCK POPULATiON ESTIMATES :
: - FOREST STAND DATA FOR DETERMINATION OF NEED FOR STAND IMPROVEMENT
E‘ " FOREST STAND DATA FOR DETERMINATION OF FOREST FIRE POTENT!AL
! . .° AREA OF BARRIERS TO FISH MOVEMENT
: . WILDLIFE SPECIES INVENTORY . e .
: DISTANCE FROM PARKS TO POPULATION CENTERS . N f
PARK LOCATION, AREA, FACILITIES AVAILABLE, ROAD WIDTH L g
i : “AIR AND WATER POLLUTION POINT SOURCE LOCATION AND COMPOSITION o - |
%5, . STREET AND HIGHWAY LOCATION FOR AREAL AIR POLLUTION SOURCE DETERM!NAT!ON '
. ~ "URBAN PARTICULATE AIR POLLUTION MONITORING ~
1 © METEOROLOGICAL PARAMETERS FOR AIR POLLUTION MANAGEMENT
GEOLOGIC FEATURE SIZE . o o , O
"_MINING METHOD . ' Coe T Sy L
DISTANCE BETWEEN MARKET AND POTENTIAL COAL GASIFICATION sxrs ’ T
'DAM HEIGHT
" PHYSIOGRAPHIC REGIONS:
GEOMORPHIC FEATURE TYPE
LOCATION AND ACCESSIBILITY OF RAILROADS

ry
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R bee wimenas St 41 oy 2+
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T .. LOCATION OF AIRPORTS AND WATERWAYS . - il el

£ 5.1, NUMBER OF AIRCRAFT : o PR

. .. .- POTENTIAL RESERVOIR SITES )

« ff - . WILD RIVERS . S Tl
. Li 7 GROUND WATER DISCHARGE AND RECHARGE REGIONS ‘ LT

| ~ LAKE LEVEL FLUCTUATION
> . ™ ' SURFACE WATER QUALITY’ , -
57 SOLID WASTE PROCESSING FACILITY SITE LOCATION
i 7. WAVER RELATED RECREATIONAL ACTIVITIES
'  CAMPING AREAS T
i ] -~ INVENTORY OF PUBLIC AND PRIVATE RECREATIONAL FACIL!TIES
B g&x . ANNUAL ENERGY PRODUCTION AS BIOMASS :
l - ANNUAL BIOMASS PRODUCTION iR e

- . . noe R . .
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APPENDIX B: OBSERVED COSTS, PERFORMANCE, AND PRODUCTION
METHODS OF SYSTEMS PRODUCING THE PRIORITY PRODUCTS

'B.1 PRODUCTION COSTS
| This appendix lays out and evaluates two alternative production schemes

‘for each of seven of the twenty-eight priority products described in Chapter

‘Three: timber volume estimate tables, Level II Tand use/land cover maps,
soil maps, vegatative cover type maps, surface-mined land maps, topographic
R maps, and slope maps. Discussion of each product begins with a list of the
- characteristics of the products repeated from Table B.1. Product produc-
tion steps are next listed and described, first for an operational or tra-

ditional method based on manual interpretation of aircraft data and then for

an alternative scheme employing digital processing and satellite data. Next

L ~a detailed comparison of costs and performance (timeliness, accuracy) of the

- ’za e
}

two product production systems appear. When possible, a review of both pro-

~duction and capital costs for each system is included. Production costs may

‘ : include charges for personnel time, supplies, remote sensing data, aerial

‘photos, computer processing, and printing costs. Capital costs include
| equipment, software development and facility costs. -
: B.2  TIMBER VOLUME ESTIMATE TABLE
‘ngwu . Mary types of information are collected in the process of performing a
‘fbrest inventory. A timber volume estimate is produced in tabular form
‘eVery 5-10 years for all the forested'regions of the United States.(B?l)

LI B.2.1 Product Characteristics

: Table B-1 highlights the requirements for this product in the five states,;
(More detail is presented 1n Table 3-4). ‘
va.2 2 Production Steg_3 Operational Method

brghe oy | Steps for produc1ng timber volume estimates by the operat1onal method

/_\' :

s - 5 used by the U S. Forest Servace are l1sted below
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- Table B-1:

Product Characteristics of a Timber
Volume Estimate Table

‘Input Resolution A11 area covered with 80m and 10m

resolution imagery

Area Covered - Forested land - 12.5% of total area

y
S

Categories per product 5 strata are sampled

i

Update Frequency v | 5 - 10 years

" No. of products for as needed

5-state region

- Product scale - ‘ g B . R

S

e e e

3 T B
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1. Determine number of forest plots needed to yield the précision

necessary for the volume estimate by employing the standard sta-
tistical formula.

2. Obtain imagery (B-1)*

A. Obtain current ( 3 years old) stereo aerial photos from ASCS
and the U.S. Forest .Service.

B. Mosaic photos by township.
3. Choose sample points and classify.

A. Select the required number of photointerpretation (P T ) dots**
“on & township-by-township basis.

B. Classify the P I dots on the township mosaic as forest, non-

forest, water, or questionable. Record separately for each
township.

C. As each township is compiled, summarize the points by class
and by county.

4. Stereoclassify selected points.

A. Systematically select 1/3 of the forest dots and 1/3 of the
questionable dots for stereoclassification (B-2).

B. Use a stereoscope to classify the sample's forest cover type
and stand size.

5. Choose points to be field checked.

A. Select 1/17 of the stereoclassified forest and questionable

points and 1/51*** of the non-forest water dots for field
checking.

6. Make field measurements (B-3, B-4).

o A;‘ Determine photo scale by comparfng ground and photo measure-

ments of the horizontal distance between two landmarks visible
on photo. ' '

*The steps presented here are compiled from various documents. The referen- -

‘ces are those documents in which the steps are described more fully.
**photointerpretation dots are sample areas on the photo which are viewed
' and interpreted by the analyst. They are chosen and located by use of a
template. 214,000 P I dots are wsed in Missouri. :

#**These fractions are determined by statisticians from spgéﬁ?féﬁtions:for
~allowable sampling error. %‘,

7
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B. Select a landmark which is readily identifiable on the ground
and on the photo, and as close as possible to the sample
location. Mark it on the photo and on the ground.

C. Stake a 10-point cluster design* using the landmark as a
reference.

D. Using the basal area factor for the region in question,

determine the area to be sampled around each of the ten
points.

E. Estimate the merchantible bole length of each tree with a

diameter at breast height (d.b.h.) (B-5) that falls within the
areas.

F. Using a table, estimate the gross board foot tree volume
based on the d.b.h. and merchantible bole length.

7. Use a computer programn to make volume estimate for state.
A. The data gathered for each sample is fed into a computer

program, which is a general program for sorting and regres-

sion analysis, to make a volume estimate for the entire
state.

B. Detail records are computed and summarized on a USFS computer.

_ B;zJ3 Production Steps: Alternative Method

The following is a hore automatic system for making timber volume esti-
mates. There are three stages: LANDSAT, low altitude, and field measure-
ments. The steps listed below are based on reference (B-5);

1. Obtain and interpret high altitude coverage of ranger district.

A. Obtain high-altitude color IR images of area at a scale of 1:120,000.

B. Interpret images and choose 33 training cells which fall into
four timber volume classes** based on crown closure and
average crown diameter.

2. Obtain and classify LANDSAT CCT's

A. locate training cells on LANDSAT tapes.

v.'*The design consists of ten contiguous equilateral triangles with seventy-

~ foot sides.

**The volume classes are: a) non-forested; b) forest sites with 10,000
'Bd ft/acre; ¢) sites with 10,000 -20,000 Bd ft/acre; and}d) sites with
7203000‘Bd.ft/acre; ) { : .
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B. Train classifier to recognize 4 timber classes using the
33 training cells.

C. Determine boundaries of area to be surveyed in order to save
- processing time (only pixels within boundaries are classified).

D. Locate boundary coordinates on tapes.

E. Classify areas within the boundaries on CCT's into four timber
classes using an interactive computer system.

3. Divide the classified area into primary sampling units (psu) and
make a volume estimate for each psu.

A. Divide classified areas into 892.48 psu's measuring 1325 ft.
by 1 1/2 miles long.*

B. For use in statistical analysis, compute for each psu:

ag number of points/volume class within unit
b) weighted total volume for each volume class**
sum of weighted totals for all classes

C. For use in statistical analysis, compute over all psu's:

a) cumulative sum of weighted totals .
b; mean volume or the first stage vo]ume est1mate
c) variance .

4, Choose four psu's for further sampling

A. Choose 4 units (with probability of sn]ect1on pronortional
to estimated first stage volume) for further sampling.

B. Transfer location of selected psu's from LANDSAT classified
images to color IR high altitude 1:120,000 photos to facili-
tate locating them accurately from the air when photographed
at Tow altitude. :

8. Obtain low altitude wide angle and stereo coverage of the selected
p.s.u.’'s.

A. Plan low altitude flight Tine.
B, - Use a 35 mm camera with the following characteristics to get

.7 low altitude photos of psu's:
Z ‘

**Non timber = 0; 10,000 Bd ft

/‘based on a practical area which could be photographed in a single flight
line in a light plane with a 35 mm camera, the ability of a ground

crew to do the ground work for a flight line in 1 day, and the varia-
tions between sampling units.

1; 10,000 - 20,000 Bd ft = 2;
3.

20,000 Bd ft

k.u‘

o
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1) 24 mm focal length wide angle lens at a scale of 1:7500
. (10/psu).
2) 200 mm focal length large scale stereo triplicate in color
at a scale of 1:1000 (10/psu) to make precise photo esti-
mates of timber volume.

C. Make mosaic of wide angle photos for each psu to show full
afea.
Make volume estimate based on low altitude photos.
A, Use center of middle photo of each stereo triplicate as a
" plot center, locate and mark on mosaic and on topographic map,

and determine scale of photo near each plat center from topo-
traphic map.

B. Draw 0.4 acre circular plot about each photo plot center.

C. CECstimate timber volume in each 0.4 area plot using photo volume
tables (based on interpretation of % crown closure and measure-
ments of average stari height using parallax.) Call this
volume the second stage volume estimate.

Make direct measurements on the photo of selected trees and esti-

‘mate volume.

A. MWithin each psu, ‘choose 2 out of 10 possible photo plots (with
probability of selection proportional to estimated second
“stage volume).

B. Pin prick and number all trees of merchantible size w1th1n
selected photo plots.

C. Determine avarage crown diameter of selected trees (based on
longhzt and shortest crown dimensions).

D. Use the average crown diameter for a third stage volume
estimate.

'Sé]ect trees from the previous samp1e to measure on the ground.

A. Select trees from the population of merchantible trees within
~each photo.plot based on estimated third stage volume; use
low altitude photos to Tocate photo plot centers and the trees
to be measured.

B. Measure selected trees on the ground using a dendrometer (an
opt1c31 device somewhat similar to a range finder used to measure
preC1s\ tree bole diameters and vert1ca1 he1ghus).

Based on the ‘above data, use var1ab1e probab111ty techn1que to esti-
mate volume. for entire area. _

N
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B.2.4 Cost and Performance Comparisons Between Operational and
Alternative Production Methods

B.é.4.1 Cost Comparisons: Personnel, Equipment

It was not possible to isolate the cost of making a timber volume esti-

" mate by the operational method. Cost figures available were for the entire
Forest Inventory of Missouri of which a timber volume estimate is only a part.

The 1972 Forest Inventory for Missouri cost a total of $930,000. This cost

includes salaries, equipment costs, fieldwork, data compilation costs, and
system overhead. Medium altitude (1:15840 scale IR, B & W) imagery was bor-
rowed from the ASCS at no cost to the Forest Service. The cost of this
$urvey was approximately $18.00/km2. Of this éost approXimate]y 45 per

cent was associated with fieldwork.

Using this figure and based on estimates of aerial photography costs,

~ we present the following table, Table B-2, which shows the expected costs of

performing a timber volume estimate with imagery being charged at full cost.
The cost for timber volume estimate is $15.41/km2. Appropriate imagery

costs $5.29/km2. If this imagery charge is added to the Forest Inventory

charges above, the total cost of performing the Forest Inventory would be

$23.29/km2. The 1970 inventory of Plumas National Forest in California co-

vered 1.2 million acres (4800 kmz) and cost $300.00 or $62.50/km2 much of
~which is associated with the timber volume estimate. Both inventories tooﬁ;

Mk%néariixtwo years to compiete.

The variation in cost may be due to differences in the accessibility of
the area for field measurements, the age and type of forest, the cost of ob-

taining aerial photography or any wumber of other factors. The Missouri

 Ihventory also used data gathered at the county level without cost when suf-

,'ficiently,gOQGTdata;were availab]e.(B-G)

- conymt
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. Table B-2:°

—ds

Cost_Esfimate for Timber Volume Estimate Table .-

(Operétfoné1 Method)

Step B L | Time* Hour Costs | Total Cost Cost/km2* s
1. Acquire Imagery |
' (med A/C, B&W IR) o $273,000 5.29
2. Field'iork | S
(45% total inventory costs) | T
includes expenses ' 8 mn-yrs $25 $410,000 7,95
3. Compilation and** N . +
Related Processing : -4 mn-yrs $15 $112,000 2.17
- ; : : LI
‘ © T
TOTAL (exclusive of printing) 12 mn-7rs $795,000 15.41 '
- *Total are based on 1972 Forest Inventory of Missouri covering 51,700 kmz. , ., . o
'+Time and hour costs are our own estimates. Actual times and hour costs not
available.
**Assumed at 1/3 of costs (40%) not attributable to field work (45%) or estimated

administration (15%).

g T T e T pact T T e T T . e




-98-

Table B-3:

Cost of Timber Volume Estimate Tables
Alternative Methodology

~ Step Time Hours Costs|Total Cost |Cost/km?
1. Obtain data
~a) high altitude photo $ 200 .05
b) LANDSAT CCT's ‘ : 800 .20
. Interpret data
a) photos - 825 .20
~ b) classify CCT's 1,207 .30
. Samp]e selected areas
with ground truth
a) Tow altitude a/c photos 300 .07
b) ground sampling 400 .10
c) laboratory measurements 1,240 .30
By
. Estimate timber volume by i
" statistical analysis 1,650 41
$6,590

1.63
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Table B-3 breaks out the cost, by category, of making a timbeér volume

~ estimate using the alternative multistage sampling method for the Quincy

Ranger District of the Plumas National Forest on an experimental basis in

- 1973. The cost to do the entire forest by multistage sampling (over one

million acres) was estimated by Nichols(B-5) to be $15,000 or about $1.63/km? ’

per acre). The costs per acre showed a decrease as acréage increases.

Nichols predicts that it would cost .175¢ per acre ($0.44/kn?) to make a

volume estimate for the whole of California.

A cost comparison between the operational and alternative methods is
difficult to make since only a portionIBf the above costs fo:» the operational
forest survey system is concerned with making volume estimates. However,
thé experimental multi-stage system cost 0.6¢ per acre ($T.63/km2) to make
only a volume estimate for the California forest menfioned above. This is

an order of magnitude‘1ess expensive than the forest inventory done by the

. operational method and, as stated above, further ‘decreases in cost are pre-'

dicted by the California experimenter for a operationalized version of his

experimental system.

B.2.4.2 Performance Comparison: Accuracy, Timeliness

Accuracy achieved in estimating the timber volume in Quincy Ranger Di-

_strict by the multistage éystem, which results in a sampling error'gf 8.6%,

is superior to the operational éyétem, which results in a 20% sampling er-

ron(B-S)-

The alternative multistage method also takes about one-sixth of the time

that the operational (10-factor) syst#m requires for the same amount of acre-

age. For example, to make a timber volume estimate for a million acres

- using the alternative method would take 5 mqnfhsA The standard system would

‘take two years with more manpower (B-5).
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B.3 LEVEL II LAND USE/LAND COVER MAP

Level II land use maps facilitate land use planning and management of

urban development. Land use types are mapped at 1:24,000 and smaller scales

corresponding to USGS topographic maps. Only 5% of the area needs detailed

1 24 000 scale maps. For the remaining areas 1:259,000 scale maps would be

"adequate As many as 37 different c]asses of land use can be delineated
t‘and marked on the map.

| B.3.1 Product Characteristics

Table B-8 defines the prodUct's cha?acteristicszforistates in the
five-state region. | |

B.3.2 Production Steps: 'Operational Method

Listed be1ow are the steps for the manual, operational product1on of
Leve] II Land Use/Land Cover Maps condensed from a descrwpt1on by Fitz-.

patr1ck (8-7):

1. Determine area to be mapped,

.. 2. Establish scale of map and type of land use c1a551f1cat1on to be

used.
. Plan flight line and times.
. Establish field control.

Acquire color IR, high altitude aircraft imagery.

3

4

5

6. Check image quality.
7; Scribe map base with planmetric features. " o o
8; Register 1mager/ on map base.

9

. View ;magery in stereo and outlxne agr1cu1tura1 areas (5 acre
cells

N

10. Delineate residential areas (use neighborhood features
as guides).

%

"vll. Delineate commercial-industrial sites, (based on building

type and some uide11ne features such as parking 1ots and
load1ng areas, ? , . SRPIRRT,
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Table B-4:

f%@ ""_Product Characteristics of a Level II i,

.Lapd Use/Land Cover Map

Input Resolution

Area Covered /

" Required Coverage

Categories per product

~ Update Frequency”

Platforms

No. of Products for

~ Five-State Region

" Product Scale

2

B

=Ry,

_-L;; : ?*j,f

5, years

" high altitude A/C
LANDSAT Follow-0On

10 - 30m

155 km?

urban areas (5% of total) 1:24, 000

 rural areas (1:250, 000\

 28 or fewer

LANDSAT 1, 2, and C

5400 at 1:24,000
43 at 1:250,000

1:24,000
1:250,000

iy aas.
=2
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]3‘
14,

15.
'>»1a.

17.
18.
19.
20,
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Delineate forested and park areas,
Delineate water bodies.

Complete the delineation of the 28 Level II Land Use categories
relevant in the five state region*,

Check for accuracy.

Produce separation sheets of land use data and planimetric
base.

Produce working copies of map.
Edit and letter.
Print.

Check for desired map quality.

" B.3.3 Productioh Steps: Alternative Method

The alternative production strategy involves computer classification

of LANDSAT CCT's to derive Level II Land Use maps for an area equivalent

to the size of 1 LANDSAT frame (35,225 km2) This production scenario

'invo]ves clustering analyses and maximum 11ke11hood c1ass1f1cat1on

techn1ques. The production steps are listed below:

2.
3.
4

Read and reformat CCT data. ‘
Geometrically correct LANDSAT frame data. - T

Overlay. " ﬁ

‘Classify by maximum 11ke11hood ratio techanue, 4 bands

and 30 categories.

Refine classification through iterationl

“Cluster ana]yze the rat1oed data.

Output the ]and use c]ass1f1cat1ons

“*The categories are listed and described in uses,giﬁcu1ar-#954,'(B-8) .

e
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- 8. Produce a copy of the map on a map base.
9. Check, edit, and print as in operational method.

B.3.4 Cost and Performance Comparisons Between 0perat1ona1
and Alternative Production Methods

B.3.4.1 Cost Comparison: Personnel, Equipment

For the operational (manual) production system, the USGS quotes a pro-

uvduction cost of $11.93/km2 for 1:24,000 scule maps and $0.88/km2 for 1:250,000

'maps. Tables B~5 and B-~6 present the breakdown of costs for Level II Land
Use Maps as presented in Fitzpatrick.(B-7) We have made explicit her gsti-
| mates of time to produce these produgﬁﬁ»for cbnsistency with the other pro-
ducts presented in this Appendix.
~ For the automated system, costs on LARSYS were obtained from conversation
with Leonard Gaydos of the USGS.(B-Q) These costs assume a CPU charge of
$6;00/CPU—m1nute. Tables B-7 and B-8 presents our estimates for producing

Level II Land use maps at 1:250,000 scale and 1:24,000 scale. Printing costs

/gré $0.07/km2 for 1:25;000 scale maps and %3.10/km2 for 1:24,000 scale maps.

| ~ As the tables show, Level II Land Us; Maps at 1:250,000 scale cost more
to produce in the alternative system than in the operational (manual) sys-
'tem. QThe majority of the cost is associated with computer processing. In
Chapéér 4, we show that an operational system can save significantly on

vvcomputer processing costs. Level II Land Use Maps at 1:24,000 scale cost

.abproximater the same in both systems. This reflects the high cost of

:abrinting maps at Tafée sca‘k In addition, since current LANDSAT 80 M

imagery is not part1€?1=r1v uwefu] at 1:24,000 scale, only al1ght savwngs

\/‘

are real1zed in 1mageny acqu1s1tlon costs.
\ .

T .
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Table B-b:

Costs of Level II Land Use Maps (Operational Method)
@ 1:350,000 Scale

\ , | . ' .
*Costs\ﬁn this table are taken from costs cited in reference (B:7).

Steps Time ‘Hour Rate Cost , Cost/km2
1. Acquire Data $ 975 .05
H/A Coverage
2, Mosaicing $ 3,120 .16
‘3. Interpretation 488 $20 $ 9,760 .50
4. Cartographic 156 $12 $ 2,150 I
‘5. Reproduction and $ 1,365 .07
. Printing ' -
Total Cost: (per $19,500 km? sheet) $17,370 .88
i '
L
((,;: 3 \{(
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} Table B-6:
) Costs of Level IT Land Use Maps (Operational Method)
} ’ @ 1:24,000 Scale
] 2
i Steps Time Hour Rate | Cost Cost/km
i 1. Acquire Data | b 22 14
= 2. Mosaicing 6 .| B 930 6.00
. 3. Interpretation 9.3 $20 186 1.20
2 \ 4. Cartographic 3.1 $12 38 .24
a) marginalia _ 194 1.25
[ 5. Reproduction and 480 3.10
L.} Printing
| TOTAL (per 155 km® sheet) $ 1,850 11.93
o
§ i *Estimate in this table are taken from costs cited in reference (B-7)
-
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Table B-~7:
Cost of Level-II Land Use Maps (Alternative Method)
1:250,000 Scale, 19,500 km2/Map Sheet

Step Time , Cost/Hr. Cost Cost/kmz*
1. Collect datz
a) LANDSAT CCT's $ 480** .02
b) ground truth 40 $16 $ 640 .03
Zﬂ Preprocess data
a) reformat $ 100
b) geometrically correct $ 2,475
c) overlay $ 7,375
SUBTOTAL ] $ 9,950 .51
3. Process data
a) classify by max.
Tikelihood ratio:
assume 3 iterations $11,700 .60
b) cluster classified
data: assume 3
iterations $ 7% .04
c) computer programmer 12 $20 $ 240 .01
4. Qutput and Print Data $ 1,360 .07
TOTAL $25,120 1.28

*Based on 19,500 km2/map sheet.

**OQne 1:250,000 scale map sheet covers approximately 60 percent of one
LANDSAT frame. The cost of one LANDSAT frame has been reduced pro-
portionately under the assumption that an alternative system could
utilize the remaining portion of the frame for additional products.
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Table B-8:

RIS VERST TS R T T

Cost of Leyel II Land Use Map§ (Alternative Method)
1: 24,000 Scale 155 kmz/map sheet

Step Time Cost/Hr, Cost Cost/km2
1. Acquire Level II Land-

use Maps enlarged to

1:24000 scale $ 198 1.28*
2. Acquire additional

Groundtruth 40 $16 $§ 640 4.13
3. Ovarlay and Register 10

G-T Data $20 $ 200 1.29
4. Print Map $ 465 3.10

TOTAL 50 $ 1,503 9.80

- *Assuming that digital enlargements of 1:250,000 scale Level-II land use

maps cost approximately the same as the maps themselves.

The area to

be mapped at 1:24,000 scale is roughly 4% of the 5-state region.

Rk
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B.3.4.2 Performance Comparison: Accuracy an& Prdduction Time

Positional or geographic accuracy standards for 1:24,000 scale Leve] II
Land Use maps are the same as for normal 1:24,000 scale topographic maps.
This is, 90% of all well-defined points must be located to with 40 ft. of
their actual geographic position.

A recent USGS/NASA study(B-7) established the accuracy of identifica-

~tion of Level II land use classes using therperational method at 1:24,000

scale to be 84.9 per cent, while using the alternative brought the identi-
fication accuracy to 80-85%.

600 person/hours were required to do interpretation and editing of one
Level II 1:24,000 scale map by the operational method of which 200 person
hours were required for cartographic compilation and production (B-7) With
the alternative system we estimate (see Sect. 4.3. of this report) a maxi-
mum likelihood processing technique would require .3 -'7.7 hours of computer

time (depending upon computer used) to process one jmage of LANDSAT data

.into a Level II Land Use map of the type described. Additional time for

plotting of the product might raise the times to 18 - 22 hours.
B.4 SOIL MAPS ‘

Since the 1930's aerial photography has provided data for the pro-

~duction of soil maps. Much of the U.S. is still not mapped in detail.

Present effort is concentrated on mapping agricultural lands.

B.4.1 Product Characteristics

The desired characteristics of soil maps are listed in Table B-9.

B.4.2 Production Steps: Operational Method‘(3‘1os B-11, B-12) (SCS, USDA)

- 1. Plan two years ahead for procurement of aerial photos. Decide if

a new aerial survey is needed. (Photo scale 1:20,000 or 1:24,000).

2. Collect existing inaps and reports of survey area: Photo index,
topographic, geologic, and forest~type maps, old soil maps and
reports, planning board maws and reports
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Table B-9:

Soil Map Product Characteristics

s
S

)
| | f | /
L i Input Resolution - 30 --80m A
i Area Covered 155 kn® (1:24,000 scale) ‘Tﬁ

i .

-
]

1 . Required Coverage Selected Areas :

ERY
[

Update Frequency 20 years

b . Platform LANDSAT I, II, C, and Follow-On
, : : . ~ Extensive Groundtruth

No. of products for
five-state region as needed

oIl s o L ORI IR R S
o) i

=

o Product Scale 1:24,000 qu'§%311eé"

,:;;:l ‘~ , ) . . :»‘\‘ . . 2 . | (/

EUpNaT 50
i
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On the aerial photos draw soil Tines bound1ng the area to be mapped
(match 1ines).

Choose area to be mapped and outline on photo.

Make stereoscopic reviews of area.

A. Delineate major drains, smaller drains, intermittent
streams, drainage head and ponds.

B. If soil surveys have been made on adjacent photos, all
soils and mapped features should be transferred stereo-
scopically to the outside edge of the match lines.

C. Ink and classify roads on basis of knowledge of area and
latest county highway maps.

D. Ink on photo, dwellings and other prominent buildings
outside of built up areas. In built up areas, only ink : &
public buildings important to farmers or farm buildings f
(e.g., schools, courthouses).

E. In pencil, tentatively delineate flood deposits and bottom 4
land, gravei and borrow pits, ridge lines, sinkholes and
wet spots, stream terrace, swamp and marsh boundaries,
other significant land forms (e.g. rock outcrop).

F. Delineate all slopes that are clearly seen and appear to }:
correspond with the slope phases in the legend. Estimate :
slope group.

G. Delineate gullies and severely eroded areas and place
estimated-erosion symbol in delineation.

H., Tentatively delineate soil series or types that can be
differentiated and indicate by symbols.

I. Plan route for transversing the area most efficiently,
Make field measurements on cultivated areas.

A. Take sample cores.

B, Dig pits and observe horizons.

Map vegetation ih area,

Perform chemical analysis of soil sample.

Classify soil. |

Make a controlled aerial mosaic'base from the photos to produce
scale uniformity, provide a close match of images.

R e -

r
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1.

12.
13.

14.
15.

16.
17.

18.
19.

M-

Complete the map manuscript "greencote" by scribing main drainage
roads, soil boundaries, and other field data on the base map.

Scribe in soil symbols.

Edit the soil map by using the field sheets and correlation
legend to check the accuracy.

Print two plastic "yellowcotes".

Print cultural and drainage features on one in black, and soil
boundaries, erosion symbols and other symbols on the other in red.

Make contact prints of the yellowcotes and add lettering (for
names of roads, alphabetical soil symbols, etc.).

Make a negative for each of the above contacts and a composite
color proof from the negatives.

Edit the proof and make corrections.

Make press plates and print.

B.4.3 Production Steps: Alternative Method

The alternative production method is based upon a series of studies

carried out by the Soil Conservation Service at Columbia, Missouri (B-13).

The

for

studies involve the use of LANDSAT digital tapes to prepare soil maps

Chariton County, Missouri. The project was initiated in order to

establish the true value of satellite data for vegetation, soil and water

mapping. The production steps for soils mapping may be outlined as follows:

Establish what area is to be mapped and what soil and soil-vegetation
classes are to be delineated.

Acquire LANDSAT CCT's for the study area.
Geometrically correct, reformat and overlay LANDSAT CCT data.

Train the computer to recognize soil and soii-vegetation classes by
spectral signature recognition.

Cluster the points into soil classes of mappable units.

Computer classify the CCT on a pixel-by-pixel (point-by-point)
basis based on known spectral signatures.

Use a preliminary output of the data and perform ground truth soils map-

ping and sampling to verify accuracy of identification of soil units.
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8. After completing groundtruth,, output the map at the desireq scale. Out-
put or print may be produced as an overlay for a topographic map at the
appropriate scale.

B.4.4 Cost and Performance Comparison

 servation Service reports that an average cost for this mapping is $166/km".

To produce a 1:24,000 scale soil map by the operatibna] method for areas
200,000 acres in size (1 county) would require approximately 9 person-years.
In a typical Missouri county (Chariton County, it cost $108,000 to prepare
soil maps, approximately $72,000 for cuitivated regions, the rest for other

Vegetated areas. Six person-years of labor were required for the cultivated

Xregion and 3 person-years for the other vegetated areas. The USDA Soil Con-

2

Using LARSYS technique SCS produced soils maps by the satellite-based
method at a total cost of $52,000.(B-13) However, only $4,000 of this ex-
penditure was for computer processing. Preprocessing costs were approximately

$1700 and data classification and processing cost almost $2000. $275 was ex-

) _pended on outputting data and another $130 for data gathering and preliminary

analysis. The balance of the cost, some $48,000 or $60/km2 was incurres for
performing 4 person-years of ground truth for the soil map (See Tab]e’B-lO).
B.4.4.1 Performance Comparison: Accuracy, Timeliness

The accuracy achieved by the operational soils mapping methodology ap-

proaches 99%.(B-13) The accuracy discussed here refers to the number of

mappable soil units (areas 1 acre in area) which are correctly identified as

to soil type. The alternative methodology can only distinguish approximately
90% of mappable soil units in cultivated or bare soil areas but substantial
field mapping is necessary for detailed soil identification.‘ A much lower
accuracy (60%) is achieved in vegetated areas because cover types need to bé
correlated with soil types.(B-13)

The alternative system offers substantial improvements in production

time: 5 person years over the operational methodology. By use of the
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‘Tabie B-10:
Soil Map: Alternative Method
1: 24,000 Scale

¢

Cost/kmz* .

Step Time . "Hr-Cost Cost
1. Preliminary Work "8 hr $15 $ 120 5
2. Acquire Data ‘
a) LANDSAT CCT's $ 10 .01
3. Preprocess Data 1
a) Reformat tape $ 90
b) Geometric correction $ 260
Register image Q$ 1,310
SUBTOTAL ] $ 1,660 2.08
4. Process Data ﬁ ” |
a) classify imagery by M- L & $ 1,940 2.43
b) c1uster1ng ”
5. Output on line printer $ 275 " .34
6. Ground truth 4 mn-yrs $48,000 $60.00
TOTAL $52,005 $65.01

*Based on a study of 800 kmz.

L
/i
i
.

*Cost of LANDSAT frame is reduced proportional to area:

T




alternative methodoiogy, map production time is reduced to a few hours and -

N

~ T etal ground truth to 4 person_years;(3.13)'Therefore, an accuracy-time

T ADE S P o Yool
s
i

tradeoff exists.

T ’ The SCS hopes to demonstrate by further analysis that the 90% accuracy
and more rapid turnaround time will be acceptable, however this work has

not yet been completed.

B.5 VEGETATIVE COVER TYPE MAP

The vegetation in an area is both a reflection and an expression of

its topography, soils, climate and land use practices. The type of
vegetative cover may indicate the potential usefulness of the land or its
% previous and current use. Cataloging and mapping vegetative cover type

- provides information for decisions involving land use practice.

The estimates shown below assume that 10% of the five-state region

would be mapped at 1:24,000 scale for wildlife habitat management and en-
_ vironmental studies. The remainder could be mapped at 1:250,000 scale to
= show crop land and major forest types. |

% B.5.1 Product Characteristics

- Table B=11, lists the characteristics of this product.

B.5.2 Production Steps: Operational Method (5}14)

o o 1. Perform background work.

%1_ _ A, Select area to be mapped.

BRI e

Iy ' B. Define the purpose of map and estimate mapping intensity
- L : required.

" C. Gather relevant materials: topographic maps, soil maps,
' existing vegetation maps, etc.

. Become achainted with vegetation occuring in mapping area. -

. Refine estimate of required detail.
. Choose mapping scale to meet detail requirements.

. Select appropriate base map.
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Table B-11: gy L
, i - L ir
Product Characteristics of Vegetative
~ Cover Type Maps Ny
- 7,/ e |
._Input Resolution 2 - 80m t‘\;

pu Area Covered 155 kn” at 1:24,000

1o R 19,500 km® at 1:250,000

N Required Coverage vegetative, non-urban areas (85%
; ~ of total) ‘

0o Categories per product ;10 - 20

?f T Update Frequency - annual

b Platform medium and high altitude A/C

é ‘ ground survey.

g - } LANDSAT Follow-on

I No. of products for .1:250,000 54

. ~ five state region - 1:24,000 540 (10% area)

o .

| . )

[ ~ Product Scale 1:250,000

= | ~ 1:24,000
- . 3
i 3
L .

¢ - 5 7/
f L =
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Set~up controlled mapping units on base map.

2, Acquire, interpret and register imagery.

;A'.

E.
F.

Obtain aerial imagery at 1:10,000 -1,20,000 scale either by contract-

irg for imagery or acquiring existing imagery, e.g. ASCS photography.

. Prepare imagery for interpretation,

Reference imagery to base map.

Delineate major vegetation boundar1es and identify where
possible on imagery.

Perform roadside field survey by car (optienal)Z

Register information on base map.

3. Perform field survey.

A.
/ B,

c.
D'

Do intensive field survey to obtain vegetation inventory.*

Check boundary lines between vegetation classes in field and

record positions.,
Record field survey data on imagery and base map.

Reinterpret imagery if necessary.

4. Construct final map.

A.
B,
C.
D.

Correct information on base map where necessary.
Define mapping classification scheme: colors, symbols.
Prepare final map and overlays (if any)

Check consistency of map.

5. Print map.

B.5.3 Production Steps: Alternative Method (B-15)

1. Perform background work.

Aﬁo
B’o
c.

Select area and define purpose of map.
Perform literature search. Gather relevant materials.

Design classification scheme and deC1de mapping intensity
and repeatability.

A
et

*The aer1a1 1magery or a conven1ent1y referenced field map can be used
in the survey. o
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) 2. Perform initial stratification,

A. Acquire satellite imagery and CCT's,

B. Visually interpret imagery with regard tochosen classifi-
cation scheme and detail. Attempt broad classification.

C. Obtain sufficient ground truth.

b; Outline areas of interest on imagery and select training sites.
3. Do first subsampling of data.

A. Perform d1g1ta1 enhancement.

B. Perform digital analysis and classification of MSS data over
selected areas of interest.

4, Select support system and staging.

A. Incorporate other space acquired data (e.g. Skylab) if app11-
cable or available (opt1ona1)

B. Utilize aerial underflight photography.
C. Acquire additional ground truth.

5. Perform refined interpretation.
A. Extend digital analysis over entirg area.
B. Determine accuracy of map.

C. Acquire additional ground truth to improve accuracy.

D. Redo analysis to achieve required accuracy. - - e

6. Print final map product.

B.5.4 Cost and Performance Comparisons Between Operational
and Alternative Production Methods

B.5.4.1 Cost Comparison: Personnel, Equipment

Tables B-12A and B-12B present the estimated production costs for the
operational method for producing vegetative cover type maps at 1:250,000
scale and 1:24,000 scale, respectively. |

The principal expenditures for the operational system center on the ac-
quisition and interpretation of aerial imagery and the production of the

final map prior to printing. To calculate the cost of acquiring imagery we

<&
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“TabTe B12-A:

Costs of Vegetative Cover Type Mapping:
Operationa] System

1:250,000 Scale

Step Time | Rate/Hr. | Cost Cost/kn?
1. Perform Background Work - $ 980 .05
2. Acquire, interpret and
Register Imagery
a) H/A CIR (stereo $49,000 2.51
b) Mosaicing 300 $20 $ 4,800 .25
c) Interpreting 300 $20 $ 4,800 .25
3. Perform Field Survey 160 $20 $ 3,200 .16
. Construct Final Map 100 $12 $ 1,200 .06
5. Print Map $ 1,305 .07
TOTAL 860 $65,345 3.35
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w’ A Table B- 12B:
¢ %\ - Costs of Vegetative Cover Tyne Mapping:
E Operational Method at 1:24,000 Scale o~
4 . Time Total 2
Step (Man-Hours) | Rate/Hr. Cost Cost/km“**
- 1. Perform background work i $ 8.00| % .05
a) Acquire imagery CIR
stereo at 1:20000
scaie $840.00f $§ 5.42
2. Interpret and regis- !
__ ter imagery 24 hrs. $16t $385.00] $ 2.48
3. Perform field survey
(includes cost of |
auto survey) 96 $20% $1920.00 | $ 12.39
4. Construct final map 80 $12** $960.00| $ 6.19
5. Print final ma ;
product - $480.001 $ 3.10
TOTAL - 200 $4593.00 | $ 29.63

cartographers. (B-7)

*+K. A. Fitzpatrick, hour rate for cartographers only.

*0Qur estimate.

b

**Based on 155 kn’/quadrangle.

: +K. A. Fitzpatrick, as an average of the hour rates of compilers and
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- assumed one mission per map sheet at a cost of $30/1inear mile for H/A

photography and $7,50/1inear mile for L/A photography. We estimate inter-
pretation times at 150 hrs./10%km2 for H/A and 300 hrs./10%n? for M/A. Time
for rectifying and mosaicing imagery is equal to interpretation time for

H/A imagery and equal to 5 times the interpretation time for Med-L/A imagery.

Ground truth was estimated at 4 person-weeks per 19,500 km? and 2.4 person

" weeks per 155 km¢. This difference is representative of the detail and in-

creased mapping intensity at the larger scale.

The estimated cost for producing vegetative cover maps at 1:250,000
scale from H/A CIR imagery is $3.35/km? and at 1:24,000 scale from Med/A
jmagery is $25.63.

Capital costs associated with these products would include one or more

BAUSCH & LOMB Zoom Transferscopes at approximately $7000 each and miscella-

neous cartographic supplies costing approximately $1000. It is assumed
that the operational system could make use of equipment for rectifying and
mosaicing the imagery at small marginal costs.

The operational method is very labor-intensive, rgquiring 860 man-hours
to map 19,500 km® at 1:250,000 scale and 184 man-hours to map 155kmé at

1:24,000 scale, exclusive of preliminary work. The intensity of mapping,

" the diversity of species in the mapping area, and analyst familiarity can

vary widely from mapping area to mapping area. This makes time spent on
preliminary background work much harder to estimate.

For illustrative purposes we assumed that vegetative cover type mapping

was roughly equivalent to Level-II land-use mappin§ im cost and complexity.
The USGS is currently compiling land-use maps for Missouri at 1:100,000 scale

from HASA RB-57/U-2 high altitude color-infrared imagery. In preparation for

this mapping, the USGS contacted the 20 regional planning agencies in Mis-

souri, the Missouri Department of Conservation, the Soil Conservation
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Service, the University of Missouri and other state agencies and urban plan-
ning commissions across Missouri for information concerning land-use prac-
tices in the state, This was estimated to have taken 1 1/2 -~ 2 weeks
éxc]uding lag time. In addition, field crews were seﬁt out to obtain low
altitude hand-held photography of selected areas and to collect Qround-

level photography. Data from three two-men crews was used to cover the
approximately 180,000 km of Missouri (B-17)In all, ten person weeks of preli:
minary work was done to aid the compilers and interpreters before mapping

was begun. If we assume a cost of $25/hr for each person in the field

crew and office (including the cost of the airplane rental, travel expen-

~ses, etc.) this results in $10,000 being spent on preliminary work for the

state of Missouri. This is roughly $0.05/km2 for preiiminary work. Since
this work is done independently of the scale or number of classes used in
the final mapping, this estimate can be used for both the operational and
alternative methods,

Table B-13 presents the estimated production costs for an alternative
method using high-altitude aircraft and satellite imagery and mapping at a
scale of 1:250,000. The capital expenditures for such an alternative system
would include equipment comparable to that described above and a major capi-
tal commitment to digital processing equipment.

As an example of the digital processing equipment which might be used,
a G.E. Image 100 system costs approximately $500,000 including installation.
(B-17)For an agency already owning or having access to a computer with 512
K core memory, the LARSYS sofiware system of Purdue University is available
for $1000. This cost does not include adapting the*program to run on the
agency's computer, which could cast nearly $10,000. (B-18) A remote termi-

nal and peripherals linked to the LARSYS system would cost approximately
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$55,000/year. (B-18) A1l these costs are for equipment or access and do not
include the time charges for using the computer, which are considerable.

Our estimate for computer time charges for determining 17 classes over .

19,500 km? at 80 m resolution is $12,850 based on $6.00/CPU minute, Of

this cost, $10,000 is associated with preprocessing and overlaying two

bands each of spring and summer imagery. Roughly $3000 is associated

with clustering and classifying the imagery. Personriel cost for the al- /

ternative system are considerably lower than the operational method,
again exclusive of preliminary work gathering background materials. We es-
timate 152 man-hours to map 19,500 km?. This is approximately 6 times
faster than the operational method.

The alternative method thus costs $1.17/km2-;0 produce a vegetative
cover map at 1:250,000 scale. |
B.5.4.2 Performance Comparison: ‘Accuracy; Timeliness

The operational system working at 1:250,000 scale or 1:24,000 scale
with an implied resolution of 2-10 m.provides for more intensive mapping,
greater detail, and more classification. It is not unreasonable to assume
an accuracy figure of 95% for these products.

An alternative system using present 80m. resolution LANDSA} MSS data
does not appear to be particularly effective at scales above 1:100,000
although some work has been done at scales up to 1:24,000. The necessary
reduction in scale for an alternative system also reduces the mapping in-
tensity and detail possible on the map product. An alternative system
mapping at 1:250,000 to 1:100,000 scale could achieve 85% accuracy.

The operational system would map 19,500 km2 at 1:250,000 scale in 21.5

person weeks. These maps would be drawn exclusively from High and Medium

| é]titudé CIR imagery. Acquring H/A imagery over 19,500 km2 would cost ap-

proximately $49,000 based on a delivered imagery price of $30/1inear mile.
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Table B-13:

Cost of Vegetative Cover Type Mappina

Alternative Methods at 1:25C,000

Total 2
Step Time Cost/Hr Cost Cost/km
1. Perform Background Work 65.3 hrs $15 $ 980 $ .05
2. Perform Initial Stratification
a) LANDSAT Imagery - -- $ 40 <.01
b) LANDSAT CCT's - - $ .800 .04
c) Visual Interpretation 78 hrs |- $16 $ 1,250 .06
d) Ground Truthing 40 hrs $16 $ 640 .02
3. First subsampling of Data ,
a) Preprocessing of CCT's -- - $10,000 .51
b) Do 16 class clustering on
training cells for 13%
of area 3 iterations - -- $ 750 .04
¢) Computer programmer 12 hrs $20 $ 240 01
4. Select Support System and
Staging
a) Aerial imagery
2% of area H/A CIR $ 2,200 g1
2% of area M/A CIR $ 2,150 1
b) Additional ground truth 10 hrs $16 $ 160 <.01
. 5. Perform Refined Intergﬁetation
aj Classification over map
area 19,500 km2
3 iterations $ 2,100 A1
~~b) Computer programmer 12 hrs $20 $ 240 .01
6. Print Map - - $ 1,360 .07
TOTAL $22,910 1.17
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Medium altitude imagery over 155 km2 would cost approximately $850 based on
a delivered imagery price of $7.50/1inear mi]e: Updating these maps would
require aerial imagery reflights and selected ground check surveys. In ad-
dition, there is a lag of several months to a year between the contracting

and acquiring of imagery. Updating most probably would not bé done more

often than every 5-10 years.

The alternative system could map 19,500 km2 in 3 1/4 person weeks. Up-

. dating these maps would require the latest LANDSAT jmagery and CCT's; only

minimal ground checking need be done. A map update could be done almost
entirely by computer.

The small-scale vegetative cover type maps produced by the alternative
system have potentia1 usefulness in updating products obtained by the
operational method. Digita]]y;derived overlays at 1:24,000 scale would
cost approximately the same per km? as the vegetative cover type map at
1:250,000 scale if taken from the smaii-scale product. Over one hundred
such overlays could be obtained from a 1:250,000 map product at a cost
$1.17/km2. The frequent repetitive coverage of the satellite coupled with
the speed of digital processing would allow such products to be produced

semi-annually, seasonally or perhaps monthly,if required over small areas.

-The digitally-derived products should have sufficient accuracy to allow de-

tection of gross changes in the vegetative cover, even at 1:24,000 scale.
This would insure that accurate and current vegetative cover type maps are
available for decisions regarding land use practice.

B.6  SURFACE MINED LAND EXTENT AND CONDITION 'MAPS

' In the five-state Study region, surface mining constitutes the bulk of
current mining activities. The states have enacted laws regulating the re-

clamation and extension of sUrface mines within their boundaries. These
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laws mandate that surety bonds and various fees be collected to ensure that
the companies which mine Tand also reclaim them. These laws also require
that accurate maps and records of the extent and condition of surface mined
lands be made and maintained on an annual basis.

B.6.1 Product Characteristics

Table B-14 Tists desired product parameters for surface mined land maps.
These large scale maps are an input to the smaller scale industrial maps we

1ist as a priority product. Product parameters for the industrial map (a

priority product) are presented in Table B-14.

B.6.2 Production Steps: Operational Methodology
" Missouri agencies used U-2 high altitude aircraft color infrared and
lack-and-white photography to identify, locate and measure the extent of
surface mined lands for 70% of the state. The mapper employed low altitude
aircraft photos for the remaining 30% of the state (B-19).The production
steps listed below are drawn from this work.
1. Determine the area to be studied.

2. Determine the scale to be used and type of map presentation (usually

overiay on 1:24,000 scale topographic map).
q‘

3. Obtain imagery (either use existing high or low altitude
aircraft photos or contract for new overflight)-

. Locate mined areas by visual inspection of aircraft photos.
Outline affected areas on photo.

4

5

6. Measure extent of affected lands with a planimeter.

7. Field check some areas to verify the interpreted imagery.
8

Transfer data to 1:24,000 scale topographic map with a :
zoom transferscope from aircraft photos.

9. Prepare overlays of affected areas on light table.

10. Distribute maps.
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ﬁﬁProduct_Characteristics of Surface Mined
Land Extent and Condition Maps
and Industrial Maps

Industrial Map

Input Resolution
Area Covered

Required Coverage

Categories per
Product

Update Frequency

Platform

No. of Products
for 5-State Region

Product Scale

Surface Mined Land Map.

"2=10m
155 km?

Selected Areas
(1% of total)

3-5
annual

Low Altitude A/C
High Altitude A/C

150~200

-1:24,000

30m
11,620 km?

entire region

10-30
annual

LANDSAT Follow-On
High Altitude A/C

45-50

1:125,000

F
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B.6.3 Production §;gps:"A]tefnétfve’Methdd

The alternative system for producing surface mined land mapping and
detection is discussed in a report on the delineation and mapping of
surface mines in the Maryland-West Virginia area (B-20). Both analog and
gigita] LANDSAT imagery were classified in this study; in this section we
will discussonly the digital production system.

Two distinct digital analysis ﬁethods were used according to the re-
port. The first is a point-by~point table look~up classification of pixels
into three cover classes (stripped, open, and vegetated). The spectral
signatures used were based upon the International Biological Program
(IBP) vegetation classification system . The second digital analysis me-
thod was LARSYS 2, a clustering algorithm classifier which used LANDSAT
bands 5 and 7 reflectance values to assess ground condition. Field check-
ing and ground truth verified classification results. The production
steps which follow pertain to the second digital analys1s method:

31) Determine area to be studied.
2) Obtain CCT of LANDSAT image of appropriate data and area.

3) Locate the mined areas by classifying the CCT on a pixel-

by-pixel basis using table look-up based on IBP spectral
signatures.

4) Select sample areas including the mined regions on the data
~ tapes.

5) Select reflectance values from training>sites in Bands
5 and 7.

6) Analyze selected portion of the image with the selected
reflectance values with a clustering algorithm.

7) Compare by visual inspection the results of pixel-by-
pixel and clustering analyses.

8) Output a map product on a line printer.

9) Field check with aerial photos and ground truth.
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B.6,4, Cost and Performance Comparisons Between Qperational
and Alternative Production Methods

B.6.4.1 Cost Comparison: Personnel, Equipmént
The map products being described here are comparable. Both the alter-
‘native satellite-based system and the operational aircraft-based Missouri

project were designed to locate and measure the extent of surface mined

.]ands. No attempt to determine land condition in a quantitative way is

made for either of the products, but this can be performed from low altitude
aircraft data if desired.

Production costs for the operational method used in the Missouri sur-
face mined land mapping project are not published; therefore, all costs are
EODMS staff estimates (B-19) Major costs are as listed below:

D&té Acquisition $6,800 - 979 frames at $7.00/frame

Salary | $1,500 - 3 months at $500/month
Equipment $5,000 - cost of zoom transferscope
Supplies $ 250

The cost of purchasing the zoom transferscope is the major capital
cost. The remaining expenditures are marginal costs of production. De-

fraying capital costs over 10 years, production costs per annum would be

$9,050.00 for Missouri, of which $8,550.00 is the marginal production

cost, We estimate costs for the five-state region, based on area covered
by surface mines, to be in the range of $50-60,000. For the I1linois
project, lTow altitude aircraft data are used exclusively. The project re-
quires 24 person-months to complete and uses approximately $3,000 for data
acquisition for a total estimated cost of $27,000.

Cost estimates for the alternative method are based on required person-

nel and data processing time for the method described in reference (B-20). The

costs are presented in Table B-15.

3
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Table B-15:

Surface Mined Land Extent and Cond1t1on*
Alternat1ve Method

1:24,000 Scale 155 km /map sheet

‘Steps _ Time Cost/Hr. | Cost Cost/km2

1. Preliminary Work -~ | 8 § 15 $120 | .04

2. Acquire data

a) LANDSAT CCT's | | o,
2-bands f ' $ 35

.01

3. Preprocess Data

a) Reformat | 8 | $330 | $2640 .86
b) Geometrically Correct |
c) Rectify

4. Process Data

a) Classify by M-L
b) Cluster

5. Output on line printer

6. Field Check 20 $ 10 $2000 .66

TOTAL .36 | $4196 1.57

Cost of one 1:24000 scale sheet  $1.57 x 155 kn = $243.

2
*Based on a study of 3050 km .

Costs of data are reduced proportionately with area under the assumption
that an alternative system could utilize the remaining portion of the
~frame for additional products
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We can make a comparison of costs per square kilometer for
this product. With the alternative method used in the Maryland-West Virginia
case, 3045 km2 were mapped at a cost estimated at $4796. When cost calcula-
tions on a km2 basis are made, a cost of $1,57 per km2 is indicated. With
the Missouri projecis operational method approximately 5,000 km2 were inven-
toried at a cost of $9050. This yields a per kmz cost of $1.81,
B.6.4.2 Performance Comparison: Accuracy, Timeliness

Accuracy. Conversation with agency personnel revealed that 95%+ accu-
racy was achieved by the operational method. In addition, mines were
located to within 100 feet of their true location in 90% of the cases(B-19).
Accuracies of identification achieved by the a]ternative NASA study of sur-
face mined lands were in the vicinity of 80-85%. No mapping accuracy
standards were quoted. The mapping format was line printe} output which
could be overlayed on topographic maps.

Thus, the operational method identifies mined areas more accurately
and can identify small areas. This is due to the greater detail available
on the aircraft imagery than on the digital tapes. The data will also be
more reliable and better suited to the necessary legal tests it will have

to face. However, the automated methodology can provide more rapid identi-

ufitation of any changes in the extent.of surface mining in a particular

area. In addition it could provide a continual updating of the progress of

;guch mining if this type of information was required.

Timeliness. The Missouri surface mined regions were mapped in three

person months. Seventy per cent of the state was covered by U-2 photos

and was mapped; the rest was covered using Tower altitude photos (8-19).
With the alternative method, the time required to perform the

analysis of data totaled 8 hours of computer time and 2 person-months
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of preparation and verification time; Total time involved in the actual

data processing is minimal and once such a system had been set up and

tested the verification and preparation time could be cut substantially.
As an aside, we note that to use low-altitude imagery exc]uéive]y for

a state with active strip-mining (such as I11inois), requires 24 person-

months annually. This includes all map preparation and field checking (B-21).

 Low altitude aircraft data is not used to identify and locate strip mines

but to map changes-in extent and condition in mines whose location is
known. Thus this activity is not comparable to the one we discuss here.
B.7 TOPOGRAPHIC MAPS

Topographic maps are among the highest priority data and information
needs of many state natural rescurce agencies. Much of the work and plan-
ning these agencies do depend upon the existence of accurate and up-to-date
1524,000 scale topographic maps. These maps are graphic representations of
the surficial features of the Earth. They include elevation contours, cul-
tural and natural features, and planimetric data.

B.7.1 Product Characteristics

Topographic maps are prepared in a variety of formats in the U.S.

However, the most. common and widely used type is the USGS 7 1/2' quad-

'grang1e, 1:24,000 scale 1ine maps. Characteristics of this map as stated in

- chapter 2 are presented in Table B-16.

B,7.2 Production Steps: Operational Method

Steps for'produging topographic maps by the operational method are
listed below (B-22).

1. Plan mapping site and data acquisition.

A) Select and specify scale and contour interval.

B) Product base maps from county maps.
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Table B-16:

Topographic Map Product Characteristics

Input Resolution

Area covered

Required coverage

Categories per product

Update Frequency

Platform

No. of products for
b5-state region

Product scale

2 - 3.3m (B-23)

2

155 km™ in 1:24,000 scale map

Entire 5-state region 835,530 km2, coveragé
70% complete with current program. But a
continual update program is desired.

5-6 per product Forest
~ Water
Urban

Contour and name
Base map

5 years (cultural features)
20 years (topography)

Low and medium altitude aircraft
5400

1:24,000
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Design flight lines on base maps.-
Plan flight times (depends on season, sun ang1e; etc.)
Mark existing ground control points (GCP's) on base map.

Make additional field measurement as required.

Obtain and check imagery.

A)

B)

c)

Contract for and obtain stereo B&W imagery from contractor,
Check image quality.

Check imagery for deviation from flight path and correct
over- and side-~lap.

Prepare imagery and map base for the stereoplotter.

A)
B)
C)
D)

E)

F)

G)

Produce diapositive plates.
Drill GCP's on diapositive plates.
Measure imagery scale and tilt,

Calculate by computer the projected positon of GCP's on
the map base,

Generate and plot by computer the projected position of
GCP's on the map base.

Generate and plot by computer the UTM map grid on the
mylar map base,

Align diapositive plates with GCP's in Kelsh plotter,

Produce original copy of base map.

A)
B)

C)
D)

Pencil topographic contours on map base.

Pencil cultural feature, forestry, water, etc. on other
map bases.

Check mapping accuracy.

Scribe mylar sheets.

Produce final copies.

A) Produce plastic copies of each base map.

B) Edit and mark words on overlay,

semamgeeniey
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C) Print map,

D) Check results,

TOPOGRAPHIC MAP UPDATE PRODUCTION STEPS

1. Plan imagery acquisition.

A) Design flight lines on base maps.

B) Plan flight times.

C) Mark existing ground control points (GCP's ) on base map.

D)

Mark GCP's in field.

2. Acquire and check imagery.

y
B)
)

Acquire high altitude stereo imagery.
Check image quality.

Check imagery for deviations from flight path and correct
over- and side-lap.

3. Produce inputs to update procedure.

A)
B)
C)
D)

Produce diapositive plates.

Drill GCP's on diapositive plates.

Measure imagery scale and tilt.

Calculate the projected position of GCP's on map base

by computer.

4, Update original topographic map.

A)
B)
C)
D)

Pencil areas of change on map base.
Check accuracy.
Scribe the mylar map base.

Produce copies of map base.

5. Edit and print updated map.

A) Edit and check for accuracy.

B) Print map.

C) Check results.
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B.7.3 Production Steps: Alternative Method

An experimental manual~interactive automated mapping sytem called the
Automated Cartographic System (ACS) has been developed by the Rome Ajr De-
velopment Center at Rome Air Force Base. This alternative system will not
be able to incorporate satellite data from LANDSAT-1ike satellites, which

provide little topographic data. The ACS was developed with custom-built

~4nd hard-wired equipment. Litle detailed information is available on auto-

mated cartographic systems since most have been developed by DOD agencies.
The information presented in this discussion of the ACS was gathered by a
review of a paper by D. Hall and personal communications (B-24, B-25).

The ACS was designed to compile or construct a complete map or chart
from aerial photographs and/or a series of large scale graphic source ma-
terials. The development goal is to automate, as much as possible, the
map-making process. The sytem as it is envisioned will proceed as indi-
cated by the production steps listed below:

1) Acquire imagery.

2) Rectify and geometrically correct imagery.

3) Input to analog or graphic to digital conversion system and
convert imagery to digital format.

4) Manipulate data to change scale, projection, or resolution as
desired.

. 5) Mark planimetric and cultural features.
6) Develop stereo model of terrain on image.
7) Construct topographic contours.

8) Check for accuracy. -
9) Final edit.

10) Produce output map.

B.7.4 Cost and Performance Comparisons Between Operational

and Alternative Production Methods
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B,7.4.1 Cost Comparison: 'Personnel, Equipment

We were not able to obtain specific cost information on capital costs
but major equipment which is used to produced topographic maps includes
Kelsh Plotters (these devices may cost from $50K to $100K), machines for
drilling and recofding GCP positions, and for updating cultural features,
orthophoto machines for correcting scale and tilt of aerial photographs. A
large scale computer would be required for the recording, translating and
manipulation of GCP coordinates onto a digital tape. The tape is then used
on a minicomputer and is translated into directions for driving an automatic
line plotting device. This equipment is extremely expensive and results in
a high overhead for the operation.

Table B-17 shows that the cost estimates derived from manual produc-
tion of a typical 1:24,000 scale topographic map indicate a total cost per »
map of $11.8K. This figure compares with the figures quoted by USGS of 3
$12K for a typical Missouri quadrangle (B-26). The cost estimates given are
the marginal costs per map for personnel and supplies; capital costs are
excluded. Equipment, personnel and facility costs for an actjve mapping
facility are substantial--on the order of several millions of dollars

per year. The equipment necessary to produce one map probably costs

In order to establish the alternative system, significant investments
in trained personnel and specialized equipment would be needed. Major
capita] costs of this automated system can be described as lying in three
areas: (1) software development; (2) personnel training and costs and;
(3) hardware costs. These costs are not currently specifiable, but
hardware types can be listed and the system configuration specified as
in Figure B~1, The hardware of such a system may be described as in the

following paragraph.
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Table B-17:

Topgra%hic"Map Production Steps, Costs of
Production and Time Estimates:
Operational System

Cost
Step ... . Estimate $

Time

Person Hr.

Plan imagefy to be acquired $ .2 K
Establish field control 1.5 K
Acquire imagery | 4.0 K
Check image quality | 2K
Produce diapositives and drill GCP's .5 K
Derive and plot contours and other map data 2.4 K
Check map accuracy | 5K
Scribe mylar sheets - © 1.0K
Produce feature separate (map pulls) 2 K
Edit and check for accuraqy . 4 K

Printing Cost 5 K

TOTAL ’ ' $11.8K

28-36
100-150
NA
16-40
48-56
80-160

- 24-40

24-72
2-4
24-36
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INTERFACE
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Figure B-1: -

Alternative Automated Cartographic
System Configuration
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i The AS~11B (Unit 20) system is an analytical stereoplotter system based
- on the solving of the photogrammetric equations relating to stereo models by
= a computer, This system is composed of a Calma 303 digitizer, a PDP-9/CDP
mini-computer, and Calcomp 563 Plotter. It also includes a Floating Arm
Graphic Recorded (FAGR)/PDP-7, whiﬁh is a manual linear digitizer. The}PDP-Q
is used as a cartographic Digitizer/Plotter for output plotting. The line

- printer is used as an additional output printing device,

The cost for the hardware described is in the range of $300,000 -

$500,000 for equipment purchase and rental. Costs of map production vary
with the amount of procéssing time required to develop the map and the per-
if sonnel time to supervise and interact with the system. The system designer
estimates the cost of making one map to be $4,000 - $6,000.

B.7.4.2 Performance Comparisons: Accuracy, Timeliness

The standard (operational system) specifications for topographic map

accuracy may be briefly summarized by saying that 90% of all well-defined

points on the ground must be located to within 40 feet of their actual geo-

b - ~graphic position. Similarly all such points must have an accuracy of eleva-
tion equivalent to one-half the contour interval (in most cases this would
be 5 - 10 feet). The literature which reports on the capabilities of the

~ RADC/ACS system states that the accuracies achieved by the system seem to be
within the standards set for national map accuracy. If the same preparation

[ standards are maintained, the ACS would be capab1e of producing usable map

products, similar to those currently coming from the various U5GS facilities.

The time delays of the current map production system are considerable,
- ranging from 6-8 months to 5 years. Actual production times make up a
= relatively small proportion of this delay; the greatest delays are in back-

logs of work at government printing offices and in contracting to private
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firms, In addition to Tong delays in printing maps, the field surveys and
manual compilation processes absorb several hundreds of person-hours. With
an automated system, time delays in production could-be cut and direct out-
put copy should be available on a short notice basis. However, for multi-
copy reproduction, time delays will have to be accepted until better
contracting or government production schedules can be worked out.
B.8 SLOPE MAPS

On the current map format, zones of slope values are delineated and
colored to differentiate slope values in an area. Such maps are used by
many resource and land management agencies and are often prepared at a
scale of 1:24,000 for areas corresponding to existing USGS 1:24,000 scale
topographic maps.

B.8.1 Product Characteristics

The characteristics of slope maps are Tisted in Table B-18. Character-
istics have been determined from current products and from user specified
modifications to current products.

B.8.2 Production Steps: Operational Method

The production of a slope map uses as input a topographic map of the

same area and of the same scale. Therefore, the production steps listed

~in Section B.7 for topographic maps can be considered as preceeding those

listed below for slope map production. Steps for the manual operational
method of slope map production are:

1) Acquire 1:24,000 scale topographic map for area slope map
is required.

2) Determine what ranges of slope zones are to be mapped.
3) Visually inspect and measure spacing of contour lines.
4) Outline areas with equivalent slopes.

5) Check for consistency.

o v - e e wes



o ce i i b PR M

[N, S

3

LI

PE—

{. s 1 AR ST s o A ¥ R

-141-

Table B-18:

Product Characteristics of Slope Maps

Input Resolution

Area Covered
Required Coverage

Categories per Product

Update Frequency
Platform

No. of products for
b-state region

Product Scale

Base topographic map with 2-3.5m
input resolution.

156 km2

Entire area (830,000 ka)

4-5 currently )
10-12 desired

20 years

Low altitude aircraft

5400

1:24,000
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6) Color or shade the slope zones;

7) Edit, check, and print as in topographic map production,

B.8.3 Production Steps: ‘Alternative Method

Again, the production steps listed below for the alternative method

for producing soil maps, necessarily proceed from steps for obtaining

topographic maps., The alternative method is that which is currently

“employed by the USGS on an experimental basis

1)

2

3)

4)
5)
6)

7)

8)

9)

10)

1)
B.8.4.

Acquire 1:24,000 scale topographic map for the area it is
desired to slope map.

Utilize brown contour plate of topographic map in question
for photographic processing into slope map.

The brown contour plate is photographed using a special
camera with a vibrating lens assembly.

This wobbling lens causes the contour lines on the map to
appear to coallesce or fade into one another when they
are in a certain range of spacings.

Five to six negatives are made of the various ranges of

contour spacing., These negatives represent the various
slope zones.

The zones are then transferred to a planimetric base for

the 1:24,000 scale topograph1c map on which the s]ope map
is based.

Produce copies of this map. ' ! o
Check for accuracy.

Edit and letter.

Final check

Print.

Cost and Performance Comparisons Between Production Systems
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B.8.4.1 Cost Comparisons: Personnel, Equipment

Costs of manually ﬁroducing slope maps by the operational method are
directly dependent upon the number of person-hours spent in production.
Little equipment or additional supplies are required. Estimates made
by federal and state agency personnel indicate that 50 person-hours may
be entailed in map production. At $15 per hour this would be $750.00

per map. These costs are less than the alternative method costs but yield

‘'substantial”™ + less accurate maps. The operational method depends on the

very subjective estimates of slope made by the person doing the map using a
topo map as a basis. In general, no very detailed measurement of the close-
ness of adjacent contour lines is ﬁade; but rather an overall classification
into areas of “steepnéss" is made. Step-by-step cost estimates are provided
in Tables B-19 and B-20.

The cost estimates which we made for the alternative method of slope
map production are based upon the time estimates we made for each produc-
tion step - Where possible we use official USGS hourly cost figures in
combination with our time estimates to derive total step-by-step costs for
product generation. These estimates appear in TableB-19.

B.8.5 Performance Comparison: Accupacy, Timeliness

Accuracy. Accuracy attained in slope production by the operational me-
thod has not been assessed; however, informal estimates by federal personnel
suggest that the accuracies achieved by manually classified slope zones

rarely exceed 60-65%. Very detailed slope zone mapping is often beyond the

capabilities of manual methodologies.

hccuracy standards for the alternative method of producing slope maps
are difficult to establish. We have been able to establish that the base

map conforms to USGS map accuracy standards. A1l slope zone boundaries are
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i Table B-19:

7 Cost and Time Estimates for the )
& : Operational Manual Production @
of Slope Maps :

Steps Cost Time

Acquire topographic map and copy $ 2.50 -

Determine ranges of slope zones $ 75.00 5 hrs

4 Inspect and measure spacing of contours $100.00 6 hrs

t% g Outline areas with equivalent slopes $475.00 3 hrs

Check (ground truth performed) $ 50.00 3 hrs

& Color or shade areas $ 50.00 3 hrs :

H
Repae

Printing costs $180.60 -

[

TOTAL $933.10 50 hrs
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Table B-20:

Producing Slope Maps

Hour

Total

Steps Time Costs Cost Cost/km2
1. Register topographic map onto

mylar overlay 2 hrs. $25 $ 50.00 $ .24
2. Photographically process to

derive slope zone 20 hrs. $25 $ 500.00 $ 3.72
3. Trénsfer to planimetric base 20 hrs. $25 $ 500.00 $ 3.22
4. Produce copies of map 5 hrs. $10 $ 50.00 $ .32
5. Check for accuracy 5 hrs, $10 $ 50.00 $ .32
6. Process and Print $ 750.00 $ 4.84

TOTAL $1900.00 $12.24

*Costs of producing slopemaps do not include those costs incurred when gene-
rating the topographic contour data needed in the production process. Those
costs would be additional to the cost estimates listed above.
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gns

located to within + 10 feet of the actual slope zone break. Thus, the semi~

=

automated alternative products are substantially more accurate than those now

operationally produced. The slope zones could be delineated in any range

of slope zone values desired. The 5-6 zones delineated on current products,

L tmncy |

however, are not sufficient for many user needs. It may become necessary to

erect more slope zones, each with smaller ranges of values in order to over-
come user dissatisfaction with current products,

Timeliness. The time required to produce slope maps by the manual me-
thodology described above has been estimated by EODMS staff in conjunction
with agency personnel who have actually produéed these maps. For slope maps
at 1:24,000 scale with 4-5 slope zones, the estimated total time is
: i 242 hours.
oL For the semi-automatic methodology of the USGS, the EODMS staff has de-
| veloped estimates for production times of 160-180 hours. This estimate was

made in conjunction with USGS personnel.
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APPENDIX C: AN ANALYTIC METHOD FOR.ESTIMATING COMPUTER
IMAGE PROCESSING TIMES AWD COSTS

C.1 INTRGDUCTION

This appendix provides more detailed information on the analytic

method for cost and time estimation which is summarized in Section

4,3.2. The development begins by determining the computational requirements* i
of image processing algorithms from functional descriptions** of ecach algo-
rithm. We next specify a per product computational load*** from the mix of
algorithms used to produce the information product from raw data. In turn,
the computational load determines processing costs and times for a product
on aﬁy particular computer system for a given menu of products.

Section C.2 evaluates computational requirements of importart image

processing algorithms. Section C.3 presents estimates of times and costs ;

and also for combinations of algorithms required to produce a

typical information product, Level II Land.Use/Cover maps.

We also compare our estimates of processing costs on ah IBM 360/67
with actual prices charged by LARSYS using the same algorithms, data loads, é

and computer. The comparison shows that our estimates are somewhat low,

because they do not take overhead into account.

* By an algorithm's "computational requirements", we mean the number of '
computer operations (add, multiply, etc.) required to perform an algo-
rithm,

** By an algorithm's "functional description", we mean a 1ist of steps
which the algorithm takes.

***By a product's "computational load", we mean the total number of opera-
tions the computer must perform to produce the product.



o E‘L.Q - 1 e T T T SRR S i 1 R
: g s 3 Hemmr e B SRR 5 B ’ .

e

[E——

5 ]
e 2

Creime

-148-

C.2 FUNCTIONAL DESCRIPTIONS AND COMPUTATIONAL REQUIREMENTS OF IMAGE
PROCESSING ALGORITHMS

We develop functional descriptions for algorithms for reformatting,
geometric correction and registration, contrast enhancement, and classifi-
cation. From these descriptions, we estimate the computational requirements
of each algorithm in terms of the number of basic operations (add, multiply,
etc.) required. Table C-1 summarizes our results.

To illustrate how the computational requirements of Table C-1 are de-
rived, we generate a functional description of the maximum 1ikelihood algo-
rithm and use the description to determine the algorithm's computational
requirements.

The maximum likelihood algorithm computes a measure of the 1ikelihood
that an observed pixel value comes from a particular object class. The
pixel is assigned to the class for which this measure is greatest.

For Gaussian-distributed data (a common remote-sensing assumption),
the 1ikelihood measure that a pixel X represents class k is given by

LX) = In(p(K)) = 172 Tnfg, | = 172(x - )T g7 (x - 1) (c-1)
where p(k) is the probability of object class k, B& is the mean vector
(average pixel brightness values) associated with object class k, Ek is

the kth class' covariance matrix (a measure of the variation of brightness

. values associated with object class k), and ]gk] denotes the determinant of

this matrix. -Mk’ gk, and p(k) must be known before Lk(g) may be found.
"Training the classifier” simply means estimating M , gk, and p(k) for
each object class of interest. |

Equation (C-1) reduces to

L) = £(K) = 17208 - m)T g7 (X - 1) - (c-2)
where f(k) = 1n p(k) - 1/2 lnlgkl, is a known gquantity, for each class k,

k=1, 2, ..., C. (C is the number of possible classes).

&
!
i
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Table C-1: Algorithm Computational Requirements

f Moves (1 byte

DRy St

' f Disc Accesses
? within main {Read/Mrite ¥ .
12 Task menory) lines® data) # Adds # Multiplies # Compares
Wkeformat CCT's 2BNp 5460/1 .- - -
]
*petemine Resample
Coordinates
a) Linear Transformation 4Np 2340/1 ~2NP- 4Np .-
£
-2 b) Affine Transformation
wW/Bilinear Inter-
. polation (30 4N 2340/4 94,000 + 18N 56,000 + 10N 19,000
% triangles, 20x20 P P P
; i Interpolation Grid)
) Least Squares Fit “ ) ad + i’ ant + 1503 + 18401
# W inear Inter- 340/ -
4 potation (Dogree = K, P + 329202 + 9799N Y5489 + 3623
e x20 Interpolation + 10N
&rid) +4828 + 188, p
gkesample
= @) Nearest Neighbor ZBNp 4680/M 4Np -- 2Hp
¢ b) Bilinear Interpolation BNp 4680/M (6 + BB)Np (1 + 4B)Np -
¢) Cubic Convolution BNP 4680/M (28 + ’ISB)Np {20 + 2()!3)Np -
ET \
L, Contrast Enhancement ZBNp 4680/M 1288 1288 14,1618
- Classification: 9 2 5
= a) Gaussian (%] 2925/M [c{B + 8 + 3)-1]n (B + B +1)CN (C-1)x
§ Maximum 1ikelihood p P P P
(C classes)
- ,
© b) Clustering . !
(C eraeses, 1 IcH, 29251/M BI[(C + 3)N, + 3C + 1] [BI[SC + (C + 1), + 1) T
: {terations) cle1 3 cle-1 3 ’ p
'; T S I R (x +q

L

]

| %

i

L=

¥
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Notes: &) B = # of bands (4 for current LANDSAT)
b) K, = # of pixels (7.6 x 10% for one LANDSAT {mage)

¢) M = main memory size {bits)

1.058 x 10°

d) 4M = § of imagery lines able to be stored in main
r

memory
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Given the observed brightness values X, the maximum 1ikelihood algorithm
computes Lk(ﬁ) for each of the C object classes and assigns the pixel to the
class having the largest value of Lk(x). A flowchart illustrating this pro- ‘”
cedure appears in Figure C-1. ;

Specifying the computations required to perform this algorithm peFmits
us to determine the number of computer operations of various types ?éﬁuired
to run the algorithm on a given set of data, i.e., the algorithm's "compu-
tational requirements". For example, one of the steps in the flowchart of
Figure C-1 is gz(k) = Qk-] lq(k). gk'1 is a BxB element matrix, where B
is the number of data bands used; Zq(k) is a B element vector, each of whose
elements is the dot product of a row of Qk'] with Xq(k)- Thus, for B band
data, calculating ge(k) requires szmu]tiplies and B(B-1) additions. The
number of computer operations required for each of the algorithm's other steps
can be similarly determined by inspection.

We then find the algorithm's total computational requirements by multi-
plying each step's requirements by the number of times thé step is executed,
and totaling the results for every step. For example, the\step Xe(k) =
gk'151(k) is executed C times for each pixel, where C is the number of ob-

Ject classes of interest. Therefore, when classifying Np pixels into one

of C classes, the step xz(k) = Qk'lgq(k) contributes CNpB2 multiplies and

CNpB(B-l) additions. The maximum 1ikelihood algorithm's total computational
requirements, found by summing each step's total computational requirements,
are given in Table C-1.

C.3 PROCESSING TIMES AND MARGINAL PROCESSING COSTS FOR IMAGE PROCESSING
ALGORITHMS ON SELECTED COMPUTER SYSTEMS

C.3.1 CPU Time Required

The computational requifements determined above allow us to estimate

the CPU time required to perform each algorithm on any serial computer. As
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g& examples, we chose three systems with different capabilities: the IBM 370/195,
f“ = the Univac 1108, and the IBM 360/67.* Using published figures (C-1, C-2)
% §[ listing computer instruction execution times, we first determine the time
needed to accomplish the required numbers of each instruction. For example,

if an algorithm requires 106 add operations to process a given amount of

gr ? data, a computer which takes 5.4 usec to fetch data and execute a simple add
| operation will require 5.4 seconds to perform the adds.

The total estimated CPU time to perform each algorithm is the sum of
_— the times needed to perform the algorithm's required computer operations.
| A summary of each algorithm's computation time for the selected computers
£~ - i is given in Table C-2. Table C-3 lists the operatioh execution times from
‘ which these figures are derived (C-1, C-2).

€.3.2 CPU Costs

. i We estimate each computer's cost per CPU minute by assuming that the
| monthly cost of operating a computing facility is equal to twice the com-
puter's monthly lease cost (a reasonable assumption in costing computing
facilities, made to allow for salaries of operating personQel and for main-

tenance) and that 140 CPU hours of operation are realized monthly. Under

.y these assumptions, the cost per CPU minute is given by
| i Cost per CPU minute = 2(com$28e;r17;§ed cost/mo) X Gohgin (C-3)
b . The corresponding costs per CPU minute were $28.57 for the IBM 370/195,

$10.71 for the Univac 1108, and $5.48 for the IBM 360/67. Table C-3 lists
{ the cost of performing each algorithm on each of the computers.

C.3.3 Processing Costs for a Level II Land Use/Cover Map

As an example of how the computational estimates can be used to assess

the cost of an entire processing sequence, we compute costs of processing

¥ ®
Cmairmm

*Computers for illustration only.
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‘ i Table C-2: Algorithm Processing and Costs for One LANDSAT IMAGE

A CPU Time
A Fé CPU Cost
“ Task Algorithms IBM_370/195 Univac 1108 1BM 360/67
iﬂ Reformat CCT's Reformat : '5.72~§cg_._ 10.12 sec.. 5.67 sec.
- : 2 8180 730,52
3 Determine ‘
i Resample 1. Linear Transformation 9.37 sec. 112.95 sec. 248.48 sec.
. : Coordinates VA 32016 32269
AN 2. Affine transformation :
w/Bilincar Interpolation 30.02 sec. 459.92 sec. 1.,256.30 sec.
3 : $14.29 $82.10 $114.74
- 3. Least Squares
1 Transformation w/Bilinear 30.03 sec, 459,95 sec. 1,256.29 sec.
1 A Interpolation (N-4) $14.30 $82.10 $114.84
Resample 1. Nearest Ncighbor' : 10.73 sec. 95.41 sec. 251.32 sec.
| i, ' /AT $17.03 $22.95
2, Bilincar Interpolation 38.50 sec. 598.62 sec. 1,616.20 sec.
318733 $106.85 $147.61
| 3. Cubic Convolution 197.57 sec. 3,242.40 sec. 8,761.11 sec.
- o $94.07 $578.77 $800.18
Contrast Erhance 5.73 sec. 10.23,sec. 5.99 sec.
W Enhancement . T§2.73 $1.82 ~$0.55
’ Classification 1. Maximum Likelihood © 1,707.94 sec. 28,075,87 ‘sec. 76,257.86 sec,
- (37 classes) : $785.09 $5,011.54 $6974.02
: 2. Clustering : 5,615,34 sec. 87,785.32 sec.  238,307.45 sec.

(15 iterations) T%2,673.83 T$15,669.68 T $21,765.4T

al 3511?11\74[} PAgg
O0R QUALITII;S

r
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1
% ' Table C-3: Execution Times for Operations
b on Typical Computers*
1
3
} Computer Execution Times (microseconds)
Mé for for for for

Move Add Multiply Compare

i
B . ,

o 1. IBM 370/195 0.0945 - 0omn 0.16 0.1
1 : '
3 f 2. Univac 1108 0.1667 1.875 2.62 1.875
¥ 3. IBM 360/67 0.0938 5.4 6.8 5.4 :
] :
iy ! ;
!
| *Computers for illustration bnly. Figures taken from (C-1, C-2)
| |
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37-category Level II Land Use/Cover Maps* for the state of Missouri on an
IBM 370/195. Level II Land Use/Cover Maps are used in a variety of appli-
cations areas; as defined by (C-3), the maps classify land use/land cover
into one of thirty-seven classes. The equivalent of 5.3 frames of LANDSAT
data must be processed to prepare maps covering the entire state of Missouri.
| One algorithm sequence which might be used to process LANDSAT data for
Level II Land Use/Cover Maps is illustrated in Figure C-2**., Feedback
arrows in Figure C-2 indicate that an algorithm must be performed more than
once. For example, two iterations of the linear transformation algorithm
are required. The first iteration corrects systematic errors in the data.
By comparing the once-transformed data with ground control points, the
analyst can achieve better registration during a second transformation.

The CPU costs of the processing sequence of Figure C-2 applied to a
full LANDSAT image are summarized in Table C-4. Under our assumptions on
number of iterations used, the total CPU cost to process a single image
into 37 classes is about $16,000; processing the equivalent of 5.3 images
to cover the state of Missouri costs about $85,000. Recall that this cost
includes only costs associated with operating the computer éenter.

Computation times can be determined similarly, using the estimates

of rejquired computation given in Table C-1. An IBM 370/195 system requires

approximately 560 CPU minutes to process a single LANDSAT image into 37

classes,

* This calculation is only an excercise. Only 28 of the 37 Level II Land
Use classes (as defined in (C-3)) are relevant in Missouri.

**Experiments in which LANDSAT data was processed using algorithmic sequences
similar to Figure C-2 (e.g., (C-4)) have not yet achieved Level II accuracy.

The sequence does, however, provide an illustrative example of a typical
processing technique.
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Read and Reformat
CCT Data

Y \E

Linear Transformatlion

f~aRef1ne Transformation
Coefficients, 1 add'l

Iteration
\Y2
Nearest Neighbor
Resampling
A4
Contrast Eanhancement
\ ]
Cluster Analysis of 10% ¢~ Automatically Refine
of Image to Develop Spectral Signature
Spectral Signature Clusters (approx. 14
Estimates iterations)
‘ N \_l, N
Maximum Likellhood <F~~Manua11y Reline
Classification into Spectral Signature
37 Classes Estimates (approx.
| . 19 iterations)

’
‘ END )

Figure C-2: Processing Sequence for Level 1I Land Use/Cover Maps
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Table C-4: Costs For Processing One LANDSAT Image
For Level II Land Use/Cover

Cost per CPU minute = $28.57 for IBM 370/195 system.

Reformatting : $ 2.72
Geometric Correction ‘

2 Iterations 19.14
Contrast Enhancement | , 2.73
Cluster Analysis of 10% of Image

37 clusters, 15 iterations 267.40
Maximum Likelihood Analysis

37 classes, 20 iterations 15,425.80

$15,993.79
.

R T LR

g v et




T

14 4
R—

e

oaw e ! 1

'-158-

C.3.4 Cost Variation with Number of Iterations and Number of Classes

Table C-4's cost figures for Level II Land Use/Cover maps assume 20
maximum 1ikelihood iterations and 37 classes. Since the costs are very
sensitive to these assumptions, here we briefly discuss how costs vary when

these numbers change.

Figure C-3 shows that costs are a linear function of the number of

maximum 1ikelihood iterations used. The figure emphasizes the importance

of this number to total cost.

The number of classes is also important--not only because it directly
influences the cost per iteration of the classifier algorithm, but also
because more classes mean more iterations will be required. As more object
classes are requested, spectral space is divided into more and smaller de-
cision regions. The number of decision boundaries increases, and because
the decision regions themselves are shrinking, boundary placement gets more
critical. Therefore, not only will the classifier have to be trained to re-
coghize more object classes, but each class's spectral signature will have
to be more closely approximated. Achieving this closer approximation will
require more maximum 1ikelihood iterations before a given accuracy can be

achieved.

Currently, no one is computer-classifying remotely-sensed data into a

-—large number (20+) of classes on a production basis. As a result, we have

had to assume a relationship between the desired number of object classes
and the required number of iterations. We estimate that to achieve a
given percentage accuracy, the number of iterations required will vary ex-
ponentially with the number of object classes, as graphed in Figure C-4.
Processing costs for complex products will be relatively high. Never-

theless, as we saw in Section 4.4., an EODMS providing extensive ground
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truth, and cost-sharing through the priority product concept, should

allow products to be produced at an acceptable cost.

C.3.5 Table Lookup Classification Algorithms to Speed Classification

The processing costs determined in Table C-4 are very high, and by
far the largest contributor to these costs is the 20-iteration, pixel-by-

pixel, maximum 1ikelihood algorithm assumed.

classification, can speed classification considerably when it is possible to

apply this method.

Let us assume for the purposes of this discussion that we must classify.

a LANDSAT Follow-On image on a CDC-7600 (the situation discussed in
Section 4.4). Rather than perform the Tikelihood calculation for each
of the 54,000,000 pixels in the image, the classification can be performed
for all possible combinations of values of radiance in the bands under con-
sideration, and stored in a table. The radiance value for each pixel is
looked up in the table to find the most likely class, which is far faster
than computing the most 1ikely class.

The limitation of this method is that a huge table of data must be

stored and quickly accessed. The table size can easily exceed the core

size of the computer and much of the speed advantage can be lost. Reducing

“the number of bands of input data and the range of values within each band

used during classification may at times solve this problem. For example,
if we have reduced the input to three spectral bands and 64 gray levels
(6 bits) in each band, there are (26)3 = 218 ¢ 263,000 possible values.

A table of this size will fit in the 650 K byte core of the CDC 7600.
C.3.6 Comparison of Qur Estimates to Actual LARSYS Costs

As a check on our cost estimates, we use the method developed here to
estimate costs of processing LANDSAT data on LARSYS. We then compare our

estimates with the true processing costs realized by a paSt LARSYS user as

Table lookup, another means of
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shown in Table 4-2.

We estimate using our analytic technique that to process data on an
IBM 360/67 would cost $5.48 per CPU minute. LARS charged $6.00 per CPU
minute as of December 25, 1973 (C-5); currently, LARS charges $4.83 per CPU
minute (C-6). Then we estimate that to classify a full frame of LAMDSAT data
into 37 classes using the maximum Tikelihood algorithm would cost $6975 per
.iteration. Interpolating in Table 4-2 to find the estimated cost of maxi-
mum 1ikelihood classification into 37 classes given by the simple method
described in Section 4.3.1, we obtain a figure of $8100 per iteration.

Comparison of our processing cost estimate with the estimated LARSYS
cost thus shows that cur cost estimate is low. This is to be expected;
our functional descriptions do not completely account for system overhead,
etc. In addition, our processing cost does not include salaries for the
consultants and other staff required to effectively use a specialized data

processing system. The combined estimation method of Section 4.3.3 ameliorates

this situation.
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APPENDIX D
DATA NEEDS ANALYSES: A BRIEF REVIEW OF RELATED STUDIES

A major element of the EODMS project was to identify in detail the
data needs of state, local and regional agencies in a five-state region
of Missouri, I1linois, Iowa, Minnesota and Wisconsin. Tn this Appendix,
we review briefly several studies which fall broadly within the category
of data needs analyses. The first of these reports described below,
the TAC Report, was helpful during the formative stages of the project.

The EODMS data needs analysis seems to differ quite significantly
from previous work in two critical aspects:

1) In the EODMS project, staff members interviewed, met
with and interacted with personnel from many state
agencies in the five-state study region over a sustain-
ed period of time. The level of interaction was de-
tailed and personal. We returned to agencies to confirm
our findings of data needs and to get additional inputs.

2) We defined a set of priority information products to be
delivered by an EODMS system through detailed knowledge
of agency data needs coupled with an understanding of
agency technical and institutional capabilities, and
remote sensing technology. The list of priority informa-

~tion products was refined through a continuing process
of agency interaction and feedback.

A Study of the Needs and Problems of State Agencies in the Area
of Natural Resources and the Environment To Which Remote Sensing

Could Contribute. Technology Applications Center, (TAC); University
of New Mexico, June 1974,

The Technology Applications Center studied published materials, and

a survey team of five members conducted 341 interviews, in order to identify |

the working level needs of sta*te and local government agencies in the
areas of natural resource management, environment, and land-use planning.

The first stage output is a list of 5Z0 "problem-statements", some of
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which are data needs (for example, "determine acreage by crop type",
"determine amount of irrigated land"), while others are tasks (for
example, "management of grasslands"). After some problem statements
are screened out as "not related to remote sensing", (for example,
"develop means to study marine fish resources") an attempt is made to
match as many as possible of the remainder to technologies currently
available or likely to be available in the near future. In assessing
the current or Tikely availability of technologies, project staff relied
heavily on published reports of ERTS* principal investigators, and
it is emphasized that the P.I.'s conclusions about the feasibility of
various technologies are highly tentative. The results of analysis
are: 1) "potential near term applications": tasks which may be per-
formed using primarily unaltered ERTS imagery, traditional photo-
interpretation equipment, and untrained interpreters, and 2) "potential
medium-term applications"; problems for which current research has
established the capability of ERTS technology to contribute, but
further process development and training are necessary before the
technology can become operational in the state environment; precision-
processed and/or electronically enhanced imagery, and/or digital data
may be required, and hence appropriate equipment and trained personnel.

The TAC study Tists the following items as significant areas of
concern where remotely sensing can aid in decision making on a national
scale:

1) Data to construct inventories of natural and cultural resources.

2) Data to provide national controls on urban encroachment.

*Now LANDSAT.
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3) Data to provide a national basis for protecting water quality.
4) Vegetation mapping.

5) Soils mapping.

6) Data on pest infestations of vegetation.

7) Air pollution detection.

8) Sedimentation in streams and other water bodies.

9) Mineral exploration and mapping of deposits.
10) Flood-plain mapping and flood-effect management

Problems of regional scale which remote sensing might help solve

include:
1) Inventory/monitor the marine/freshwater interface.

2) Solid waste disposal.

! 3) Transportation planning.

4) \Water quantity measurement.

5) Saline seep.

6) Acid seep from coal mines.

7) Forest fire mapping. S

8) Monitor, control, and eradicate noxious aquatic plants.
9) Maintain navigable channels through ice on waterway.

Information/Data Handling Requirements for Selected State Resource

Management Programs. Department of the Interior's Office of Land
Use and Water Planning and the U.S.G.S. RALI Program. Technical
Supporting Report C (Draft), July, 1975.

The authors attempt to identify data currently used and additional
data needed in the administration of four state programs for natural
resource protection: wetlands, wild and scenic rivers, coastal zone
management, and critical areas.

| The authors originally hoped to identify data ﬁéeds by

referring to relevant state and federal statutes requiring
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resource management programs, but they found this legislation lacking

in specificity as to data to be gathered, scale, resolution and format.
Conseduent1y they supplemented their analysis of state laws and program
materials with consideration of guidelines, permit applications, program
evaluations, atlases. applications for federal funds, designation studies,
and management plans. Some interviewing of agency personnel was done

but the major emphasis of the study was on analyzing needs through the
statutory requirements. The result of the study was the production

of a handbook to aid states in setting up the information/data handling
requirements of resource management programs.

Survey of Users of Earth Resources Remote Sensing Data. Batelle
Columbus Laboratories. Columbus, Ohio, March 37, 1976.

This study was performed under NASA User Affairs - Office of
Apé]ications sponsorship in response to a request by the Space Applica-
tions Board of the National Research Council. It is "a user survey
to‘determine current ERS* data use-user status and récommendations
for strengthening use," i.e., the study does not attempt to identify
new markets. The survey is limited to users of high-altitude aircraft
and satellite (primarily LANDSAT) data, but claims comprehensive
coverage of industrial, government, educational, and, to a lesser
extent, foreign users. Interview with 389 users were performed and
772 mail surveys were conducted. The study was roughly a one person-
year éffort over a six-month period.

in the analysis of results, four Tevels of datz use are defined:

Planned/Potential - no or few programs currently using ERS data,

but data requirements which ERS can satisfy.

Experimental Use - evaluation of use/application possibilities (involves

technical, economic and institutional assessment).

*Earth resources survey.
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Quasi-Operational/Demonstrational Use - development and demonstra-

tion of a methodology and/or system for routinely
using an earth resources survey system.

Routine Operational Use - user financed employment of a methodology

and/or system for routinely using satellite data.

The study reached several overall conclusions which the authors state
as. follows:

1) "An extensive and increasing number of explicit and identifible

ERS data users exist. ' |

2) The extent of ERS Data Center* use varies significantly

among the user communities.

3) ReTative discipline use of ERS data is fair]yAuniform.

4) The utility of earth resources data varies among users and uses.

5) Significant increase in ERS data users, uses, and value

will result from planned and possible improvements in future
LANDSAT system capabilities.”

The Batelle study also comes to a number of 1mpor§ant conclusions
concerning state and local users. This sector purchases only one percent
of all LANDSAT data. No state was found to use LANDSAT data on a routine
operational basis but some found the data to be valuable. "uUntil LANDSAT
data and LANDSAT data products are a routine data base by state user
agencies, and until the state users develop confidence in the validity
of the data, federal and/or federal regional centers will have to carry
the thrust of the research to develup the application systems." The reader
fs referred to the report, pp. ?6-7& for the complete summary and outlook

on state and local users.

*Includes EROS, USDA Data Center in Salt Lake City, NOAA Center in Suitland,
Maryland.



s

cees- <?

-167-

Practical Applications of Space Systems. A Study by the Space
Applications Board of the Assembly of Engineering, National Research
Council. 2101 Constitution Ave., N.W., Washington, D.C. 20410.

NASA was concerned to understand the needs of resource managers and
qther decision makers as a guide to the development of future space
Systems for practical applications, and to see how these applications
would influence or be influenced by the Space Shuttle System. A
"representative group" of users and potential users and academics con-
ducted an intensive two-week study in July 1974 to define user needs
that might be met by information or services derived from earth orbiting
satellites. This report summarizes the SAB's conclusions upon review
of the findings of this two-week study. The report indicates promising
future applications, directions for further R&D if certain user needs
are to be met, as well as institutional or organizational changes
necessary to realize certain socio-economic benefits.

Users were grouped in the following panels: Weather and Climate:
Uses of Communications; Land Use Planning; Agriculture, Forest and Range;
InTand Water Resources; Extractable Resources; Environmental Quality;
Marine and “aritime Uses; and Materials Processing in Space. There were
also three non-user panels: Information Services and Information Proces-
sing; Costs and Benefits; and Institutional Arrangements. The study con-
cjuded that space technology offered significant benefits to users in
all of these fields.

| As a “"needs analysis," the SAB Report relies upon the judgement
of users and experts. However, relatively few of the panelists appear

to be from state, local and regional government agencies. The agricultural
panel appears to have taken the approach of seeing what sensing capability

might be available (i.e. 80 meter resolution in 1975 and 30 meter
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resolution in ]986) rather than start with the perceived needs of
individuals working in agencies. A discussion of the SAB's findings on
institutional arrangements for a large scale space applications system
is included in Appendix E of our EODMS Report.

Recommendations for the Assessment, Inventory and Implementation

of A Critical Resource Inventory Program (CRIP) For Wisconsin.
February 1, 1974

This study, funded by the Upper Great lLakes Regional Commission
and the Department of Administration, State of Wisconsin, was produced
by the Environmental Monitoring and Data Acquisition Group, Institute
for Environmental Studies, University of Wiscdnsin, Madison.

The object of the study was to define, inventory and assess Wiscon-
sin's critical resources in order to pian their use. This involved the
investigation of existing and potential information sources, and recom-
mendations regarding an information system for the state. "Significant"
and "critical" are defined in relation to resources. Procedures for
measuring relative criticality are established. During the CRIP in-
vestigation, there was extensive communication with planners in Wiscon-
sin and in other states.

Some of the conclusions of this study which are re]evanp to data
needs include the following:

1) Data gathering should be designed to better meet data needs.

2) Additional funds should be allocated for data gathering.

3) There should be a recognition of data needs for all phases

of critical area management.
4) Scarce funds should be allocated to essential data.

5) There is a need to define specific program needs.
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6) There is a need for combination and cocrdination of data
gathering efforts involving several levels of government.
7) Data gathering priorities need to be established.

8) Some data gathering should be done by land developers.

State Government Activities in Remote Sensing., Ambionics Incorporated,

November 1975. (NASA-CR-147927). Prepared under NASA Contract NASW-
2756.

The Ambionics report is a survey of state agency activity in remote
sensing. The basic method for the survey appears to have been telephone
interviews with agency personnel involved in remote sensing activities.
The Ambionics group interviewed persons in every state and also per-
fokmed a literature review-for documents relating to state agency remote
sensing applicaticns in regional interstate agencies, federal agencies
and the private sector. The result of that work was a "Users Reference
Manual" on remote sensing app]iﬁations.

The results of the current work suggest that application of LANDSAT-
type data in land resource planning and management will come about through
the effqrts of state and federal agencies or through a regional approach.
It was also suggested that it is unlikely that cities and other localities
will ever become major direct users of satellite imagery in the near
future, although the reason for this conclusion is not stated.

Natural Resource Data Needs and Recommendations. The Council of
State Governments, Lexington, Kentucky, February 1976.

This report is an attempt by a consortium of five groups (The Council

of State Governments, Institute for Environmental Studies of the University

of Wisconsin, American Society of Planning Officials, Arthur D. Little, Inc.

and the U.S. Geological Survey) to identify the users of land resources
data and their specific data needs. After lengthy consideration of the

needs and problems of land resource agencies, the report presents a list




oy sy

S
;‘w "

LS oo ek

-170-

of 18 summary recommendations regarding data needs and agency policy

to meet them. Recommendations are grouped into three major categories:

¥

SRR
R

. 1

2)
3)
4)

5)

i) data users and data needﬁ; ji) data users and formal neceds; and iii)
» accessibility and responsiveness in the provision of data.

The study was designated to support a USGS Resource and Land
Investigations (RALI) Program goal of improving the responsiveness
of USGS programs to user agency needs. |
; Some of the recommendations of the report most relevant to

data needs are as follows:

In urban, urbanizing or other areas confronted with the
possibility of near term future developments, soils,
geologic, and hydrologic mapping should continue.

Production of USGS, 7 1/2 minute topographic maps should
continue.

Aerial photography and orthophotoquad production should
continue.

Federal agencies should continue their involvement in
flood plain mapping.

The provision of detaijled maps or data products should
become a regularized and readily accessible service to
state data users.

On State Use of Satellite Remote Sensing. National Conference of

1
2)
3)

State Legislatures, Denver, Colorado, August 1976.

With support by NASA, the National Conference of State Legislatures
(NCSL) appointed a Task Force to review the applications and limitations
of the LANDSAT Follow-on Program. The NCSL report evaluates the follow-

ing five subject areas:

The proposed capabilities of LANDSAT Follow-on.
Existing satellite applications used by state agencies.

Existing state and federal Tegislation and regulations which
mandate state natural resource programs.
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The inferred data needs of these programs.

An analysis of the feasibility of the Follow-On Program to
meet those needs.

Task Force made the following recommendations:

Congress should make a firm commitment to insure the
operational status of the satellite system.

The states should take responsibility of providing some
form of support for this system.

For an effective technology transfer process, NASA, in
its research and development role, should establish or

employ an agency or firm of an operational nature to
carry out this process.

Both the private sector and universities should be
encouraged to attempt development of effective, in-
expensive data products for state use.

It is important to inform and update state legislatures

- regarding the potentials and limitations of this technology

6)

system for their states.

Regional user assistance centers should be established.




e e i kb i G5

e B e

g

I e (s e g s e
{ h i !

-172-

APPENDIX E
OUTLINING EODMS SYSTEM ALTERNATIVES:,
A BRIEF REVIEW OF RELATED STUDIES

Several previous studies, to varying degrees, address the problem
of outlining EODMS alternatives considered in Chapter 6. In this Appendix,
we provide brief summaries of those studies we are aware of which seem
most germane to this effort.*

Our analysis of EODMS alternatives represents a step beyond previous
analyses because we have made an effort to integrate technical, economic
and institutional considerations into the analysis of alternatives, based
bn carefully examined user needs. Some of these elements are present in
previous reports but none appears to have taken a comparable wholistic
approach. Other basic differences include the heavy emphasis on state,
local and regional requirements in the EODMS study and its end-to-end
systems approach, from data acquisition to product delivery.

Repri of the Federal Mapping Task Force on Mapping, Charting,
Geodesy an.. Surveying. Office of Management and Budget, July, 1973.

A federal task force was established under the Office of Management
and Budget in cooperation with the Departments of Interior, Commerce,
Agriculture and Defense to review the status of federal mapping, charting
and geodetic programs. Their review was motivated by three major problenms:

1) A rapid growth of uncoordinated non-cumulative single

- purpose surveying and mapping activities which benefit
only one user,

2) A growing body of unmet national needs for products and data.

3) An inability on the part of the federal mapping community
to deal efficiently and responsively with these needs.

*Information on computerized geographic information systems is included
in Appendix F.
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The review prepared by the task force comes to several conclusions
regarding mapping efforts which are significant for the EODMS concept.
Specifically, the mapping task force recommends that all federal mapping
activities be placed under the aegis of a new federal agency.* It also
recommends more interaction with the user community, a greater sensitivity
to non-federal agency information requirements, and a greater degree
of cooperation between defense and civilian mapping agencies which is
stated to be needed in order to facilitate transfer of new automated
technologies to the civilian sector. An extensive analysis of functions
in existing agencies which could be transferred to a new mapping agency

is also included.

Food Information Systems: Summary and Analysis, Office of Technology
Assessment, United States Congress. August 1, 1976,

This report was produced by the Office of Technology Assessment
at the request of the United States Congress. It was designed to answer
the following questions about U.S. food information systems:

1) Why had the U.S. food and agriculture information systems
failed to give warnings of impending shortages?

2) Are existing food and agriculture informdtion systems adequate?

3) Have appropriate steps been taken to correct the deficiencies
that existed in 1972-73?

While the substance of this report may not be directly related to
the subject of EODMS design, some of the aspects of the food and agricul-
ture information programs it discusses are relevant. In particuiar, the
OTA report discusses the impacts of the LANDSAT and LACIE (Large Area
Crop Inventory Experiment) programs on improving the flow and continuity

of information,

*Some of the ideas developed in this report were used in outlining the
System B alternative in Chapter 6.



ey ey

1

14

-174-

Three conclusions of interest are:

1) The major problem with use of LANDSAT data in food and
agriculture information systems is the inability to use
or experiment with the data on a near real-time basis.

2) A centralized multidisciplinary data processing and
analysis facility should be established,

3) An early decision to authorize a continuing LANDSAT pro-
gram would speed the adoption and broaden the use of
remotely-sensed data.

Practical Applications of Space Systems. Space Applications Board
of the Assembly of Engineering, National Research Council, Washington,

D.C. 1975.

This report has been discussed earlier in Appendix D. The SAB
work covers both data needs and analysis of possible institutional ar-
rangements to manage satellite-based data gathering. The institutional
arrangements section of the report is summarized here. Particular
emphasis was placed on those arrangements which would serve in a transi-
tion period from the current experimental situation to full operational
status.

It was concluded that there "exists atvpresent no institutional
mechanism that permits the large body of potential users --- to express
their needs and to have a voice' in matters leading to the definition of
new systems." A mechanism is needed to provide general policy direction,
set priorities, establish pricing policy, provide for communication be-
tween users and providers, and encourage non-federal investment.

- The Board considered four options:
Option I - An Existing Operating Agency
Option II - A New Agency Established for the Purpose

Option III - A Space Applications Corporation Chartered by the Congress.

Option IV - A Congressionally Mandated National Council.

S g g e
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After weighing the advantages and disadvantages, the Board recommended

that there be established by statute a National Space Applications

Council, charged with responsibility for the functions described above.

They also believe that a Congressionally-chartered Space Applications
Corporation (or Corporations) will come into being, but not for at
least three to five years.

The Role of the State University in Developing Land Use Planning
Information Systems in New York State, October 1975,

This study was financed by a small grant from the SUNY Institute
for Public Policy Alternatives, to explore "the possibilities of bring-
ing the information needs of public decision makers and the research
resources or the university more closely together in the future formu-
lation of land use policy within New York State." Project staff inter-
viewed state planners and produced a 1ist of fourteen "land use categories"
(e.g., wildlife habitats, population density, vegetative cover) for which

the planners would like to obtain "more, better, or indeed any invorma-

" tion....to make better informed policy decisions." Planners reported

the need for a sophisticated system of Tand use information that "has
f]exibi]ity and can be rapidly updated", is easy to use and highly ac-
cessible to the public.- This system would replace the existing New
York land use information system (LUNR).

ERISTAR, Earth Resource Information, Storage, Transformation,
Analysis and Retrieval - Final Report, Auburn University - NASA, Marshall

Space Flight Center, September 1972. NASA Grant NGT-01-003-044.

The ERISTAR report presents the results of a 1972 summer systems
design study directed by Prof. R. Vachon of Auburn University and in-
volving participating faculty from 17 universities. ERISTAR, an acronym
for Earth Resources Information Sterage, Transmission, Analysis and Re-

trieval, represents "an earth resources information management network
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of state information centers administered by the respective states and
linked to federally administered regional centers and a national center."
The study starts with the premise that "there should be a national
information management system under the auspices of the Federal Govern-
ment," but does not conclude that the system should be totally federally
administered. The report considers a variety of alternative approaches
to an ERISTAR network along a limited set of dimensions and spells out
the operation and implementation of one such alternative in considerable
detail, accompanied by consideration of several tradeoffs. "ERISTAR is

a user-oriented system," with a national center and regional and state

centers.

Although the ERISTAR study represents a useful effort and contains
a great deal of information, it does not rest upon a detailed analysis
df user needs. The report does not appear to incorporate detailed cost
considerations as in Chapter 4 of our report. It was carried out at a
time when a proposal existed in the federal government t9 establish a
Department of Natural Resources and the ERISTAR system's design may
reflect this emphasis. In our EODMS study, several ofher major alterna-
tives were also considered.

Land Satellite Project - General Accounting Office, January 1976.
Report P3AD-F6-F4.

This study was performed by the General Accounting Office in order
to advise Congress on the progress and management of NASA's LANDSAT
programs. The study is primarily concerned with the need and expected
benefits of the project; project status; progress related to costs,
schedule, performance; and international implications.

The analysis reports on the budgetary status of the LANDSAT programs,

the need for improvements and improved user relations, the need for long-

range planning and a decision on whether LANDSAT should be made operational.
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Various international probilems related to the use of LANDSAT data are
also explored.

The GAO study came to the following conclusions and recommenda-
tions:

1) Congress should have the most up-to-date and complete cost
estimates for the LANDSAT program.

2) NASA should estimate the costs of the LANDSAT - C principal
investigator program.

3) NASA should develop a plan for providing formal training
to LANDSAT data users.

4) A plan for meeting the requirements of the various users
should be developed as sensor technology improves.

5) NASA should take a leading role in defining the need for
an operational LANDSAT program.

User Data Dissemination Concepts for Earth Resources (UDDCER)
Systems Control, Inc. and Aeronutronic Ford Corporation, prepared for
NASA Ames Research Center, June, 1976.

The study considers systems for disseminating earth resources
satellite data (particularly advanced LANDSAT - type Data) to a dispersed
user comunity on a rapid turnaround basis; The study tiﬁéframe is 1985-
1995 and has several major objectives, among which are:

1) To develop a flexible parametric system approach, or methodology

for the evaluation of network configurations for the dissemina-

tion of earth resources data.

2) To configure several data dissemination networks which would
satisfy predicted user reguirements.

3) To identify key techno1ogy developments to implement these
data dissemination networks.

The UDDCER study made basic assumptions about the satellite network
which would be available to supply the raw data and about the data loads
user needs in the 1985-1995 timeframe might impose. Two satellites are

assumed to provide coverage, one sun-synchronous and one geostationary,
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of the continental U.S. and Alaska. A user survey was conducted which
. seems to have concentrated primarily on federal agencies, although some
state agencies were contacted. The system would supply preprocessed
"raw" satellite data to the user community. The report outlines the
required system parameters and the configuration necessary to deliver
the preprocessed data in a timeframe of a few hours to two days.

The system configuration which the UDDCER study concludes would
be inost useful would consist of a central preprocessing center linked
by domestic communications satellite to data reception stations at the
regional and/or state level. The focus of the study seems to be on how
td get "raw" data rapidly to users. It does not consider delivery of
interpreted "priority products." The UDDCER studv appears to be devoid
of consideration of non-technicé] factors which might influence the
design of an EODMS.

TERSSE: Definition of the Total Earth Resource System for the

Shuttle Era. General Electric Space Division Report, Sponsored by NASA
Johnson Space Center, March 1675. (Executive Summary and Eight Volumes)

This major study performed by GE's Space Division assisted by the
Environmental Research Institute of Michigan has the following objectives:
"To define system performance requirements for the total
operational and research Earth Resources System in the 1980'$.
To identify critical research and technology development
needs.
To define the role of Space Shuttle in the total System."
The methodology employed was to examine user needs, develop Earth
Resources System‘(ERS) mission requirements, define the system and role
of the space shutt]e in it. Requirements of five federq] organizations

(Interior, USDA, NOAA, EPA and the Corps of Engineers) were analyzed.

L e e e s e
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In addition, over 100 non-federal organizations were analyzed, many by

% ;ﬂ direct interview.* The Executive Summary of the TERSSE Report doesn't
%ﬁ g] break out the fraction of these organizations which are state, local or
g} - regional agencies. Private sector users included in non-federal require-
o ments are highlighted.
- A conclusion of the TERSSE study is that "future operational
: systems should be tailored to individual resource management missions.
1 There is not one system, but several, in the future Earth/Resources %g
: § \' Program." Thirty such resource management missions are defined for
} 'j the 1980's, in the broad categories of Agriculture, Energy/Minerals,
. Forest, Land, Marine, Water. A total systems architecture is then con-

. structed, based upon requirements foi platforms, sensors and ground systems
1 for these missions. It is concluded that the best system concept is

"a hierarchical architecture with distributed extractive processing

and centralized preprocessing and that "future systems will be more_]ike

_ current NOAA and DOD programﬁ," that is, oriented to specifjc "disciplines"

= or even sub-missions within those disciplines. Thus the result is somewhat

i : simi]ak to the approach taken in System A of Chapter 6 6f our EODMS Report.
The TERRSE Report uses a "classical systems approach" to the problem
:}: of defining systems. Thers appears to be little, if any, consideration

_ of tﬁe institutional and political issues to be faced in creating an

J

operational EODMS. The emphasis on defining individual missions results

in a lack of consideration of the substantial economies which are possible

{--.J '

(see Chapter 4, EODMS Report) by taking advantage of overlaps in data - €

*The user requirements portion of the TERSSE study m1ght have been class1f1ed _
as a "Data Needs Analysis" and 1nc1uded 1n Append1x D e G e {
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inputs to priority information products of interest to state agencies.
Some additional TERSSE conclusions are as follows:

1) Different sensor and platform configurations (systems) should
~ be tailorad to different resource management missions.

Zj Multi-platform systems are required.
3) Scanner dévelopment requires steady progress.

4) Satellite data must be processed in combination with data from
other sources.

§) User model development should be emphasized.

6) The space shuttle has an important role to play in future earth
resource missions. :

Earth Resource Ground Data Handling Systems for the 1980's. NASA
Technical Memorandum NASA TM X-62, 240, Ames Research Center, March 1973.

~In a March 1973 report, Van Vleck et al. examined earth resources
grouhd data handling systems for the 1980's. The study contains a summary
of réquirements'for earth resources discip1ines and derived relation-
ships between tasks accomplished in various applications sectors and
sﬁatia] resolution. Although firm user requirements were mot available,
the analysis indicates "that a data rate on the order of 2 x 1011 bits
pér day will be generated, and a ground resolution on the order of ten

to twenty meters will be required" to handle some 75-90% of all require-

- "ments. A range of system alternatives were explored, with emphasis upon

technical aspects.

TN
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APPENDIX F
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5 B STATE LEVEL ACTIVITIES .IN REMOTE SENSING AND
_ S COMPUTERIZED GEOGRAPHIC INFORMATION@§YSTEMS

= F.1 ~INTRODUCTION

i 3@ ~ EODMS project staff developed information on applicaticns of remote
% sensing and use of automated geographic information systems in the five

gi state study region. The study of geographic information systems was later
%‘ f extended to assessment of such activities in all 50 states. In addition,

a number of geographic information systems were evaluated in detail in

BegrEmey priin s e
5
w

order to find out what factors seemed to be critical for their success.

— ; In this appendix, we summarize the results of these studies very
bfief]y. For considerably more detail the reader is referred to various

EODMS reports, including the Preliminary Needs Ana]ysis’Report (Chapters
2,,5, and 4) (F-1) and the thesis by Power. (F-2) |

| - The first section of this appendix is a summary of remote sensing

— | activities in the five state region. The second section summarizes the

; work on geograpﬁic information systems.

i _%.2 REMOTE SENSING ACTIVITY IN THE FIVE STATE REGION

F.2.1 Physical Description of the Region

R : i ~ This study focuses primarily on the five-state midwestern region

consisting of Iilinois, Iowa, Minnesota, Missouri and Wisconsin (see

Figure F-1).

‘ The region's major urban areas include Minneapolis-St. Paul, Milwaukee,
Cﬁicago, Des Moines, St. Louis and Kansas City. The Missisisppi River |
divides the region and with its tributaries has a significant effect on
ai] five states. Two of the states border on the Great Lakes and one

shares an internatiohaI boundary with Canada. Besides its maﬁy waterways,
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the region has a variety of other geological features including plains,
mountains and forests. Associated with the plains located in the western

portion of the region is extensive agricultural activity. Throughout the

area occur mining and drilling activities for coal, ferrous and non-ferrous

mefa]s, and petroleum. The region is located entirely within the temperate

zone so weather conditions vary SEasonally with the occurence of frequent '

floods, tornadoes, severe storms and extremes of temperature.

F.2.2 Government Organization and Remote Sensing
Activities in the Five-State Region

Agencies with responsibilities for Earth resources tasks in the five-

state region exist at all levels of government from local to federal. Many

levels of responsibility exist in a given discipline or application area
. Wwith differing degrees of responsibility and authority associated with
-~ different levels; There are many differences among the states as to which
- agency or lavel is responsible for carrying out various tasks. Chapter 3
and 4 of the PNA Report (F-1) contain detailed information on organization
foé Earth resources tasks. Appearing there also are exhaustive descrip-
tiens of sub-state regional authorities such as regional planning organi-
zations, '208' planning districts, transportation authorities, councils
‘of-government and sewer districts. Some oflfhese fegionaI agencies have
«;fnteﬁetate jurisdictions.
| Within the five-state region, the range of remote sensing activities
1 underway includes a cross-section of -federal, state, local, regibna] and
>,prfvate sector programs. All types of remotely sensed_data are in use,
S ine]uding satellite, high and low altitude aircraft and various ground-
baﬁed methods. Table F-1 shows the wide variation in range and level of

: remote sensing activities accord1ng to the state agency(s) responsible for

 Earth resources tasks in each of eleven appl1cat1ons areas as of . December o

N

L L i 4
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'l;ab‘ie F-1 :" Summary of State Agency Remote Sensing Activities

Application Ilinois Iowa Minnesota Missouri Wisconsin
Agriculture Dept. of Agriculture Dept. of Agriculture Dept. of Agriculture Dept. of Agriculture Dept. of Agriculture
3 3 3 3 3
Climate and Dept. of Registration and State Climatologist
. ; Div. of HWaters
Weather Higher Education
Water Survey Dept. of Natural Resources
- State Planning Agency
1t2 3 -
Environment Environmental Protection Dept. of Environmental Pollution Control Agency Dept. of Natural Resources | Dept. of Natural Resources
Agency Quality Environmental Quality Div. of Environmental Div. of Environmental
Council Quality Standards
Div. of Services
Environmental Impact
1,3 1,3 1,3 1,3 1,2,3
Fisheries Dept. of Conservation Conservation Commission Dept. of Natural Resources [Dept. of Conservation Dept. of Natural Resources
: Div. of Fisheries Fisheries Section Div. of Fish and Wildlife | Div. of Fisheries Div: of Forestry, Wild-
) life, and Recreation
Fisheries Section
3 1,3 3 1,3 1,3
Forestry Dept. of Conservation Conservation Commission Dept. of Natural Resources {Dept. of Conservation Dept. of Natural Resources

Div. of Forestry

Forestry Section

1,3

Div. of Lands and Forestry
State Planning Agency

1,3

Div. of Forestry

1,3

Giv. of Forestry, Wild-
Tife, and Recreation
Forestry Section

1,3

Geology and Mine-
ral Resources

Dept. of Mines and Minerals
Geological Survey

1,3

Dept. of Soil Conservation
Geological Survey

1,2

Dept. of Natural Resources
Div. of Minerals
Geological Survey

State Planning Agency

3

Dept. of Natural Resources
Geological Survey ’

1,2,3

Geological Survey

Key: 1 Technical capability for remote sensing generation or analysis
2 Remote sensing research program
3 User of externally generated rqég?e sensing data
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o Table F-1: Summary of State Agency Remote Sensing Activities
SN : (continued)
38
g% i?; Application I1linois Towa Minnesota Missouri Wisconsin
2 vo Land Reclamation | Dept. of Mines and Minerals|Dept. of Soil Conservation {Div. of Minerals Dept. of Natural Resources
C:.$> Div. of Land Reclamation Div. of Mines and Minerals|Dept. of Natural Resources | Div. of Environmental
Z Qo Quality
Cu Land Reclamation Program
3
o 1,3 1,3 3 1,3

Land Use Planning

Dept. of Local Government

Affairs

Office of Research and
Planning

Office of Planning and
Research

State Planning Agency

0ffice of Administration
Div. of State Planning
and Budget
Regional State Office
of Planning

3

Dept. of Local Affairs and

Development

Div. of State-Local
Affairs

Bureau of Local Regional

3

" Transportation

.
H =

Dept.
Div.
Div.

of Transportation
of Aeronautics
of Highways

1,3

Commission of Aeronautics
State Highway Commission

1,3

Dept. of Aeronautics
Dept. of Highways
Dept. of Transportation

1,3

Highway Dept.
Dept. of Transportation
Div. of Highway Safety

1,3

Dept. of Transportation
Transit Right-of-Way
Authority

1,3

Water Resources

Dept. of Transportation
Div. of Waterways
Dept. of Registration and
Higer Education

Water Survey

1,2

Dept. of Enviornmental
Quality

Div. of Water Quality
Geological Survey
Natural Resources Council

1,2

Dept. of Natural Resources
Geological Survey

Div, of Water

Lakeshore and Flood Piain
Zoning

State Planning Agency

1,3

Dept. of Natural Resources
Div. of Enviornmental
Quality

Clean Water Commissions
Geological Survey

1,3

Dept. of Natural Resources

Div. of Environmental
Standards

Bureau of Water Quality
Div. of Enforcement

Bureau of Water Regulation
and Zoning

1,3

Hildlife

Dept. of Conservation
Div. of Wildlife

Conservation Commission
Wildlife Sectivn

i

1,3 -

Dept. of Natural Resources
Div. of Fish and Wildlife

1,3

Dept. of Conservatiun
Div. of Wildlife

1,3

Dept. of Natural Resources
Div. of Forestry, Wild-
Tife and Recreation

Bureau of Wildlife and
Fisheries

Wildlife Section

1,3

Key:

1 Technical Capability for remote sensing generation or analysis
2 Remote sensing research program

3 User of externally generated remote sensing data
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1975. The numbers appearing in the table indicate an agency's: (1) techni-

cél capability to generate remotely sensed data in-house, (2) performance
of remote sensing research, or (3) use of externally-generated deta. Ihh
many cases more than one number applies to a single agency.

Activities in each of these agencies are discussed in detail in

Chapter 3 of the Preliminary Needs Analysis Report. 'Many, if not most,

Anatural resources and other geographically-oriented agencies have used or

tried to use remotely séhsed data on oneuor more occasions. Most agencies

but most are uan]e to do much with it with

exxst1ng funds, personnelg/and acLess Also for agencies which have been

heavy users of high resolution aer1 1\ uotography such as highway depart-

\/
ments and urban planning agenc1es, current LANDSAT resolution is usually -
1nadequate |

-Three of the five states have establishedminteragency groups to

coordinate the gathering% use and distribution of remotely sensed data

e _within the state government. In I]]inois, a NASA employee on loan to the

state has informally provided coordination of remote sensing‘acgjvities.

The Iowa Geological Survey and the Missouri Interdepartmental Council for

<e§§9;dra1 Resources,Ihfdrmatien'accomp]ish;this purpose for their réspective

__states,

ht1on or, teehnology research

Besides the state and sub-state remote sensing activities, several

university personnel in the region have worked as ERTS (LANDSAT) Principal

inﬂestigators (PI's). A few additional universities have Remote Sesning

'eCenters or related activities which provide technical advice and perform

research In Chapter 3 of the PNA are lists of Pl's, un1vers1ty centers

hand study groups that are or have been 1nvolved in remote sens1ng app11ca-

A
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- i& A wide variety of federal remote sensing programs are or have been
uﬁderway in the five-state region. Several federal agencies have sizeable
fdcigities in the region which are using remote sensing or remote sensing =

A
\

! ;i} iﬁforwation. These federal organizations include the USGS, the USDA, the . w' 4

! § ,;;Fﬁepgfiment of the Interior and the Department of Defense. R

“The private sector currently provides, under contract, much of the

remotely sensed data used by state, regional and local governments. 7
. } - Private companies in the utility, mining, and petroleum industries are

i .

| £ ' major users as well as sources of remote sensing data.

i; F.2.3 Developments in Computerized Geographic - %‘ : p
‘ Information Systems ‘ o

L o {;'_ Many states, federal agencies, and local jurisdictions have experi-

i » : mented with or implemented computerized geographic information systems.

We analyzed over thirty such systems at several levels in order to learn
o : something of the functional nature of their operations and to try to

. _ determine what factors might explain the degree. of success they have

i

= , ach1eved, if any For eleven systems, thirty-one functional attributes

' were examined’ such as ownership, products available, funding sources,

prob]ems encountered and so on. The analysis was based on interviews with

-

measured by user satisfaction rather than engineering performance, was

: 7[; - ~ system personnel, published reports, and other compendia. SucCess, as

. found to be highest for those systems developed in-house by people familiar

5[}" ’ “with user needs and for systems designed to meet a few needs well.
Systems appear to be better received when they can produce map and photo-
ZI graphlc as well as computer outputs. The field is quite young ahd'ft is
%‘wf S too ear1y to judge the ultimate success of many systems.
| | In addition to these deta11ed analyses, we also catalogued all known

tate-level act1v1t1es 1?“compu»er1zed geographic 1nformat1on systems.

v )
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The results’ appear- as Table 2-19 in the Preliminary Needs Analys1s Report.
Some level of act1v1ty was noted in 37 states, including aH five of the
| study region states, as of 0ctober 1975, .

(-
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aéffective utilization is currently hampered by their lack of technical e

capability and by the high cost of interpretation.
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APPENDIX G: CURRENT FEDERAL SYSTEMS RELEVANT TO
EODMS DEVELOPMENT*
G.l PRESENT SYSTEM FOR LANDSAT DATA DISSEMINATION
| Figure G-1 depicts the current experimental system for handling and A
dissemination of LANDSAT data. Satellite images are sent in digital
%orm to several receiving stations, from which they are sent to NASA's

National Data Processing Facility (NDPF) at Goddard Space Flight Center.

Some radiometric and geometric correction is performed to produce images

. and the data are recorded on high density digital tapes (HDDT's) or com-

puter compatible tapes (CCT's). The tapes are then sent to the USGS's
EROS data center in Sioux Falls, South Dakota, and to USDA's Aerial

‘Photography Field Office (APFO) in Salt Lake City, Utah. The EROS Center

produces photographic imagery for sale. EROS does not interpret the pro-
duct into themes; users must perform their own interpretation. The APFO

supplies LANDSAT data to USDA users but.does not generally disseminate

} M
N

to a wider user community.
EROS maintains a data base management system capable of determining
which data are available to fill a user request. The system delivers

imagery products on demand rather than on a regular schedule, but some

-~ users have standing orders for a11 data coVering a given area. The biggest

~user of this uninterpreted data is the private sector; for example, major

di] corporations have been acquiring LANDSAT data and performing their own'”"

“interpretation. Although some state agencies do'utilize data’from QROS,

-~ geographic information systems and remote sens1ng activity in federal,

*Séé Appendix F and references (G-1, G-2) for discussions of computerized

state and local agenc1es
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- - LANDSAT Data Dissemination

BN
A




RTINS TR S L e e T L T

gy

-191-

EROS also plans to develop a sophisticated, all-digital system for

?correct1on of the data to finer specifications than is now possible (G-3)

and to preprocess digital data for de11very to users within a few days.
However, no interpreted products will be produced in the sense that they
are defined in Chapter 4. '
G.2. NATIONAL CARTOGRAPHIC INFORMATION CENTER

. The USGS National Cartographic Information Center (NCIC) represents
a‘major source of government information in the form of maps, imagery,
dag1t1zed maps and imagery, and geodet1c data. NCIC has branches at the
four regional USGS Mapping Centers at Reston*, Va., Rolla, Mo., Denver,
Cp]o., and Menlo Park, Calif., and would like to establish branch offices
i% all 50 states, with computer links to NCIC centers. The NCIv con-
siitutes a potentially important move toward fulfilling the EODMS system
fﬁnctions of access,Aretrfeval and transfer of data, particularly in view
of the preponderance of map formats among the priority products.

At present NCIC can either seTi information products or refer requests
tb an agency which can provide the information. NCIC has been systemati-
cally acquiring information on what cartographic data exists in order to:
a§ make existing data accessible, b) help coordinatekhigh-altituqe air-

craft imagery acquisition, and c) influence emerging data handling systems

“within individual federal agencies.

NCIC is now implementing a computerized Aer1a1 Photography Summary

Record System (APJ“S) which will be capable of 11st1ng sources of available

’X/qyeries may specify the area of interest by county, by quadrangle (ie.,

i \
H /7

*NCIC headquarters are in Reston, Va; the mapping center there has capa-
bility for performing spec1a11zed tasks over and above those at the
other mapping centers.

o . . . .
Imaqery in response to querics regarding any given geographic area. These :
7 L R Lo
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7 1/2' USGS topographic map) or by quadrilateral (four corner method).

~ G.3 OTHER CURRENT ACTIVITY

Several other federal government agencies are likely to be involved in
a public sector EODMS, including the U.S. Department of Agriculture, the
Bureau of Land Management, and the U.S. Forest Service. Each of these agen-
cies is active in planning information system development. We have outlined
the activities of these agencies and some brief scenarios for sing1eyagency
data management sytems in a previous report.(G-3)

The Defense Mapping Agency (DMA) of the Department of Defense conducts

its own domestic and foreign earth observation program. Some of the DMA ac-

tivity is classified and therefore unavailable to the civilian sector. Thus

we have considered the development of a civilian public sector EODMS separate
from the mi]ftany sector but with some interaction. 4

"~ The NOAA EnvironmentaT Data Service at Camp Spring, Maryland, dissemi- f/ t B
nates satellite data to the National Weather Service. This system is an
examp]e of an operational, discip]inary system. NASA'; role is limited to

launching weather safellites; for which it is reimbursed by NOAA. -

=
P
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