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PREFACE

The quasi operational timber and water resource inventories and
related research described within this report are experimental. The
results of these experiments are only an indication of what state-of-
the-art technoTogy will allow us to accompiish in the future. For
instance, since this research was completed, new computer enhancement
techniques have improved interpretability of LANDSAT photographic data
considerably. This improvement should result in higher accuracies
usina conventional photo interpretation methods.

The results in this report are compared with known standards

1 and the United States Bureau of the Census). Each

(Forest Survey
resuit is discussed objectively from the standpoint of utility, cost

and accuracy. Land managers and potential users in renewable resources
inventories can use these results to make valuable Jjudgements as to

what they might expect to accomplish with LANDSAT data.

Experiments reported in the final report were performed under a
Memorandum of Understanding (Contract No. $-540563) between the National
Aeronautics and Space Administration, Goddard Space Flight Center
(NASA/GSFC) and the United States Department of Agriculture (USDA).

The research was éonducted by professional staff members of the
Renewable Resources Evaluation Techniques Program, Rocky Mountain Forest
and Range Experiment Station (RM), Fort Collins, Colorado. When the
work was originally contracted, the Principal Investigator, Co-

investigators, and other supporting staff members were assigned to the

Remote Sensing Work Unit, Pacific Southwest Forest and Range Experiment
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Station, Berkeley, California. The unit was transferred to Fort
Collins on July 1, 1976.

The original research proposal was submitted to NASA/GSFC on
danuary 31, 1973 by Robert C. Heller, Principal Investigator. The
proposal was entitled "Monitoring Forest and Range Resources with
ERTS-B and Supporting Aircraft Imagery”. On September 6, 1974,
Robert C. Aldrich was named Prinicipal Investigator. From that
date the research proposal was revised several times to meet
recommendations of the Agriculture, Range, and Forestry Sub-panel
of ﬁhe Missions Utilization Office. The Statement of Vork was
accepted and the contract begun on March 7, 1975. Due to delays
. created by the move of Forest Service remote sensing research
functions from Berkeley, California to Fort Collins in July 1976,
the Period of Performance was extended from 22 to 28 months.

We gratefully acknowiedge the helpful assistance, patience and
understanding of G, R. Stonesifer who was Technical Officer for NASA

for the duration of this contract.

1The Forest Survey, renamed Renewable Resource EVa]uation,
is a branch of the Forest Resources Economics Research Division,

Forest'Service, United States Departmenf'of AgricuTture.'
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GLOSSARY

Band: One of the wavelength bands of the electromagnetic spectrum
sensed by a multispectral scanner (MSS) or radiometer, or passed
by a bandpass filter and recorded by a photodiode or vidicon fube,

Bandpass filter: An optical filter that allows only portions of the
electromagnetic spectrum to pass to the sensor surface.

Beam transmittance: Fraction of electromagnetic radiation in a
particular wavelength which is transmitted vertically through the
atmosphere from the ground to the spacecraft sensor.

Color composite: A false-color reconstruction of LANDSAT data in
photographic form, created from two or more bands for one scene.

Computer-compatible tape (CCT): Standard 0.5 inch magnetic tape
containing digital LANDSAT video (scene radiance) data along with
calibration, identification and annotation data. A full 185 by 185
km frame is stored on foﬁr tapes, each segment being a 46 by 185 km
strip in the direction of spacecraft heading.

CVF: Circular variable filter used for wavelength selection in ground-
based spectrometer.

Data field: Recognizable terrain feature or area over which sampled
radiance data were integrated to obtain registered data pairs in
the correlation of reflectance to LANDSAT radiance,

Digital counts: Values of radiance data as recorded on computer compat-
ible tapes. For MSS bands 4, 5 and 6 the scale is 0-127. . For band 7
the scale is 0-63. |

Four channel radiometer: Instrument for measuring LANDSAT MSS-matched

radiance.
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FET input op amp: Operational amplifier with a high input impedence

Tield effect transistor in the input stage.

Interference filter: Optical filter employing thin metal or dielectric

coatings on glass to reflect all unwanted wavelengths and transmit
the wavelength band of interest.

Irradiance: The power per unit area of electromagnetic radiation
impinging on & surface. Typical units are muitiwatts per square
centimeter.

Lambertian reflectance: Isotropic reflection from a diffuse surface.

LED display: Numerical readout employing 1ight emitting diodes.

MuTtispectral scanner (MSS): For LANDSAT, an electronic optical line
scenning device that collects reflected radiation in four spectral

intervals (bands) of the visible and near infrared regions of the

electromagnetic spectrum. The two visible bands are greenish-yellow

and red wavelengths.

Normalized spectral response: Relative wavelength response of a sensor

system, usually the combined effects of optics and detector.
Path radiance: Remotely sensed radiance from the scattering of solar
radiation by atmospheric gases and aerosols.

Photovoltaic: Producing charge carriers (and therefore an electrical

current} in a semiconductor without an external voltage bias applied

to the device.

Picture element: (also cailed Pixel) A single element of digital image

data recorded on a LANDSAT computer compatible tape. The ground

resolution of an element is approximately 56 meters perpendicular to

the spacecraft heading and 79 meters along the spacecraft heading.




Pixel: See Picture element.

Radiance: The brightness of an object as seen from a remote obervation
point. Specifically, it is g measure of the power radiating from

a unit area of a source through a unit solid angle. Typical units
of radiance are watts/meterz—steradian.

Scene: One LANDSAT image covering an area approximately 185 by 185

kilometers (100 nautical miles square).
Stabilene: A trade name for dimensionally stable transparent or
translucent overlay material.
Threshold: A beginning value selected from a data array to define a

signature for classification. The threshold value can be changed

by trial and observation to improve classification.
UTH:  Universal Transverse Mercator map projection system.

Zoom transfer scope: An optical instrument for transferring data from
a small scale photograph to a larger scale photograph or map. Th

e
scale range is from 1X to 13X.

(Manufactured by Bausch and Lomb
Optical Company.)
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SUMMARY

This report covers a 24-month long investigation of applications
of LANDSAT data in forest and water resource inventories. The inves-
tigation included four separate studies: (1) a water resource inventory
by conventional photo interpretation, (2) a forest resource inventory
by conventional photo interpretation, (3} an inventory of forest area
by computer aided classification, and (4) a study to develop a technique
for measuring solar and atmospheric effects in LANDSAT MSS dava. The
studies were conducted within a nine county area in the northern
coastal plain of Virginia. The quasi-operational LANDSAT based inven-
tories were made concurrent with an operational inventory conducted by

the U.S. Forest Service Resource Evaluation Unit at the Southeastern

Forest Experiment Station in Asheville, North Carolina. Results of the
opetationa1 inventory are used as a basis for comparing methods and
results.

Imagery used in the investigation include U-2 color IR photo-
graphy, LANDSAT black and white and combined color images, and computer
compatible tapes (CCT's). Photographic products were supplied by the
Agricultural Stabi1iiation and Conservation Service, Salt Lake City,
Utah. Computer tapes were ordered through the Earth Resources Obser-
vation System (FROS), Sioux Falls, South Dakota. Enhanced false color
images used in the forest inventory section were produced directly
from LANDSAT data by the University of California (Berkeley) Space
Sciences Laboratory on their Imaging Gang thica1 Recorder (IGOR).

Maps resulting from computer aided classification were also produced

by the IGOR System.

ORIGINAL PAGE IS PRECEDING PAGE BLANK NOT FiLMED
OF POOR QUALITY
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In addition to LANDSAT and aircraft imagery, reflectance measure-

ments were collected from a low flying aircraft with a four-channet
radiometer matched to the LANDSAT MSS wavelength bands. Reflectance
measurements vere related to LANDSAT radiance measurements to develop a
method of correcting for changes in solar irradiance and atmospheric
interference.

Equipment and methods for interpreting, mapping and analyzing
remote sensing data varied considerably between studies. A Bausch and
Lomb Zoom Transfer Scope was necessary in all studies to interpfet and
map information on multiscaled maps, photographs, and computer print-

outs.1

An 01d Delft Scanning Stereoscope was an aid in stereoscopic
interpretation and mapping on U-2 color transparencies. The scanning

stereoscope was also used to view two LANDSAT band (5 and 7) simulta-

neously to map water. An illuminated 2x magnifier was used for mono-
scopic interpretation of LANDSAT photographs.

Test areas used to relate aerial measureménté of reflectance and
radiance recorded by LANDSAT were imaged with an airborne video camera.
In the laboratory, Tields sampled by t!: non-imaging radiometer were
accurately relocated by a replay of the video flight coverage on a TV

monitor.
- Water Resource Invervory

A stratified-random double sample design was used to estimate water

" in three counties. LANDSAT photd enlargements (1:125,000) for an

]".'rade names and commercial enterprises or products are mentioned
in this report soiely for necessary information. No endorsement by the

U.5. Department of Agriculture is impTied.
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October 1975 band 5 image and a November 1975 band 7 image were examined

together with a scanning stereoscope to delineate surface water and

water-ways. A sample frame of one-kilometer square cells, overlaid upon
the LANDSAT band 7 enlargement was stratified into seven strata based on
length of water-ways and area of surface water delineated in each cell. 3
A random sample of celis selected from the seven strata were located U
on CIR photographs (1:120,000) and 1:24,000 USGS map sheets. By viewing
the sample cells on both photos and maps simultaneously with the ZTS,
individual water sources were identified, measured, and cataloged by f
size, accessibility, and utility class. Sampling errors for county
estimates of water-ways ranged from 8.1 to 9.4 percent.2 Estimates of 3
surface water in each county resulted in sampling errors that ranged
from 10.7 to 59.4 percent. When county totals were combined, however,
sampling errars for water-ways and surface water were reduced to 8 and
3 percent respectively. Estimates by type, size, accessibility and
utility ciasses were made from the proportions derived from weighted

strata means.
Forest Resource Inventory

A random-systematic double sample was used to estimate deciduous

and coniferous forest area in nine counties. Color composites of one
May 1975 LANDSAT image were enilarged to 1:125,000 scale and conifer,
deciduous, nonforest and water area estimated from a large number of
16~point sample clusters. County estimates of total forest area were

within 10 percent of estimates made by a concurrent operational

2A1T estimates in this study were made at the 67 percent confi- ;

dence level. !
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inventory. The difference was only 0.8 percent when total forest area
for all n ne counties were combined. Deciduous and conifer areas were
estimated for each county with sampling errors ranging from 7 to 48
percent., For all counties, the sampling errors were 3.7 and 6.7 percent
respectively for the deciduous and the conifer areas. The LANDSAT
technique resulted in sampling errors 2 to 3.5 times larger than sam-
pling errors for the operational inventory. Sampling errors for decid-
uous and conifer cubic-foot volume estimates were 10.2 and 8.7 percent
respectively. Cost of the LANDSAT technique was 1.46 times the cost

of operational photo interpretation techniques.
Computer Aided Inventory

A computer aided inventory utilizing LANDSAT digital data to deter-
mine the area of conifer forest, hardwood forest, nonforest, and water
was made for a nine county area of the Virginia coastal plain. The
inventory was performed using a combination of unsupervised and super-
vised classification methods. Unsupervised clustering partiticned the
data into clusters such that there is greater spectral similarity within
clusters than among clusters, thus defining groups of data that can be
differentiated one from another. The clusters were then identified as
ground cover typas, Statistics from these clusters were input to a
supervised classification program which classified the data into those
ground cover types. These were then aggregated into conifer, hardwood,
nonforest, and water.

For three counties all data was classified. For all nine counties
a seventeen percent sample was classified. Sampling errors at the sixty-
eight percent confidence level were less than one percent for any county.

Forest area estimates by county differed by as much as twenty-one percent
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from the concurrent Forest Survey estimate. For the nine county area

the two forest area estimates differed by less than one percent.
Measuring Solar and Atmospheric Effects

An empirical method was developed to measure solar and atmospheric
effects in LANDSAT data by comparing LANDSAT MSS data with terrain
reflectance. Terrain reflectance was measured with a Foreé% Service
designed and built four-channel radiometer capable of measuring
radiance in the LANDSAT MSS matched wavelength bands. Reflectance of
many terrain elements which could be registed to the LANDSAT digital
data were measured from a Tow-flying aircraft. LANDSAT radiance was
fitted to reflectance by regression techniques to find coefficients
that represent path radiance and the product of solar irradiance on
the ground and vertical transmittance T of the atmosphere. The instru-
ments included a digital data logger, a four-charnel radiometer, an
irradiance meter, and a videc camera with recorder,

Five subsites within the Virginia test site were used in the
study. A1T subsites included plowed fields, agricultural crops,
conifer, deciduous and mixed conifer-deciduous stands. Clearcut areas
were present in all but one subsite. In addition to aerial radiance
measurements, concurrent irradiance measurements were taken on the
ground at two subsites.

This study concluded that there was substantial evidence for the
validity of a Tinear atmospheric model with an additive (path radiance)
term and a multiplicative (transmittance) term. A demonstration of the
usefulness of signature extension with this technique requires data sets
with greater haze variations than were encountered on the two dates

studied, B 18
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INTRODUCTION

Recent legislation by the Congress of the United States makes it
mandatory that present and Potential renewable resources be assessed
pem‘odicaﬂy.1 The assessment must include a renewable resource
inventory, an evaluation of opportunities for improving yields of
both tangible and intangible goods and services, and national programs
to meet short and long term production goals for meeting the needs
of the people.

National assessments require lower resolution resource inventory
data than local assessments where management programs musi be carried
out. Arguments for Tocalized intensive management inventories as
opposed to broad based extensive National inventories are irrelevant.
Each has its éwn place. The two inventory systems should, however,
compliment one another using multi-level sampling and standard vege-
tation, soils, and water and land-form terminology.

Multi-Tevel sampling, with LANDSAT or other remotely sensed data
providing the first level of information, can be useful in both
National and local management inventories. For LANDSAT data to be of
value; (1) it must bé és accurate as other sources of the same infor-
mation, (2) it must provide information not available from other
sources, and (3) it must be cost effective. This report addresses each

of these requirements and attempts to evaluate LANDSAT in quasi-

operational situations.

LIED
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lThe "Forest and Rangeland Renewable Resources Planning Act of

1974*; Public Law 93-378, 93rd Congress, S. 2296; August 17, 1974,
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Objectives

The primary objective of this investigation was to test the feasibility
of using remotely sensed data, i.e., LANDSAT and high-fTlight aircraft data,
with ground data ih a multi-stage sampling concept to ltocate and monitor
forest resources. A secondary objective was to integrate resource inventory
data into an operational decision-making instrument to assist in the over-
a1l management of the forest in the region studied.

To fulfill the primary and secondary objectives of this investigation,
several sub-objectives were reauired. These sub-objectives were as follows:
1. Measure gross and net timber volume for deciduous and

conifer types by county and group of counties.

2 Measure forest area and area of water in each county
and group of counties.

3. Classify and map land cover types for a portion of the
region, delineate forest area, and show residential and
industrial encroachment.

4. Use slope, aspect, and elevation, soil type, precipitation
near and long-range patterns; and erosion hazard ratings
to assess the impact of disturbance in the forest.

5. Inventory Qater as a function of utilitys i.e., recreational,
residential, or industrial.

6. Make a cost-benefit analysis comparing current and recommended
methods for forest inventory.

7. Determine the'op+imum_combination of man/machine analysis

to0 maximize the efficiency of the overall data analysis.




Several sub-objectives could not be satisfied within the time
frame of this investigation. For instance, only net timber volume
is reported because we felt that gross volumes would add very Tittle

' R

to the management plan. Slope, asnect, and elevatic: oo

i

erosion hazard ratings were not completed. In defense of this decision
we were advised by our Engineering Division that Defense Mapping Agency
(DMA) topographic data tapes would have 100-Toot horizontal and 50-fuot
vertical errors. Errors of this magnitude would mask out significant
differences in this coastal plain test site (elevation range is from

0 to 250 foot). The study of residential and industrial encroachment
on forest Tand could not be completed. This study required the use of
reaistered LANDSAT temporal data for which we had insufficient time and
personnel to assign the developmental work. These incomplete sub-
objectives are considered important for monitoring renewable resources.
For this reason, the Forest Service will continue research and develop-

ment in these problem areas.
Background

Interest in renewable resource inventories aided by remote sensing
from space and high altitude has increased in recent vears. This interest
was brought about by a need for more information; (1) to help land
managers resolve iand use conflicts, (2) to assess the present and
potential supply of renewable resources, and (3) to plan programs
that will provide a continuing supply of goods and services to meet
the public's needs. A literature review will show that there are good
possibilities for acquiring some information using multi-Tevel sampling

(multi-phase, muTti-stage, or combinations of the two) with remote sensing.

AGE 18
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In 1969, photographs taken by Apolio g astronauts covering 10-million
acres in Arkansas, Georgia, Louisiana and Mississippi provided the first
level of information to estimate total timber volume in a stratified five-
stage variabje Probability sampiing design (Langley and others 1969). 1Ip
multi-stage, op multi-Teve? sampling designs, aerial photography couid
provide this firgt level of information or it could provide one or more Tinks
between space acquired data and the ground. Tests of conventional photo
interpretation on high altitude colop and color infrared (CIR) photographs
between 1970 and 1972 (Aldrich and Greentree 1972) indicated that forest land
can be separated from non-forest Tand op 1:120,000 scale CIR photographs
with 96 to 100 percent accuracy depending on the Season of photography.

Also, seasona] Separation between pine and hardwood types was 70 to 85
bercent successtul, but mixed pine/hardwood can not ke reliably classified
according to strict Forest Service standards. The mixed class must be com-
bined with pine type for the information to be “0st effectively used by

Mmanagers,

ship. Very few of these investigations were forestry oriented. The forestry
oriented investigations for the largest part dealt with evaluating LANDSAT
data for resource mapping. Mapping, or delineating class boundaries, is

not relevant to the preﬁent investigation. Differentiating and classifying
cover-classes at Systematically spaced sample points, however, is relevant

to both <his investigation and broad bésed National renewable resource
assessments as well.

Before LANDSAT can find 1ts proper roie in national renewable resource

inventories, the possibilities and limitations of Tow resolution data in




critical evaluations have already been made. For instance, Erb (1974) found
that stands of pine 10 acres (4 hectares) and larger were detectable and
that the smallest feature of any kind that could be detected on LANDSAT
data was 2.5 acres (1-hectare). From his evaluation, Erb made this
conclusion, "ERTS data can probably best be used in forestry applications
if the data are used for extensive surveys in which broad generalized
classes are needed rather than for intensive surveys in which detailed
stand conditions must be portrayed". Heller (1975) reported siwilar results.
His evaluations showed that land use classes such as forest, or non-
forest and range vegetation classes at the Regional level, were distin-
guishable with 95 percent accuracy on LANDSAT data. Further break downs
of cover types was not successful except where the cover was disturbed.
Forest clearings and cutting operations, as small as 2 to 3 acres (.8 to
1.2 hectares), can be detected by comparing LANDSAT temporal data or
LANDSAT photographic color composites with six year old aerial photographs
(Aldrich, 1975). Both Heller and Erb (1974) indicated that computer
aided classification of cover types was the most effective method although
human interpretation was equally accurate. The choice of method depends
on the availability of trained people and eguipment.

The University of California Berkeley has made & number of quasi
operational timber vo?ﬁme inventories with multi-stage sample designs
and remote sensing (Nichols and others 1975, Titus and others 1975,
Colwell and others 1976). 1In each of these inventories, LANDSAT was used
to provide the first level of information for selecting first stage
samples. High altitude and large scale photoaraphs provided information
at other stages. ,Two inventory studies conducted on the Plumas National

Forest in California were successful in terms of increasing the sampiing




efficiency. In the third, an inventory of the Sam Houston National
Forest in Texas, LANDSAT data were not useful because of extreme homo-
aeniety of topographic and vegetative conditions.

The Skylab (EREP) experiment in 1973, offered the opportunity to use
high resolution color photographs in quasi operational inventory studies
near Augusta, Georgia (Aldrich and others 1976). In one study, systematic
sampTing for forest area proportions always resulted in lower variance than
simple random sampling. Systematic sampling with post-sampling stratification
using digitized Skylab photographic data resulted in the lowest variance.
A systematic Targe area cluster sample on enlarged Skylab photographs, ad-
justed using regression techniques, resulted in a forest proportion for
one county that was 5 percent higher than a Forest Sevvice inventory com-
ﬁTeted in 1972. The sampling errors of the two inventories, however, were

very similar.
Study Area

The study site 1ies in the northern coastal plain northeast of
Richmond and southeast of Fredricksburg, Virginia (fig. 1). It includes
nine counties bounded on the north by the Potomac River, on the south by
the Mattaponi and York Rivers, and on the east by the Chesapeake Bay. The
Rappahannock River and many tributaries cut the area into a gentle land-
scape of undulating to r511ing hi1ls. Most of the elevations Tie between
sea level and 200 feet (61 meters). Soils are for the greatest part moist,
except during the warm season when some may dry out. Most soils have a
shallow to deep.subsurface of clay accumulations. |

The area is apprqximately 60 percent forested, primarily in farm

woodlots and scme larger priﬁate holdings. Forest cover typeé'fnc1ude
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Figure 1.--~The nine county study site is in the northern coastal plain
of Virginia. King George, Lancaster and Northumberland Counties
were used for computer aided classification of cover types, soil
maps, and a water inventory.




TobTolly-shortleaf pine, oak-pine, oak-hickory, and oak-gum-cypress. HNon-
forest areas are primarily pasture with some hay, corn, and small grain
crops. Since there are no Federal or State owned forests or parks within
the site, recreational opportunities are scarce. However, the Potomac
River and Chesapeake Bay do offer opportunities for swimming, boating, and
fishing.

Some of the studies reported here were carried out within three counties
---King George, Lancaster, and Northumberland. This was because soils maps
needed to develop resource management plans were unavailable for the re-

maining six counties.

Data Used

‘Remotely sensed data used in this investigation included bulk LANDSAT
I and II MSS photographic and computer compatible tapes, U-2 high altitude
CIR photographs, Agricultural Stabilization and Conservation Service (ASCS)
photographs, radiance measurements made with a Forest Service airborne
four-band radiometer, and field measurements of solar irradiance and sky
radiance. Table 1 lists the remote sensing data used by data source, study,
date, and quality.

LANDSAT photographic data were either received through a standing
order with the westérn Photographic Laboratory, ASCS, Sa't Lake City or
selected from LAMDSAT U;S. Standard Catalogs (NASA, Goddard Space Flight
Center). To be useful, these.data had to (1) conform with timing of.the
on-going Forest Survey in the area, (2) be within a good season for
intérpretation and classification, (3) pfovide complete cdverage'df the
study site, and (4) be cloud free. Also, base date for the investigation
had to be within a few dayé of the high altitude photoqraphiclmiSSfon
(May 8, 1975). | |
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Table 1.--Remotely sensed data used in inventory studies by data source, date, and quality.

Inventory Data Electromagnetic Quality
Data Source Date Studies Type Bands
LANDSAT 1
5339-14344 March 23, 1976 Water Resource Photographic .8-1.1 um (IR) Good
Inventory {panchromatic)
5340 14395 March 24, 1976 Water Resource Photographic .8-1.1 um (IR) Good
Inventory (panchromatic)
LANDSAT 11
2122-15074 May 14, 1975 Forest Inventory Photographic .5-.6 um (Green) Good
(combined color)
2122-15081 1:125,000 .6-.7 um (Red)
CCT'S .7-.8 um (IR)
.8-1.1 um (IR)
2274-15062 October 23, 1975 Water Resource Photographic .6-.7 um (Red) Good
Inventory (panchromatic)
2275-15065 1:125,000
2310-15060 November 28,1975 Water Resource Photographic .8-1.1 um (IR) Good
Inventory {panchromatic)
2310-15062 1:125,000
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Table 1.--Continued

L3

Inventory Data Electromagnetic Quality
Data Source Date Studies Type Bands
2453-~14574 April 19, 1976 Solar and Atmos- CCT'S A1l Bands Good
2454-15030 April 20, 1976 pheric Corrections
15032
U-2 Mission
75-056A May 8, 1975 Forest Inventory Photographic A-.8 um Good
(CIR)
Hater Inventory 1:125,000
Solar and Atmos-
pheric Corrections
ASCS (Aerial 1969-1972 Forest Inventory Photographic A-.7 um Fair
Photographs . (panchromatic)
1:20,000
Forest Service October 23, 1975 Solar and Atmos- Radiometer 400-1125 nm Good
(Ground and Air pheric Corrections (total ground
irradiance and
sky radiation)
April 23-24,1976 Solar and Atmos- Radiometer 400-1125 nm Good
pheric Corrections  (total ground
irradiance and
sky radiation)
Four-Band 5.6 pm (Green) Good
Radiometer .6~.7 um (Red)
.7-.8 um (IR)
.8-1.0 um (IR)




A1l LANDSAT data prior to May 14, 1975 included only small portions
of the study site. In many instances the data also included cloud
cover, Thus the first opportunity for acceptable data was over two
months after the start of the contract. The photographic data and CCT'S,
however, were not received until several weeks later.

The high altitude photographic mission was originally requested
for the period April 1 to May 31, 1975. This period was considered
acceptable for capturing differences in phenological development for
ground cover classes. The photographs were taken in early May and
color transparencies and prints received from the ASCS Western Photo
Lab in August. It was October, however, before the photographs were
judged to be acceptable in quality.

Base maps for both area and point control data included USGS
1:250,000 topographic sheets and USGS 73 minute guadrangle map sheets.
General Soils Maps produced by the Soil Conservation Service were
used to produce soil association overlays for resource cover maps.

Climatic data were summarized from monthly Climatological Data.
reports from the Environmental Data Service, National Oceanic and

Atmospheric Administration (NOAA).

11
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FOREST AND WATER INVEHTORY BY
CONVENTIONAL PHOTO INTERPRETATION
by

Robert €. Aldrich and Wallace J. Greentiee
Introduction

There is a place in resource management for conventional photo
interpretation by nighly skilled photo interpreters. Any allusion that
machines, trained by machine operators, will inventory and map the
resources in the future is pure speculation. Resource managers well
versed in resource interpretation will either use machines or con-
ventional photo interpretation to help them inventory and map the
FEsources.

Most resource managers will be disappointed to find that sophisti-
cated computer programs and peripheral computer devices are either not
available, are too expensive to use, or their own computers (if they have
one} are not compatible with the systems. On the-other-hand, conventional
photographic interpretation techniques result in equal or better accuracy,
they are less expensive, and they are simple to use. One disadventage
is that conventional interpretation will usually require more time to
compiete the work (Aldrich 1976). If the information to be obtajned is
absolutely necessary, however, the additional time will not be that
important.

In this portion of the report we will show how photographic irter-
pretation of LANDSAT data was used to measure water and forest resources

in two separate inventory schemes.

PRECEDING PAGE BLANK NOT FILMED
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Water Resource Inventory

Knowing how much, the quality, the use, and where water resources
are located is important information for a water data base. This infor-
mation should be important in identifying areas desirable for outdoor
recreation activities, management of range and wildlife, industrial develop-
ment, and for monitoring non-point sources of poliution. In other words,
availability of water is important in the management of land and 1in making
land-use decision.

The smaller the Tand management unit the greater the need for in-
place resource information. This water inventory study investigated the
" use of LANDSAT photographic data to inventery water for individual counties.
The objective was to provide county managers with information that could
be coupled with soils, climate, vegetation, and population information to
manage the Tand and water resources. Three counties are included in the

inventory---King George, Lancaster, and Northumberland (fig. 1).
Techniques zn? Procedures

The water resource inventory sampling design is a stratified random
double sample (two phase}. "Al1-visible bodies of water are enumerated on
LANDSAT, stratified by”size class, and subsampled on U-2 color infrared
(CIR) aerial photographs. Total water estimates were computed by expanding
the U-2 subsample means.
A1l streams and wide water bodies within a county boundary were
delineated on 1:125,000 scale enlargements of LANDSAT Band 7 for scenes
2310-15060 and 231015062, November 28, 1975 (fig. 2). Band 5 for the
November scene was not recorded, therefore Band 5 for Scehes 2274-15062 _

14
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and 2274-15065, October 23, 1975, were substituted for additional thematic
and cultural 1‘11fofma£1‘on. County boundaries and 10,000 meter Universal
Tranverse Mercator (UTM) grid Tines were drawn from 1:250,000 topographic
map sheets. The outlines were photographed, enlarged to fit the LANDSAT
image and taped in place.
The LANDSAT scenes for the November and October dates were examined
together with the aid.of a scanning stereoscope. Boundaries of Takes,
reservoirs, ponds and other wide surface water bodies were drawn on
clear stabilene material in India ink (fig. 3). Streams, canals, and
other narrow bodies of water were drawn on the stabilene material using
a single dashed line.
The length of streams and area of surface water bedies within 1
kilometer (.62 mile) square cells within 10 X 10 kilometer UTH grid cells
were measured using a metric rule. Surface water was measured to the
nearest 0.5 mm? (0.02 inchesz) and stream lengths to the nearest 0.5 mm
{(0.02 inches). The totals for each cell were recorded and jidentified by
each 10,000 meﬁer UTH cell and grid location. Cell Tocations were
necessary to relocate samples in the second phase of the sample design.
The data were punched for computer analysis.
A computer program was written to stratify the total population of
sampie cells into seven stféta‘based on stream length and surface water
area (table 2). Then samples were randomly selected within these strata
for the photo interpretation phase of the sample design.  The number of
samples selected in each strata was arbitrary {table 2). We wanted a
sufficient number in each strata toakeep sample variation within strata
at a minimum yet we could not afford to over sample because of time
restrictions. o | - o | |
| The samples were 1o;ated by 1 kilometer (.62 miie) cell number on iga
1:24,000 map sheets that had been up-dated from May 8, 1976 U-2 CIR
R 16




Figure 3. Boundaries of lakes, reservoirs, ponds, estuaries, and rivers
as well as streams and canals were delineated on the LANDSAT enlarge-
ment using a stabilene material and India ink. The large cells in the
illustration are defined by the 10,000 meter UTM projection system;
the smaller 1,000 meter cells form the sampling frame. Circled cell
number 321 is one of the stratified random samples examined on high
altitude CIR photos and USGS maps.
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Table 2.--Total number of LANDSAT sample cells (the sample frame) and U-2 photo sampies by seven
defined water strata; three counties.

County
King George Lancaster Northumberland AT1 Counties
Strata Strata Definition LANDSAT  U-2 LANDSAT  U-2 LANDSAT  U-2 LANDSAT  U-2
Cells Sample Cells Sample Cells Sample Cells Sample
1  No streams and no - 263 30 122 30 190 30 575 90
' water bodies .
2 0.1 to 10 mm of 20 15 25 15 33 20 78 50
streams and 0.1 to
1.0 nmé water bodies
3 0.1 to 10 mm of 110 29 119 29 161 30 390 48
streams and 1.1 to
16 mmé water bodies
o 4 0.1 to 10 mm of 39 15 178 30 113 25 330 70
stEeams and over 16
mme water bodies
5 0.1 to 10 mm of 90 30 73 20 95 25 258 75
streams and no water
bodies
B Over 10 mm of 17 10 12 12 18 19 47 32
streams and less than :
16 mmé water bodies
7 Over 10 mm of streams 5 5 2 2 6 6 13 i3
and over 16 mmé water
bodies
Total ha4 134 531 138 €16 146 1691 418
-,
¥ o e O
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photographs. With a zoom transfer ScOpe, the U-2 photo images were
superimposed on 1:24,000 map sheets while stream length and surface

water bodies were accurately measured within each subsample (fig. 4).
Transparent wedge micrometers were used for stream length measurements to
the nearest .01 inch {.004 mm). Areas were measured with a high

density dot grid (144 dots per square inch). Stream length was con-
verted to kilometers and water surface area to hectares. Individual
streams and bodies of water were identified by number and their

length and avea recorded.

Each numbered body of water (stream or water body) was closely
examined on the CIR photo and given four different classifications:

(1) water resource class, (2) water size class, {3) water utility
class, and (4) accessibility class {table 3). These classes should
give the land manager some icea of the availability and poteniial
utility of water resources in each county. Data for each county
were punched for computer analysis.

Water utility was the most difficult class to assign. This classi-
fication was a subjective judgement made by the photo interpreter based
upon visible evidence such as land use patterns, buildings, activities
in the area, and associations between the evidence. To check utility,
50 samples were systematically selected to examine on the ground. In the
time allotted it was possible to visit only 44. Each ground sample was

described in writing and a color photograph taken for evaluation.
Results

The results of this inventory are experimantal, Me have attempted

to verify our estimates of surface water by comparing them with Bureau of
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0 examin
(.62 miles) square subsample cells on 1::120. 800 sc
and 1:24,000 USGS quadrangle map sheets.

Figure 4. A zoom transfer Scope was used =
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Table 3.--Watev resource classifications.

Classification Class Code Definition
Water Resource Class 53 streams and rivers
54 sloughs, estuaries, and
canals
55 water impounded in
reservoirs, lakes and
ponds
Water Size Class
Streams, sioughs, 1 less than 10-meters wide
estuaries and canals 9 10 o 100-meters wide
3 100-meters to 1/8th mile
wide
4 Over 1/8th mile wide
Reservoirs, lakes, 5 less than 10-meters in
g and ponds diameter
6 - 10 to 100-meters in
diameter
7 100-meters in diameter
to 40 acres in size
8 Over 40 acres in size
Water Utility Class 0 intermittent stream
1 navigation
2 recreation
3 residential
4 farm
5 fisheries
6 indusirial
7 unknowm
ORIGINATL, PAGE IS
iﬂﬁ OF POOR QUALITY
2]
s e AN iR o

T s v B



Table 3.--Continued

Classification

Class Code

Definition

Accessibility Class

intermittent stream

less than 100 meters
to road

101 to 300 meters to
road

301 to 1,000 meters
to road

More than 1,000 meters
to road




the Census? statistics for inland water, however, variations in locating
county boundaries and differences in defining inland water make the
comparison suspect. These results are, however, compared rather
favorably with estimates derived by other means in another section of
the report and in Appendix A. Problems that arise when measuring water

to meet a National standard are discussed as well.

Stratified Random Sampling

The county water resource inventory data indicate that, although
two out of the three county estimates showed a slight gain in sampling
efficiency using stratified random sampling, the gain in efficiency
was too small to be-significant (table 4). Standard errors of the
sample cell means by county ranged from 8.1 to t9.4 percent for
water-ways and from *10.7 to 159.4 percent for surface water at the
67 percent confidence level (1 standard deviation).

When length of water-way data for individual counties were com-
bined, the standard errors of the sample cell means for stratified
random sampling remained greater than for simple random sampling
(table 4). However, the error was reduced to 7.6 percent by combining
data. Stratified random sampling was 6 times more efficient than
random sampling for combined surface water. We concluded from these
results that under the conditions defined by this study, stratification
of water populations on LANDSAT photoaraphic data is beneficial for
estimating surface water. However, because of problems in defining

and delineating water-ways, stratification is not effective and does

2The U. S. Bureau of the Census, Land and Water Area of the
United States: 1970.
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Table 4.--Mean length of water-ways and mean surface water area per square kilometer by county and
standard errors of the means for both stratified and simple random sampling; according to
Cochran (1953).

Length of Nater«waysl Surface water areal

County Sample Cell Standard errors Sample Cell Standard error

Mean® Stratified  Random Mean Stratitied Random
—————— Meters - - - = - ~ - =« = - = - - Hectares - ~ - - - -

King George 705.6 t66.7 t54.6 3,2 t1.9 T 0.8
Northumberland 713.3 t57.7 t62.4 10.6 +1.3 t 1.5
Lancaster 737.3 +60.4 t62.1 22.5 t2.4 to.7

Combined + + + +
Counties 695.7 T62.8 51.7 11.1 0.38 _2.43

1R1vers, streams, estuaries, canals, sloughs
2Reservoirs, lakes and ponds, and estuaries, sloughs, and rivers over 100 meters wide.
367 percent nrobability level

Ay samplie cell is I-kilometer square.




not reduce population variation. Ac a result, stratified random sampling
for both water-ways and surface water combined does not improve sampling
efficiency. This does noi mE&T, however, that betier aeliniuion oF

water strata, better LANDSAT photo data. and better allocation of

sampies to the strata will not improve effectiveness of the sampling

and increase sampling efficiency. Regardless, LANDSAT is a useful

base for defining and enumerating the total population units for simple

random sampling.

Water Comparisons

Total estimated length of water-ways and total surface water area
were computed for the three sample counties (table 5). Surface water is
compared with the Bureau of the Census statistics for counties (tabie 6).
Discrepancies between the two sets of Tigures are caused by differences
in Tocating county boundaries that follow water lines or the measure-

ment and estimating procedures used in the two inventory systems.

$ize Distribution

0f all the reported water-ways in each county, the greatest number
are intermitient streams running only during the wet season (table 7).
These stream beds are included in the Tless-than 10 meter (32.8 feet)
wide class and were measured by the sample on aerial photographs and
USGS map sheets. Intermittent streams represent about 47 percent of
the reported total. Streams and rivers 11 meters (36 feeﬁ) up to
1/8th mi1é (201 meters) wide represent approximately 43 percent of the
total; only 15 percent of these represent rivers over 100 meters (328
feet) but less than 1/8th mile (201 meters) wide. The remaining water-
ways_(lo percent) were over 1/8th mile wide and represent water defined

by tne Bureau of the Census as "Inland Water".
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Table 5.--Total length of water-ways and area of surface water by county.

Water Resource

County water~ways1 SE Surface Water Area? SE
- - Kilometers - - . . . . _ Hectares - - - - - .
King George 384 36 1,741 11,034
Lancaster 392 +32 11,947 t1,274
Northumberland 439 t36 6,529 T 800

ATl Counties 1,215 *gp 20,217 *t 687

1includes rivers, streams, estuaries, canals, sloughs

2inc'!udes estuaries, rivers, sloughs, canals over 100 meters wide, and

reservoirs, lakes, ponds.
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Table 6.--Area of water defined by Bureau of Census compared with surface
water area defined by LANDSAT stratified sample; three counties.

Open Waterl Surface Nater2
County Bureau of Census LANDSAT Difference
---------- Hectares+ - - = = ~ - = - -Percent- -
King George 1813 1741 =72 ~4.,0
Lancaster 4144 11,947 +7803 +188.3
Northumberiand 8547 6529 ~2018 - 23.6

lincludes streams, rivers, sloughs and estuaries more than 1/8th of a
statute mile wide (201 meters) and lakes, reservoirs, and ponds over
40 acres in size (16.19 hectares)-

Zincludes all measurable surface water area.
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Table 7.--Length of Rivers and Streams by size class, by County.

Watar Size Class

Length of Greater than
County Rivers & Streamsl Less than 10m 11 to 100m 10Im to 1/8 mile 1/8th mile
—————————————————— KiTometers— - - = = = = w = o0 o m w0 o 0 0 oo oo
" King George 384 184 165 22 - 13
Lancaster 392 183 124 29 56
Northumberland 439 200 158 30 51
A17 Counties 1215 567 447 31 120

1inc1udes estuaries, canals, sloughs, and intermittent streams.




Looking at the figures in Table 7 it is apparent that the counties

are similar in distribution of water-ways under 1/8th mile wide. Only in

s

the greater than 1/8th mile (201 meters) wide category do they differ to
a great extent. For instance, Lancaster County with the Rappahanock
River as one boundary has the largest total in this category. King George
has the Jowest total because the County boundary on its north follows
the shore-line of the Potomac River rather than bisecting the River.
Morthumberland, like Lancaster, includes the mouths of several large
tributaries opening into the Chesapeake Bay.

Surface water area in both Lancaster and Northumberland reflect
the large rivers and bays within their boundaries (table 8). Of 11,947
hectares (29,521 acres) in Lancaster County, 35 percent are in bodies of
water over 40 acres (16.2 hectares) in size. This area (4217 hectares

or 10,420 acres) should agree with the Bureau of the Census figure for

"inland Water®, however, it is 151 percent higher. As explained be-
fore, this is primarily due to the County Tine bisecting the Rappahanock
River. By definition, the Bureau of Census recognizes this water as
“water other-than-inland water" and considers it in the Chesapeake Bay.
Surface water in King George County is very limited when com-

pared with the other counties.

Accessibility

Accessibility, or how available water is to man and animals, should
be important in tand management. femote sensing can probably provide inis
information better than any other source. For inszance, in this study
accessibility was measured on the photo subsample by nearness to a road.

Other references such as nearest developed area {urban), farm, or

O

pasture, or whether a water body is within some fixed radius of a point,

might have been used as well.




Table 8.--Surface water area in reservoirs, lakes, ponds, sToughs, estuaries and rivers by size
class, and by county.

Surface area classes

Surface Less than 11 teo 100m to Greater than
County Area 10m 2 100m 2 40 acres 40 acres
e Hectares - - - - - - o o _ L L. ____
Kiny George 1,741 , 0 926 574 241
Lancaster 11,947 0 4,518 3,212 4,217 .
Northumberland 6,529 | 0 2,350 2,089 2,090
Total 20,217 0 7,794 5,875 6,548

ot

lincludes sloughs, estuaries and rivers over 100 meters wide (class 3 and 4},

2diameter




Table 9 gives some indication of how accessible water is in each
county. For instance, very few (6 percent) of the active rivers and
streams are over 1,000 meters (3280 feet) from the nearest road. Thirty-
two percent are within 100 meters (328 feet) which makes them extremely
accessible for recreational pursuits of one form or another. Almost two-
thirds of the sloughs, estuaries and canals are within 100 meters (328 feet)
of a road and could be used for boating related recreation if owners of
the 1and would allow access. This would also be true of almost 50
percent of the water impounded in lakes, ponds and reservoirs as well,

Since the distance to a road is measured on USGS map sheets up-
dated using recent aerial photography, the accuracy of these measure-
ments is better than could be obtained by almost any other method. The
real problem to management would be to obtain access rights to the water

for public use.

Utitity

Photo interpreters need a strong background in water use as well as
interpretation aids to interpret the utility of a particular body of
water. Size, shape, general location, clarity of the water, landform,
vegetation and other individual and associated factors contribute to the
interpretation. It is é subjective classification but can lead to some
yseful information for the land manager.

Every body of water has one or more possible uses. In table 10,
water has been classified into seven general classes according to what
the photo interpreter considered the primary utility. Secondary and
tertiary classifications are not given because they would add Tittle to
a meaningful analysis of the data.

There are 653 kilometers of water-ways in the three counties. Sixty-
nine percent of these are between 11 meters (36 feet) and 100 meters
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Table 9.--Percentage of water observed in each county by water resource accessibility class.

Resource Accessibility Al
Class Classl King George Lancaster Northumberland Counties
----------- Percent = =~ - - - = =~ = = = = - -

Rivers and Less than 100 meters 35 30 30 32

streams?

101-300 meters 27 21 25 25

301-1000 meters 33 39 42 37

Greater than 1000 meters 5 10 3 6

SToughs, Less than 100 meters 42 80 63 64

estuaries, 101-300 meters 9 10 20 14

- and canals 301-1000 meters 47 7 16 19

Greater than 1000 meters 7 3 1 3

Lakes, ponds Less than 100 meters 45 b1 Y 49

and reservoirs 101-300 meters 26 33 29 29

301-1000 meters 29 16 19 22

Greater than 1000 meters 0 0 0 0

1Distance measured from stream to nearest road.

2Does not include intermittent streams.




(328 feet) wide. Recreational use was assigned to 63 percent of all
water-ways---91 percent of these are in the 11 meters (36 feet) to 100
meters (328 feet) size class. Streams over 1/8th mile wide (201 meters)
account for 69 percent of all streams classified for navigation.
Navigation and recreation together account for 84 percent of the water-
ways in the three counily area. This large percentage is due primarily
to a low non-urban population and few, if any, heavy industries.
Residential, farm and fisheries uses make up only 13 percent of the total.

Surface water area is defined as all measurable water area including
streams and rivers. Navigation was assigned to 33 percent of all the
surface water in the three countiss---70 percent of these were over 40
acres (16.2 hectares) in size. Ninety-one percent of water classified
for recreation is between 11 meters (36 feet) wide and 40 acres (16.2
hectares) in area. Recreation accounts for 35 percent of all the sur-
face water use. As with water-ways, navigation and recreation account
for the largest percentage of the surface water. Residential and farm
use account for an additional 18 percent.

Because of rural populations and little industrial activity there
are few major sources of water pollution in the three counties. However,
non-point sources of sediment from agriculture lands and poor land use
practices up-streém from the study site can be detected by tonal

variations in water.

AGE B
ORIGINAL P
Ground Assessment OF POOR QUP:LITY

Forty-four water classifications in the three sample counties were
checked on the ground. Of these only six were considered misclassified.
For instance, one estuary was called residential by the interpreter

probably because of an unusually large number of residential dwellings
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Table 10.--Water resources expressed as a percentage by size and utility class; three combined counties.

Water size classl

Utility Class Less than 11 to 10Im to Greater than
10m 100m 1/8 mile 1/8 mile

Length df rivers and streams2

- - - ~ Kilometers -~ = = - = = s e e e e e e - Percent = « = = = = = = = = = = = = = =
Navigation 139 21 0 4 27 69
Recreation 413 63 0 91 6 3
Residential 40 6 0 60 28 12
Farm 6 1 17 83 0 0
Fisheries 42 6 0 79 12 9
Industrial 4 1 0 75 25 0
Unknown 9 2 56 44 0 0
Total? 653 100 1 69 12 18
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Table 10.--Continued

Water size by class!

Utility Class Less than 11 to 101m to Greater than
10m 100m 40 acres 40 acres

Surface water area

————— Hectares - - - - - I ==Y ool A B S e
Navigation 6579 33 0 P 28 70
Recreation 6998 35 0 58 33 9
Residential 1814 9 0 38 47 15

Farm 1854 g 0 68 3z 0
Fisheries 479 2 0 13 50 37
Industrial 359 A ) 83 17 4
Unknown 2034 10 1] 91 g 0
Total3 20,217 100 0 41 31 28

ICotumn totals are not additive.

2Inc1udes estuaries, siouaghs, and canals.

3Totals do not agree with county summary totals due to the affect'of:weighting factors in the

individual county subtotals.
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1ining the shore. 1In this instance, however, the primary use of the water

was recreation as evidenced by the number of boat docks and boats. Two
ponds classified as farm were misclassified---one turned out to be a
sewage disposal pond and the other was a dry field. Two ponds were mis-
classified as recreation. One was a farm pond and the other was in a new
residential development where construction was about to begin. And
finally, one misclassification was a recording error.

Interpreting water utility on remote sensing imagery with meaningful
resuits requires well defined classes. Although the resulis in this study
appear to be reasonable, the classes were extremely nebulus, i.e., they
were not clearly defined by criteria that could be observed or measured
.on the imagery. Also, classes must be based upon what is physically
present (observable) and what can be measured, not actual use. It is
these observed and measured elements that must be fit into a potential

utility pattern.

Cost

The total cost of the water resource inventory was $2,682 (table 11}.
Water resource maps created for the three counties by visual interpretation
of LANDSAT and U-2 photo data (fig. 5) cost $790 and 5931 respectively.
Although computer mapping of water may be as accurate and require much

Tess time than visual mapping, the cost will be higher.
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Figure 5.--LANDSAT photo data for (band 7) scene 2310-15062, November 28,
1975 was used to delineate water-ways and surface water shown in {a).
U-2 1:120,000 CIR photos were used to map the ground truth in (b).

The iTlustration is for King George County.
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Table 11.--Cost analysis for a three county water resourca inventory.

Cost
Material, method or task description Manhours Dollars
Photo products

LANDSAT 251 213
u-2 - 342
Maps and overlays 27 222
Interpretation and mapping
LANDSAT 51 380
‘ u-2 66 492
Data Summary and verification g 67
Data Analysis
i
Card P PAGE
ard Punch Oﬁle%QUMﬂY 9 36
Computer oF BOO 15 125
Analysis 32 239
Summary ' 40 560
Total 274 2682

1To make 70mm negative for Bands 5 and 7 for two dates and make
1:125,000 scale enlargements. -

PREGEDING PAGE BLANK NOT FEWED,
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Forest Area and Yolume Estimates

Keeping stock of the Nation's renewable resources becomes in-
creasingly important as the demand on these resources intensifies.
Although population increases have moderated somewhat in recent years,
demands for housing, food, water and recreational experiences have
not---in fact, they continue to increase. This means that a siowly
declining (there is some Tand exchange between the resource uses and
others) renewable resource area base must meet these increasing demands.
Periodic inventories of renewable resources are important to learn what is
present now or what could be encouraged for the future by proper manage-
ment treatments.

Remote sensing is a tool to aid the information gathering process
for large popuiations of land units. 1In theory at Teast, the more
heterogeneous the Tand use, the Tand forms and the land cover ciasses
the more useful remote sensing should be in resource inventories. There
is a point, however, where these differences become too complex even for strat-
ification by remote sensing. Only by testing remote sensing in an operational
environment will it be possible to fully understand what its role will be.

The forest inventory reported here paralleled an operational in-
ventory in nine counties in the northern coastal plain of Virginia (fig. 1).
A]thcugh the operational inventory has since been completed using con-
ventional techniques, comparability of the two sets of data was maintained
by using LANDSAT and aircraft imagery acquired in May 1975---at approxi-
mately the same time as the operational inventory was conducted. Ground

data from the operational inventory was used in this quasi-operational test.
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Background

Land-use classification has been the first stage in extensive
nationwide forest resource inventories since the early 1940's. This
classification is usually done by photo interpreters on available
medium scale panchromatic aerial photographs. Many times these photo-
graphs are 5 to 8 years old at the time they are used. Since the
primary purpose of land-use classification is to determine an accurate
forest area base for expanding forest resource statistics, changes
in land use since the photographs were taken can be a serious problem,
If the forest area hase is not accurate, data from ground subsamples
expanded by a forest area expansion factor will be f-accurate. Unless,
up-to-date photography or other remote sensing i agery is available
on a wide area basis, it will be very difficult to adequately measure
changas in the torest area base.

LANDSAT satellites with overlapping 18-day cycles can provide
new coverage by seasons for almost any area in the United States.

From LANDSAT-1 (ERTS-1) studies (Aldrich and others 1975}, it was con-
cluded that interpreters could correctly classify Level I informa-
tion (forest, nonforest, water) 96 to 100 percent of the time on

false color composites. It was also concluded that with improved
spectral and spatial resolution the sateliite imagery could be used

in extensive forest inventory sampling strategies.
Classification System

This report describes how computer enhanced LANDSAT photographic
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data were used to classify Level I and Level II forest and land use
classes (table 12). The classification system included the 12 indi-
vidual classes in table 13. Not all of these classes, however, were
found in the nine county site.

The operational Resources Evaluation Unit in the southeastern
United States combines five agricultural nonforest classes and the
marsh and swampland classes listed in table 13 as "other miscellaneous"
in their first-level photo stratification. They do not stratify by
forest types.

Qur first-1r 21 stratification on LANDSAT data included forest,
nonforest and water---forest Tand was further divided into conifer and
deciduous based on the spectral values in the imagery. We could not
classify marsh and swampland, or urban, because of limitations of the
LANDSAT data. At the CIR photo phase in the sampling design, however,
classes included all of those in table 13 with the exception of

Grassland.
Techniques and Procedures

The techniques used to estimate forest area and volumes were geared
very closely to those used by the Resources Evaluation Unit (formerly
Forest Survey) in the southeastern United States.3 The sampling technique
js double sampling with regression for area adjustments. In the technique,

a large number of 16-point photo clusters are classified for land-use and

3Forest Survey Manual for the Southeast, Parts I through V. U.S.
Department of Agriculture, Forest Service, Southeastern Forest

Experiment Station, Ashevilie, North Carolina. 1968. Part I. p. 1-6.
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Table 12.--A land-use classification hierarchy for remote sensing and ground information sources
compatible with current nationwide forest resource evaluation objectives. Color defini-
tions are based on high-altitude color infrared photography and simulated color
infrared composites of LANDSAT data.

Classification Color definitions (based on Munsell 1920-60, ISCC-NBS 1975)

I FOREST LAND

II Conifer Density of conifer stands, number of hardwoods mixed in stand, and
111 Pine stand size influence color value and chroma. Dense stands
. pine-Hardwood are darker with less chroma. In the fall, before advanced
hardwood coloration and leaf fall, conifer stands appear dark
IV Seedling and Sapling  purplish red. Separation between Conifer and Hardwood classes

Polas is less distinct in fall than in winter or early spring.
Sawtimber Where hardwoods and conifers are mixed in stands, hardwood
color predominates, and stand is usually classified as Hard-
wood. In spring before hardwoods are foliated, conifers
appear moderate to dark purplish red. Seedlings and saplings
on prepared sites appear lighter than poles and mature
sawtimber with closed canopies.
II Deciduous Hardwood Stands appear moderate grayish purplish red in fall and pale
purple to moderate purplish red in spring. 1In fall, upland
E% Il gg;igi]gzgdﬁgggwood hardwoods cannot be distinguished from hottomland hardwood:.
v T In spring, before foliation, upland hardwoods appear pale

IV Seedling and Sapling purple to Tight grayish purplish red. Bottomland hardwoods
Poles are generally a moderate purplish red. Stand size class
Sawtimber (texture), density of crown canopy, and ground cover in-

fluence color value, density, and chroma but to a lesser

O

=,

(w3}

22

BB

gy

%% extent than in conifer stands.
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Table 12.--Continued

I NONFOREST

1T Grassland

IIT Undisturbed Grass
Disturbed Grass
Dead Grass (Annual)
New Improved Grass

IT Cropland

III Immature Grain
Immature Row Crop
Mature Crop
Harvested Crop
Orchard
Farmsteads

I1 Bare Soil

IIT Plowed Fields
Erosion
Urban (site preparations)
Rock Outcrop

IT Wild Vegetation

I1T Idle Land
Abandoned Land
Transitional
Kudzu
Marshland
Alder Swamp

Grassland appears deep pink in both fall and spring;
sometimes mistaken for immature cropland in spring.

Mature crops in fall appear bluish gray to grayish blue.
In spring, immature crops appear deep pink and may be
mistaken for grassland.

In fall and spring bare soil appears cream colored on
LANDSAT “magery. There is no distinction between plowed
agricultural fields and sites prepared for new commercial
developments. Generally in spring most areas of bare
soil are newly plowed fields recently or soon-to-be
planted.

In fall, areas range from grayish purple of idle land to
grayish purplish red of abandoned land to deep pink of
Kudzu vine. Marsh and alder swamps are a moderate purple
because of wet background. In spring, idle land becomes
light grayish red to dark pink because of influx of new
infrared-reflectant vegetation. Abandoned-transitional
land (reverting to forest), on the other hand, is grayish
purplish red and marsh and alder swamps are grayish violet.
Deciduous Kudzu vine, purplish gray in the spring, easily
separates itself from all other vegetation when fall and
spring images are viewed together.

@
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Table 12.--Continued

IT Urban

1II Transportation &
Utilities
Home Developments
Commercial Developments
l'ecreation

I WATER

IT Water

I1I Clear Lakes & Ponds
Turbid Lakes & Ponds
Rivers & Streams

Areas are ldight blue in the fall and very pale blue in
the spring. Unfortunately, because of low resolution of
LANDSAT data, secondary roads, minor roads, and most
utility lines are not resolved.

Water is dark greenish blue in fall and light greenish
bluc in spring. Farm ponds of less than .4 hectare

(1 acre) can be seen on LANDSAT images if there is
suftficient contrast with background.
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Table 13.--A Tand-use and forest classification scheme adapted from the Forest Service Resource
Data Standards Handbook! and Forest Survey Manual for the Southeast.?

Classification

Definition

Forest Land

Conifer

Deciduous

Cropland

IdTe Farmiand

Improved Pasture

Grassland

Other Agriculture

Areas .4 hectare (1 acre) or larger in size and capable
of supporting more than 10 percent cover by forest
trees and not developed for nonforest use.

Forests in which southern yellow pines singly or in
combination comprise over 25 percent of the stocking.

Forests in which hardwoods singly or in combination
comprise over 25 percent of the stocking.

Land currently being utilized to produce agricultural
crops that are harvested directly and not indirectly
as pasture forage consumed by livestock.

Former cropland, orchards, improved pasture, and farm
sites not tended within the past 2 years and presently
less than 10 percent stocked with trees.

lLand currently improved for grazing by cultivation,
seedicg, irrigation, or clearing of brush and trees.

Land other than improved pasture on which the primary
natural cover is grass and forbs.

ATl other farm land not used for crops, idle, or
pasture. Includes farmstead, buildings, and
service areas.




Table 13.--Continued

Marsh and Swampiand Land temporarily or partially covered by water and poorly
drained land capable of supporting more than 10 percent
cover of swamp vegetation (marsh grasses, cattails, etc.).
Does not include spruce bogs, cypress tand, or other
hydric forest sites.

Urban and Other Areas Areas within the legal boundaries of cities and towns;
suburban areas developed for residential, industrial,
or recreational purposes; schoolyards; cemeteries; roads,
railroads; airports; beaches; powerlines and other
right-of way; or other nonforest Tand not included in
any other specific land class.

Census Water Streams, sloughs, estuaries, and canals more than .2
kitometers {1/8 of a statute mile) in width; and lakes,
reservoirs, and ponds move than 16.2 hectares (40 acres)
in area.

Ly

Noncensus Water Streams, sloughs, estuaries, and canals less than .2
kilometers {1/8 of a statute mile) in width; and lakes,
reservoirs, and ponds less than 16.2 hectares (40 acres)
in area. Minimum width of streams, etc., is 9.1 meters
(30 feet) and minimum size of lakes, etc., is 9.1
meters (30 feet) in diameter.

lrorest Service Handbook, Chapter 1309.13, U.S. Department of Agriculture, Forest Service.

2Forest Survey Manual for the Southeast, Parts 1 through 5, 1968, U.S. Department of
Agriculture, Forest Service, Southeastern Forest Experiment Station, Asheville, North Carolina.
Definition of Terms, Pages D-1 through D-9.




a subsample is checked on the ground. Then a Tinear regression is fitted
fo develop & relationship between the photo and ground classifications of
the subsample. Finally, the photo estimate is adjusted for change in land-
use since date of photogragchy and for misclassifications. The adjusted
areas are used to expand per acre volume, growth, mortality and removal
astimates derived from an independent permanent sampile of 10-point clusters

on the ground.

Area Estimates

For area estimates, 1:125,000 scale enlargements were made of the
LANDSAT image for each county (fig. 6). A grid overlay of 16-point
clusters (4X4) was constructed to sample the area at an intensity of
approximately 90 hectares (222 acres) per cluster. This sampling
intensity was designed to estimate forest area within a sampling error
of +3 percent per million acres (404,858 hectares) using conventional
techniques.- An overlay of each county was made from a 1:250,000 USGS
map sheet and scaled to the photo enlargements. In addition, a scaled
overlay of permanent plot Tocations was made using plot coordinates, a
cocrdinatograph, and photographic techniques. During the interpretation
phase, the permanent plot locations in the overlay were overlaid with a
scaled cluster template and the points interpreted. The clusters were
added to the large area sample.

Experienc.d photo interpreters examined each cluster with the aid
of a 2X magnifier and classified the points into one of five classes---
forest land, conifer, deciduous, nonforest, and water. Each cluster was
recorded by its position within the overlay grid or by permanent subsampie

number.
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s of LANDSAT for each county to estimate forest area by

"

--A 16-point cluster overlay was used on 1:125,000 scale combined
lor enlargement
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Using computed proportions in each photo subsample cluster and

@*n corresponding ground cluster

4 as continuous variables, computations

vere made for each LANDSAT land-use class in the photo sampie (see

footnote
Where:
x:

y =

and:

SS

SS

SP

3).

proportion of Tand-use in a CIR photo subsampie cluster.

proportion of land-use in a ground or LANDSAT subsampie
cluster.

proportion of land-use in the LANDSAT sample cluster.
adjusted land-use proportion in the county.
regression constant.

regression stope coefficient.

number of clusters in subsample.

total number of photo clusters.

total number of sampling units in the population.
adjusted area in land-use class.

total area being sampled.

corrected sums of squares of y.

2 (Eyz)
Ly - T

n

corrected sums of squares of x.

2
. . (Ix7)
ix - A

n

corrected sums of squares of the cross products.

Txy - (Zx)gzz)

“Ground clusters were examined by the Resources Evaluation Unit,
Asheville, North Carolina.
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variance of y.

n-1
Computations were made for: i
1. The mean proportions for individual land-use

classes using ground, or CIR photo data.

2. The mean proportions for grouped land-use classes

using CIR, LANDSAT, and ground data.

n :

- E-i =1 (‘y'ij) ;

Y5 n :

where: :
Yix = proportion of the i th cluster in land-use class j. E

yj = mean proportion in land-use class j. i

éf-‘fz

n ‘
_ =E.i - l(ij) . i
Yk n

P

|
where: 5

¥

t

¥;) = proportion of the i h cluster in grouped Tand-use

class K.

&k = mean proportion in grouped land-use k. 5

3. Regression corctant (a) and slope coefficient (b) were computed

for (1) the relationship between Tand-use proportions on LARDSAT and the
corresponding proportions on the ground and (2) the relationship between
land-use proportions on the CIR photos and the corresponding proportions

on LANDSAT imagery. The equation for adjusting land-use proportions took

the form:

P=a+b (p)




4. The squared standard deviation from the regression for

each method.

(sp,,)°

n-2

5. The adjusted area for each combined iand-use class for
each method.

L= (P)(A)

6. The standard error of the adjusted forest area for each

method expressed as a percent.

' 2 2 -
2| I P - X) . n s ;
5 =/\/Sy'x [ﬁ’*i%xx)][l "EJ +—%[ an]

(s,)
SE = —Tg7~{100) at the 67 percent level of confidence.

Bureau of the Census Tand areas, adjusted by the RRE Unit for water,
were used in the study to keep forest area and other estimate comparable.
A sampling error was computed for each county forest area estimates, the
conifer and deciduous forest type estimates, and the combined county
totals.

In another part of the study, CIR photo classifications for the sub-
sampie clusters were used as a second phase to estimate area pfoportions
by individual land-use classes (table 13). These proportions were used

to break down the grouped land-use estimates made on LANDSAT.
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Volume Estimates

The resources evaluation sampling design js a random-systematic
sample of permanent ground locations. Nonforest locations become forest
locations when nonforest 1and is found reverted to forest tand. At
each forest location, a 10-point cluster is established and a basal
area 37.5 variable plot is used at each point to select sample trees.
Volumes of all sampie trees over 5.0 inches in diameter at breast
height (d.b.h.) are expanded to the per acre and the adjusted forest area
(population) level. The accuracy objective is iS percent per billion
cubic feet of growing stock volume.

Inventory volume (board foot and cubic foot) estimates at the
population level (county adjusted forest area) were obtained by
multiplying volume per tree times trees per acre times the adjusted acres
of forest land obtained from the independent LANDSAT area sample. Volume
by forest type was obtained by multiplying mean volume per acre in
conifer and deciduous types by the adjusted conifer and deciduous forest
areas estimated using LANDSAT data.

Soard foot and cubic foot volumes were computed for individual
counties and for all counties combined. Volume variances were computed

for all estimates by the equation:

5 . L2 -2
s = (va)z‘_ﬁ%— + %’—Z\

p v
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Where:

variance of total volume

1]
Il

N = area sampled
p = proportion of area in forest
v = net cubic volume per acre of growing stock

2 -
55 = variance of p

2 . -
S- = variance of v

v
Computations were made for:

1. variance of v

2. (zy)
A

55 7 'in-ljini

2. Estimated total volume (V) in the area.

V = Npv

3. Sampling error in percent

o = A J‘s?\)[(loo)

4. Sampling error per billion cubic feet of growing
stock in percent.

SEB = (SE)(V/V')
/ 1,000,00.0,000

55




Results

To evaluate these results, it should be recalled that per acre
volumes were extrapolated from RRE Unit data summaries and multiplied
times the areas derived from the LANDSAT large area sample. In the
large area sample it was assumed that photo interpreters would call
mixed conifer-deciduous areas conifer type because of previcus experience
on Tate Tall and early spring imagery. This apparently was not true,

however, and the affect of this will be brought out in the discussion.

Area Comparisons

County forest area estimated from LANDSAT color composites were
within T 10 percent of estimates made using ASCS photographs (table 14).
Five county estimates were high and four estimates were low. Both
techniques used identical ground cluster data to develop linear regression
adjustments for land use change and misclassifications. The accummuiated
difference in area for all nine counties is only 0.8 percent.

Generally speaking, the greater the forest area in a county the
Tower the sampling error, table 14. This was to be expected since there
are fewer photo and ground samples in the smaller counties and variance
will be greater. It is also quite apparent from table 14 that sampling
errors by county are roughly 2 to 3.5 times Jarger for LANDSAT estimates.
These errors result because of discrepencies between ground and LANDSAT
cluster point locations. Such discrepencies cause higher squared standard
deviations for regression and result in higher standard errors for the

adjusted areas. Errors of this type are caused by misregistration of the
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Table 14.--Comparison of LANDSAT and Forest Survey adjusted forest

£) areas and their sampling errors in terms of one standard
- ervor.
LANDSAT Forest Surveyl
County Forest Area  Sampling Error Forest Area  Sampling Erroré
-Hectares- - -Percent- - -Hectares- ~ -percent- -
Caroline 108,253 3.90 106,555 2.07
Essex 40,107 7.24 43,369 2.02
King and Queen 58,289 3.85 65,141 2.34
King George 29,613 5.92 29,216 3.77
Lancaster 19,032 12.31 20,917 3.90
Middlesex 21,077 11.05 21,785 3.61
E} Northumberland 30,768 8.31 28,000 2.91
Richmond 35,302 6.97 31,982 2.57
Westmoreland 37,248 8.44 35,814 2.87
A1l Counties 379,689 2.31 382,779 0.98

1Cost, Noel D. 1976. Forest Statistics fTor the Coastal Plain of
Virginia. USDA Forest Service Resource Bulletin SE-34. Acres
converted to hectares by the factor 2.471 acres per heciare.

25amp11ng error computed for commercial forest area oaly. King George
and Westmoreland County forest areas include 983 and 633 hectares
respectively of productive reserved forest land.
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cluster template over the ground plot location. Since the photo scale

(1:125,000) is so small and LANDSAT data resolution so coarse, these

errors will always occur when these comparisons are made. HWhat is most
jmportant is the fact that the areas themselves are very close to the
RRE Unit estimates. Also, the estimate of total forest area is well
within the national accuracy standard of £ 3 percent per million acres.

Areas of conifer and deciduous types, adjusted by regression
techniques, are listed in table 15. The RRE Unit areas of forest type
are based on the ground sample. As a resuit,some differences by counties
were very large. When the nine county RRE totals for pine and ocak-pine
were combined they made up 48 percent of the forest area. However, if
_the mixed oak-pine type is added to deciduous rather than conifer there
is better agreement. The conifer type alone, according to RRE Unit
summaries,is 31 percent. The adjusted large area sample on LANDSAT
data showed that 33 percent of the forest area was conifer.

Sampling errors in table 15 indicate that most county area estimates
were within * 25 percent. Only in conifer type for Lancaster, Middlesex,
and Northumberland Counties was this error exceeded. Deciduous types,
with greater areas, had sampling errors ranging from about 7 to 18
percent. It i¢ noteworthy that for nearly one million acres of forest
land in the combined counties, the sampling error for conifer was only

Tt 6.7 percent and for deciduous the error was only 3.7 percent.

Volume Estimates

Mean volumes by conifer and deciduous types were derived by
summarizing per acre volumes for individual ground locations within

pine, oak-pine and hardwood types. The volumes for plots in mixed
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bgd_;% TABLE 15.--LANDSAT forest area by county and major forest types with sampling errors in terms
o - of one standard error.
] )
e
&
E z
=B Forest Area
County Coni fer? Deciduous?
Totall Area SampTing Error Area Sampling Error
~Hectares- -Hectares- - - -percent- - = -Hectares- -~ - Percent- -
Caroline 108,253 32,618 13.79 75,635 6.81
Essex 40,107 18,500 14.29 21,607 11,14
King and Queen 58,289 18,101 18.35 40,188 7.70
o King George 29,613 12,605 16.94 17,008 13.43
Lancaster 19,032 8,696 26.59 10,336 18.07
Middlesex 21,007 5,310 48,39 15,767 13.10
Northumberland 30,768 6,748 38.44 24,020 12.35
Richmond 35,302 11,157 23.98 24,145 13.49
Westmoreland 37,248 12,113 21.89 25,135 11.42
A1 Counties 379,689 125,848 6.69 253,841 3.74

1Measured by Jarge area sample on LANDSAT and adjusted by regression developed from a subsample
on the ground.

ZMeasured by large area sample on LANDSAT and adjusted by regression developed from a subsample
on 1:120,000 CIR photographs.




oak-pine in this instance were added to the volume in pine type. This

is contrary to the RRE county and unit summaries (see footnote 1, table
14) where oak-pine type area is summarized with hardwood types.

TabTe 16 reports the net cubic-foot and board-foot volume by
conifer and deciduous types measured on LANDSAT Inventory area sample.
The reliability of volume estimates and independent area estimates are
given in tabie 17.

As might be expected, sampling errors for county estimates are
relatively high. For the entife nine county area, however, cubic foot
volume estimates will be within ¥ 10.2 and * 8.7 percent of the true
volumes for conifer and deciduous types respectively, 2 out of 3 times.
Although these estimates are used here and in the discussions that follow,
they are experimental and should not be used in operational planning.

There are no RRE county summaries of volume by forest type. Thus,

there is no way to compare volumes in this experiment with those

derived from the operational inventory.

Cost

Cost comparisons used in table 18 are restricted to direct costs for
photos, photo handling, and photo interpretation. In addition, two
additional costs inherent with the LANDSAT technique are Tisted separately
for emphasis. These costs are those necessary to produce precise overlays
ot permanent RRE ground Tocations. More efficient point digitizers and
automatic plotters would reduce these costs significantly. It should be
added that coordinates of permanent ground sample locations may be required
in the operational procedure someday to implement combining information From

different sources. If this is the case, the expense will be added to the
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Table 16.--Het cubic-foot and board-foot volume by broad forest type and by county.1

Cubic foot volume Board foot volume
County Total Conifer Deciduous Total Conifer Deciduous
- - Thousand Cubic Feet - - - - - Thousand Board Freet - -

Caroline 450,790 ;111,951 338,839 1,184,021 257,027 926,994
Essex 163,444 77,164 86,280 447,970 244,016 203,954
King and Queen 206,298 61,412 144,886 551,338 159,679 391,659
King George 121,223 56,378 64,845 301,811 144,932 156,879
Lancaster 43,489 25,248 23,241 103,528 60,059 43,469
Middlesex 66,246 21,k97 44,649 161,100 68,217 92,883
Morthumberland 115,129 33,817 81,312 282,486 116,241 166,245
Richmond 142,394 30,767 111,627 378,301 68,894 309,407
Westmoreland 125,779 38,699 87,080 264,034 65,217 198,817
A1l Counties 1,439,792 457,033 982,759 3,674,589 1,184,282 2,490,307

1Mean net cubic-foot and board-foot volume per acre was determined from Forest Survey samplie data
and expanded by LANDSAT forest type areas.



Table 17.--Sampling Errors for County and nine county totals in terms of one standard error.

- Forest Area Yolume
: Conifer Deciduous
County Conifer Deciduous Cu. FE. Bd. Ft. Cu. Ft. Bd. Ft.
:; ————————————— Sampling Ervor (percent) = - = = = == = ~ = = - - -
i; Caroline 3.79 7 6.81 9.54 16.90 9.10 16.41
: Essex 14.29 o 11,14 24.60 33.09 14.13 23.84
King and Queen 18.35 7.70 16.25 22.58 15,88 23.58
King George 16.94 13,43 22.67 39.95 13.32 17.90
on Lancaster 26.59 18.07 34.68 51.38 30.70 43.48
" Middiesex 48.39 13.10 35.34 50. 46 25.40 29.38
o Northumberland 38.44 12.35 47.44 52.45 12.99 22.79
:; Richmond 23.98 13.49 39.16 50.721 15.34 28.42
il Westmoreiand 21.89 11.42 32.34 45.14 14,12 29.95
A1 Counties 6.69 3.74 10.24  17.53 8.69  11.15
i
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Table 18.--Comparative cost of land use and forest type

and on 1:20,000 ASCS photographs.

stratification on LANDSAT photographs

Item and Basis

ASCS

LANDSAT

Photo Handling

Photographic costs

Photo Interpretation

Special Mapping

Total Cost

Ordering, organizing,
labeling photographs

and date products,
enhancing images,
transferring plots, (GS-
7, GS-9 pay scale)

ASCS photos with cluster
grid (est. $1.00 per
photo), LANDSAT data tapes,
color composite, color
prints. (Gov't. rates)

Land use: ASCS at 3
clusters per minute,

LANDSAT at 2 clusters per
minute; forest type
classification: ASCS and
U-2 photo at 12 clusters per
hour. (GS-7 pay scale)

Measure plot coordinates
Prepare template overlays
(GS-9 pay scale)

Person/
hours

Doliars

Person/ Pollars
hours

80

66

444

373

370

45 345

- 194

114 631

24 163
72 400

146

1187

255 1733

1Includes only 22 percent of the total cost of one set of LANDSAT data tapes.
2The LANDSAT area sample had 27 percent more clusters than the ASCS area sample.

3These costs are not presently part of the operational inventory system.



ASCS photo method. The total cost of the LANDSAT method exceeds the
present system by 46 percent, however, it should be noted that if the
special mapping costs are excluded, the comparative costs are $1187 and
$1170 for the operational and LANDSAT systems respectively.

Time is sometimes more important than total cost. In this quasi-

operational inventory study the time to complete the interpretation

phases on LANDSAT imagery exceeded the operational inventory by 9 percent.

In total person/hours, the LANDSAT technique exceeded the operational
syztem by 75 percent.

In summary, it appears that to use up-to-date LANDSAT photographic
data in resource inventories, one must be prepared to spend both more
money and more time than would be expected using available 1:20,000 scale
ASCS aerial photographs. There may be some cost advantages in the LANDSAT
data to measure forest types, water and changes that couid not be evaluated
in this study. The addéd cost of the LANDSAT technique would then be

justified.
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o COMPUTER AIDED INVENTORY OF FORESTLAND

by

Edwin H. Roberts and Norman E. Merritt

Introduction

This inventory was to parallel a regional timber inventory

conducted using conventional interpretation of LANDSAT photographic

preducts and the operational Forest Survey being conducted at the

same time. . Comparative results and costs of the three inventory

procedures would have established guidelines for both future use and

continuing research in resources inventory technigues,

Unforturately, all obiectives could not be met in the time span

of this investigation due to problems resulting from a move of the

i) research unit from Berkeley, California to Fort Collins, Colorado.

In the time available for this study, computer assisted techniques
have been used to inventory the forest area in nine Virginia counties.

A11 counties were inventoried using a systematic sampie of LANDSAT

pixels and in three counties the areas in conifer, deciduous hardwood,
nonforest, and water were estimated using all pixel data. Maps were

proguced from these classifications to show the distribution of ground

cover classes in each of the three counties. For eacn ot the nine

T s

counties a tabulation of forest area is produced and compared with the

estimate from Forest Survey. :
Background %

Previous research performed by this unit and by other indicates

that computer assisted classification using supervised procedures only




is probably not the most effective method for classifying ground cover

types. If the spectral data for two classes of interest does not
differ, then it will be impossible to separate them. Using only
supervised classitication it is not known whetnher two classes are
separable until training statistics are generated for each of them;
even then, separability is known only between those specific classes.

By using unsupervised classification it is possible to partition
the spectral data into separable clusters. These clusters can ther be
identified by the ground cover types they represent and the spectral
data from these clusters can be used as input to the supervised classi-
fication procedures. After classification, the clusters can be combined
into information classes of interest.

One original objective of this study was to determine, for the
Virginia test site, what ground cover types and conditions corresponded sz
to the spectral clustering of the data. Because of the physical move
of the research unit and the problem this caused with the use of
computer facilities, only a minimum of this objective could be met.
However, unsupervised and supervised procedures were used for all the
computer assisted classification and the spectral clusters generated
during unsupervised classification were identified into aggregated

ground cover classes,
Study Area: some special considerations

The nrine county study area has been described earlier, but tor
computer assisted classification some of its features present special

problems. The area is a mosaic of small, irregulariy shaped agricul-

tural fieids, deciduous forest on both upland and bottomiand, small
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natural stands and conifer plantations along with cutovers, abandoned
agricultural fields and small towns. Because of the small average
size of individual cover type areas there is a large amount of cover
type border. Any pixel straddling a border has a spectral signature
usually unlike that of the types on either side of the border and
often more like some unrelated type.

Water borders seven of the nine counties and because official
county boundaries encompass a different area of the surrounding water
than is ascribed to them by the Bureau of Census, county @rea figures
derived from LANDSAT do not agree with those published by Bureau of
Census and used by Forest Survey.

in order to have area figures that can be compared with those
of Forest Survey it was necessary to modify our water area figures

from LANDSAT as described under Procedures.
Classification Sysiem

Final classification of the LANDSAT data for the nine county
test site used three Level I classes: forest, nonforest, and water.
The class forest was further subdivided into the Level II classes
conifer and deciduous hardwood (Table 12). The data were actually
classified into many more than the final fuur land cover classes.
Nonforest for example contains a diversity of cover types from urban
areas to bare and completely covered agricultural fields. These
diverse cover types can not be characterized by a single spectral
pattern, but must be recognized on an individual basis.

Unsupervised clustering of the data from test areas produced as

many as twenty-five spectral clusters. These spectral values were

67




used as input to the supervised classification program. After final
pixel classification was completed, the clusters were combined into
four classes; conifer, deciduous hardwood, nonforest and water.

A Tine printer map of Northumberland county in which eighteen
spectral clusters are each printed as a different character is shown
in Figure 7. The eighteen spectral clusters have been aggregated into
Four color coded Jand cover classes in Figures 8, 9, and 10 (Page 80, 81,
and 82).

Procedures

Computer compatible tapes (CCT's) for LANDSAT II scenes 2112-15074
and 2112-15081, May 14, 1975, were used in computer assisted analysis of
the nine county test site. The CCT's for the two scenes were refermat-
ted and the data merged to form a new composite scene which covered the
entire test site., ATthough the date was not optimum for differentiating
between cover types of interest, a decision was made to proceed using
these scenes rather than wait several months for something better.

Boundaries for the nine counties were drawn as shown on USGS topo-
graphic maps of the area. Where no houndaries were defined, as on the
Chesapeake Bay, a generalized smooth boundary was drawn along the shore-
Tine including some water. The county boundaries and 30 control points
distributed throughout the area were digitized and fitted to the LANDSAT
jmage using a least squares technique. A computer mask was then
produced from the digitized county boundary data such that each pixel
of the LANDSAT scene could be assigned to a county. Boundary and point
digitizing, geometric fitting to LANDSAT data, and making the computer
mask were contracted to the Remote Sensing Research Program at the

University of California, Berkeley.
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Figure 7.--Sixty sheets of computer printout were taped together
to form this six foot by seven foot mosiac from the land cover
classification of Northumberland County, Virginia. On this map
eighteen spectral clusters are shown as different symbols.
Although cumbersome to use for large areas such as this, these
line printer maps are very useful for preliminary examination of
test area classification. This map can be compared with Figure 10
where the clusters have been aggregated to four cover classes and
displayed photographically in color.
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With the move of our research group from Berkeley, California to )
Fort Collins, Colorado and the disruption in personnel and facilities i‘
use this caused, we felt working with additional LANDSAT scenes for
computer assisted classification would be beyond our capabilities.
Cover type classification work began utilizing a previously
developed set of computer programs known as HIST and EDMAP. HIST
simply provides the user with a frequency distribution for the radiance
count values by channel for a designated portion of a LANDSAT scene,
This information is used to choose radiance count intervals for input
to the EDMAP program. A vector is formed for each combination of
channel and interval. By assigning a character to each vector and out-
putting on a line printer, a map is formed. The result is a quasi-

unsupervised classification. Clusters are formed based on their

spectral similarities rather than their cover type similarities, but

the radiance count intervals are arbitrarily chosen. The clusters
thus formed do not necessarily have less spectral variability within
than among clusters.

The Tine printer maps and aerial photos of the area are viewed
simultaneously under a Zoom Transfer Scope (ZTS) to determine the
ground cover type or condition represented by each vector.

Statistics are derived for each vector type and then these are
used as input to a supervised classification program. Cover types
Trom the resulting classification ean be aggregated into inventory or
information classes of interest.

A preliminary classification was performed for a part of

Northumberland County. Although the results compared reasonably well

with aerial photos, 1ittle was Tearned of the natural spectral cluster-

ing of the data. At this time a version of the ISOCLAS spectral
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clustering program which we had been trying to procure became available
to us from the Remote Sensing Research Program at the University of
California, Berkeley. With the acquisition of this computer program we
began unsupervised classification of the data.

As contrasted with the EDMAP program, ISOCLAS partitions the data
into clusters by the use of a mathematical algorithm such that there
is areater spectral similarity within clusters than among clusters as
measured by the distance between the values for a data point and the
cluster mean.

The clustering process is iterative and the number of iterations
is selectable. After all data has been assigned to clusters, new means
are calcuTated and clusters may then be split into new clusters if the
standard deviation of the cluster exceeds a selected value. Two clusters
are combined if the distance between their means is less than a
specified value.

At least two areas of 1600 or more pixels were submitted for
clustering from each county in order to include the diverse conditions
encountered. Clustering results were output as lineprinter character
maps. After the data were clustered, the clusters were given identities
in terms of their ground cover characteristics, e.g., water, bottomiand
hardwood, up1and hardwood, bare soil, etc.

The cluster maps were viewed simultaneously with high altitude CIR
aerial transparencies using e ZTS. The cover type represented by ezch
cluster was identified from the photographs. [t was often found that a
cover type was represented by several cTustérs. For example, the non-
forest cover type included many clusters such as “ire soil, roads, urban

and various agriculture which could usually be identified, but which

w2re not of individual interest. Within the forest cover type, only
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mixed forest could be consistently identified in addition to the
conifer and dec'duous hardwood types. Ground checking of the cluster
maps did not reveal any consistent basis for further subdividing the
forest classes.

After identifying the clusters their means were input as proto-
types to the supervised classifier TYPIX. This classifier computes
the distance between spectral values for a pixel and each prototype
and assigns the pixel to the class of the nearest prototype. Small
test areas within each county were classified to determine that the
prototypes were sufficient. If not, further clustering was done and
additional prototypes were generated. Five sets of prototypes were
used to classify the nine county area.

The three counties of King George, Lancaster, and Northumberland
were inventoried by classifying all data points. From this classifi-
cation color coded photographic maps were made by a computer controlled
Tilm recorder. In addition to providing a visual display, the complete
classification of these three counties provided a base for comparison
with the jnventory performed by systematic sampiing of the LANDSAT
data. For all nine counties a systematic sample of pixels was
classified in grder to savé computer processing time and costs.

Forest Survey must meet accuracy standards within the sixty-
seven percent confidence limit of + three percent sampling error for
area of commercial forestiand. For individual counties the allowable
sampling error is + ten percent. The LANDSAT data were sampled at an
intensity of seventeen percent by classifying every third pirel on
every other line. Assuming an overall classification accuracy of only

seventy percent (the performance in test areas was better than eighty
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percent) the sampling error is less than one percent even on & per
county basis.

Total area within each county had to agree with that used by Forest
Survey if results from the two inventories were to be compared. Since
the area to be inventoried was defined differently for the two inven-
tories, a procedure was devised to force the area from the LANDSAT
data to be the same as that used by Forest Survey. Two assumptions
were made: (1) a high degree of accuracy was attained in differentiating
land and water in the LANDSAT classification, and {2) the difference in
area ascribed to each county by the inventories was due entirely to a
difference in defining the water that was to be included. The total
pixels in each county classified into land catagories was divided into
the land area estimated by Forest Survey. This gave an area/pixel for

each county as shown in the tabulation below.

Caroline 473
Essex .468
King & Queen 470
King George .457
Lancaster .486
Middlesex 476
Northumberland .470
Richmond .469
Westmoreland 461

This expansion factor was used as a multiplier to expand the pixel
count for each county to area in hectares. The county Tand area plus
the area of non census water as determined by Forest Survey was sub-

tracted from the county area as determined from LANDSAT data. The
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difference, water included within the boundaries drawn for LAND3SAT

but not considered for inventory by Forest Survey, was then subtracted
from the LANDSAT water area. The remainder of the water was deemed

to be non census water,
Results

For the entire nine county test site,estimates of forestiand
area differed by less than one percent between the Forest Survey
inventory and computer assisted classification of LANDSAT data (Table
19). For individual counties a difference of up to twenty-one percent
occurs. These differences could be due to inaccuracies in classifica-
tion or could be accounted for by the simple statistical probability
of difference due to sampling.

Forestland for the LANDSAT effort was defined differently than
for the Forest Survey. For LANDSAT, forestland was defined as Tand
with an actual cover of trees or wildland vegetation; for the forest
Survey, land can be as little as ten percent stacked and be classed as
forest. Some of the latter was probably called nonforest from LANDSAT
data and was certainly not called conifer.

The accuracy of classification for the sampled pixels from the
entire nine county afea was not checked because singie pixels could
not be accurately located. However, pixel classivications were checked
against aerial photos for the three counties that had all pixels
classified, and for test areas in the other six counties. The follow-
ing general conclusions were reached: The accuracy of water classifi-
cation was greater than ninety-eight percent; waler was confused only

s

—
with wet marsh and swampy forest. In keeping with the great variety of { ;




Table 19.~-Comparison o7 forest area estimated by computer assisted
ctassification of a 17 percent systematic sample of LANDSAT
data and forest area estimated by the 1976 Forest Survey.

Forest Area

County
LANDSAT Forest Survey Difference
~ - - - hectares - - - - - hectares - percent
Caroline 109,799 106,555 3,244 3
Essex 45,380 43,369 2,011 5
King and Queen 56,600 65,141 8,541 13
{ing George 31.492 29,216 2,276 8
Lancaster 23,789 20,917 2,872 14
Middlesex 21,803 21,785 18 0
_ Northumberland 22,078 28,000 5,922 21
Richmond 29,260 31,982 2,722 9
Westmoreland 40,212 35,814 4,398 12
A1l Counties 380,413 382,779 17,778 1

1Cost, Noel D, 1976. Forest Statistics for the Coastal Plain of
Yirginia. USDA Forest Service Resource Builetin SE-34.
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conditions represented, nonforest contained the greatest number of
spectral clusters. Many of these clusters could easily and reliably

be identified into cover types; however, some agricultural fields in
early stages of growth, but having nearly full ground cover have
identical spectral patterns as some stands of upland hardwood. The
resulting misclassification of some hardwood forest and agriculture

was probably the only case where a homogen2.us type of over five hectares
in area might be misclassified. Hardwood was seldom cnnfused with anv-
thing other than agriculture. Pure pine stands were sometimes confused
with hardwood swamp, but Tittle area was involved. Mixed conifer-
hardwood forest was aggregated either with conifer or with hardwood
depending on the proportion of each. Areas of mixed forest with approxi-
mately twenty-five percent or more of the crown cover in conifer were
usually classified as conifer.

Sixty-eight percent of the land area of the nine county test site
was classified as forestland; forty-one percent of this is conifer and
fifty-one percent hardwood. Percentages by county are shown in Tabie
20.

Water is a Targe percentage of the total area of some counties as
can be seen in Table 21. Much of this water area is removed from the
area to be inventoried by Forest Survey before sampling .or forest area
is performed. The LANDSAT inventory area was adjusted to correspond as
nearly as possible. The resulting changes in proportion can be seen
for three counties in the table.

The greatest source of classification error was the small average
size of individual cover types areas. This distribution results in a

targe number of border pixels. Border pixels often have a spectrai
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Table 20.--Percent of county area in each land cover class as derived
from computer assisted classification ?f a 17 percent
(]} systematic sample of the LANDSAT data.” Figures in
- parentheses are from the 1976 Forest Survey.

Forest Land Nonforest
County - Rard-
Total Cenifer Wood Total  Water Other
----------- percent~ = ~ - - - - - - -
Caroline 79(76) 35 44 22(24) 1 21
Essex 70(67) 25 45 30(33) 1 29
King and Queen 69(79) 47 22 31(21) 1 30
King George 63(64) 16 53 31(36) 1 30
Lancaster 67(59) 30 37 33(41) 2 31
Middlesex 65(64) 20 45 35(36) 2 33
~ Northumberland 45(57) 11 34 55(43) 3 52
Richmond 61(65) 16 44 40(35) 1 39
Westmoreland 68(60) 26 42 32(40) 1 31

1Figures are not additive because of rounding to the nearest whole
percent.
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Table 21,--Estimated area by cover class from computer assisted
classification of all LANDSAT data within each of three

counties.

Adjusted percentages and area of water are

obtained by removing from each county a number of pixels
classified as water sufficient to make the county area

inventoried by LANDSAT and by Forest Survey equal.
adjusted percentages can be compared with those in table 20

for the systematic sample.

The

County Conifer Hardwood Nonforest Water Total
King George
Unadjusted
Hectares 7,456 23,840 13,558 2,732 47 .586
Mercent 16 50 28 3]
Adjusted
Hectares 7,456 23,840 13,558 731 45,585
Percent 16 52 30 2
Lancaster
Unadjusted
Hectares 9,906 13,736 10,886 16,732 51,260
Percent 19 27 21 33
Adjusted
Hectares 9,906 13,736 10.886 856 35,484
Percent 28 39 31 3
Northumberiand
Unadjusted
Hectares 9,895 11,917 25,903 11,115 58,830
Percent 17 20 44 19
Adjusted
Hectares . 9,895 11,917 25,903 1,497 49,212
Percent 20 24 53 3

4
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pattern unlike any of their component cover types. Because of the
relatively larger number of spectral clusters comprising the nonforest
type and the spectral diversity of these clusters, border pixels
probably most often fit one of these clusters.

We have estimated the cost of classifying an average sized county
(50,000 hectares) in the nine county test site. The tame nurchase
cost is prokated from the nine county area; had it been prorated from
the entire LANDSAT scene the cost would be much lower. The estimate
is for that unique, but certainly not optimum, combination of
facilities available to the project during the course of the study.
These costs reflect an estimate for the research mode in which they

ware incurred.

Dollars Manhours
Purchase CCT's 40 ---
Computer costs and analysis or
interpretation time
Tape reformatting 30 pa
HIST 10 4
BGREYS 40 10
ISOCLAS 120 20
TYPIX 160 4
Produce Tand cover map phot 4 3
400 53
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Figure 8.--Computer assisted land cover classification of King

George County, Virginia. Color code: Green, conifer forest;
Yellow, deciduous hardwood forest; Rust, nonforest; Blue, water.
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F1qure 9.--Computer assisted 1and cover c]a551f1cat1on of

a”_,.-.-_ﬁ) . i .7,..:._, vater dn the T r sart of tlha
l_ [ [ R VY wy | u\J\_AI_Jq . LI IR ¥ = 'lvl -k -

figure is the north side of Lhe Rappahunnock R1ver th1s watar
area is not counted as part of the county in the Forest Survey
inventory. Color code: Green, conifer forest; Yellow, deciduous
hardwood forest; Rust, nonforest; Blue, water.
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Figure 10.--Computer assisted land cover classification of
[ .

Northumberland County, Virginia. Color code: Green, conifer

forest; Yellow, deciduous hardwood forest: Rust, nonforest,
ite
blue, water.
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STANDARDIZATION AND QUANTIFICATIONS OF LANDSAT DATA
Solar and Atmospheric Effects on LANDSAT Imagery
by
Robert W. Dana

Introduction

The application of spectral signature extension from one
satellite image to another requires a technique for calibrating
and changing solar and atmospheric effects. The effects of changes

In solar zenith angle, aerosol content and humidity are primary

- physical factors that might be accounted for in adjusting signatures

for computer-aided classification. Research by Fraser (1974),

Turner and others (1974), Potter and Mendlowitz (1975} and Rogers

and others (1973) exhibited significant variations in either

path radiance or beam transmittance, which could significantly effect
the radiance of terrain elements measured by LANDSAT.

" This report deals with development of an empirical method to
determine solar and atmospheric affects by comparing LANDSAT MSS data
with terrain reflectance data. ~The physical model is expressed as:

| L=l +Lly, | @
in which L is the sate]lite radiance, Lp is the path radiance, re-
presenting scattered sunlight into the field of view of the sensor
and r is the Lambertian refiectance of the terra1n element. The

coeff1c1ent L represents the product HT/W for the so1ar 1rrad1ance H

on the ground and the vert1ca1 transm1ttance T of the atmosphere

Turner (1975) has shown that 1in cases 1n which a p1xe1 is surrounded_.

by many pixels of great]y d1ffer1ng ref1ectance, 1t may be necessary

to add a term (or terms) to the equation relative to background
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: ref]ectance " This would account for 11ght reflected off the ground into

the satellite viewing path and then scattered toward ‘the sensor. | C:) |
The method. used in this study was to measure the reflectance, from
a low-flying aircraft, of many terrain elements wh1ch could be reg1stered
to LANDSAT digital data. The LANDSAT radiance is then fjtted to
reflectance by regression to find the coefficients Lp, Lt and any
additional background related coefficients. Due to the Tinearity of the
MSS calibration, the coefficients Lp and Lt could also aécoﬁnt fdr |
changes in sensor conversion between digital counts and radiance expressed

as mw/cm"zsr;

'BackgrOUnd

The reflectance measurement technigue described in this report was

employed in an earlier study in California and South Dakota (Dana 1975).

Wide band reflectance values acquired from a Tow-flying aircraft in
Northern California correlated we11'with Skylab (EREP) S190A sensars, and
reflectance values from the Biack Hills of South Dakota also correlated
with LANDSAT 1 data. The coefficients of the regression lines in these
two EXamp1és gaﬁe reéSohab]é values for the path radiance and beam trans- -

mittance. However, this earlier aircraft system was able to measure only

one spectral band of peflectance at & time, ahd'fepéatéd'fiight-iines3-f

were required to comp1ete the other bands. An improved system was devel-
oped for this study to measure Four reg1stered bands 51mu1taneous1y
therefore, four t1mes as much data can be gathered (and more prec1se1y)

dur1ng ‘the approx1mate1y one hour t1me span re1evant to a LANDSAT overpass
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Study Area

Test subsites for the determination of solar and atmospheric

effects are in the nine county Virginia test site (fig. 1). Of the

total of five subsites, three are along the coast to test the full
effects of maritime air. One subsite is in the SE corner of Lancaster
County near Windmill point, and two are in Northumberiand County: (1)
at Dameron Marsh.south of Ingram bay, and (2) -at the northern end

of the county between Monday Point and Lewisetta.

Two subsites are located inland in Essex and Caroline Counties.
The formeyr is at Millers Tavern west of Brays near the center of
Essex County. The latter is near the western extremity of the nine
county area around Lake Caroline.

A1l subsites include bare plowed fields, agricultural crops,
pine, hardwood and mixed pine-hardwood stands. In all but the
Windmill Point area there were examples of forest areas clecr cut
within the past 10 years, Most subsites included a few grazed

pastures. ATl but the Millers Tavern area included census water.
Instrumentation

The measurement of terrain reflectance required an assembly
of instruments in a twin engine aircraft. It consisted of an

inverter to power several A/C driven devices, a digital data .

" Togger, a four-channel radiometer, an irradiance meter and a video

camera with recorder for support photography.
‘The most critical component of the system was a four-chanmel
radicmeter capable of measuring radiance in the LANDSAT-MSS-

matched ‘wavelength bands. Through boresighted bptics, the Four -
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measurements were made of virtually the same spot on the ground with a
field of view of 9;4 degrees. Details of this instrument which was
designed and constructed in our laboratory are given in Appendix B.

The digital data system samp1ed the aﬁa]og signals from the
radiometer and an irradiance meter once per se;ond. This data, along
with a time code ffoﬁ a digital clock, wés recorded on cbmputer com-
patible tape. The sampling interval on the ground was approximately
50m, slightly less than the dimensions of a LANDSAT picture element.
The irradiance meter consisted of a diffusing receptor mounted on the
top surface of the afrcraft, a fiber optic.light guide and a small

Tilter-wheel radiometer for wavelength separation and detection. The

filters are matched to those 1in the four-channel radiometer.

The video system with a silicon diode array camera boresighted to
the downlooking radiometer is described by Dana {1975) and by Aldrich
and others {1976). We added, for this experiment, a video clock
module which displays elasped time in minutes, seconds and hundreths in
the corner of the picture frame. The camera was filtered for MSS band
5 throughout the flights. Fig. "1 and 12 show most of the aircraft
systems as it was mounted in the Aero Commander 500 B.

Concurrent to the aircraft flights we performed irradiance
measurements on the ground.at two subsites. We used a spectrometer
equipped with a circular variable filter (CVF). At intervals of 20
nanometers {nm) the incident sunTight was scanned between the wave-

Tengths of 440 and 1180 nin.
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Figure 11.--Aircraft radiometric instrumentation. Clockwise from lower
left--data system, video tape recorder, irradiance meter and four
channel radiometer electronics module.
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12, --Aircraft radiometric instrumentation. Left to right--the
o

a system, video monitor, four channel radiometer optical sensing
d. silicon vidicon camera.




N

i

. experimental subsites on which identification nUmbers and. Tand class ™ -

Data Acquisition

The bu]k of the data acqu1s1t1on for this study was done on the _ _
' Lh1rd and fourth days after the pr1mary LANDSAT pass of Apr11 20, o

1976, Once a fle]d crew determ1ned that the satellite had encountered

.clear atmosphere and that the 1mage wou]d be useab1e, the p1ane

and ”11ght crew wera sent .rom Ca11forn1g to the Vi ro1n1a site. On

. Apr11 23 before any s1gn1f1cant phenoloq1ca1 changes cou]d have
~occured swnce the LANDSAT date, the coastal subsites were flown. On

the noxo da) oh wwo Tntand SubS?oe: Were Tiown At each subs1te

three or four f11ght Tines were f?own qeneral?y in a west to east
direction. For the pilot's convenience, and the convenience of

locating flight Tines on maps and LANDSAT printouts, we tried to align

the flight line with easily recognized terrain features along the

d1rect1on of LANDSAT scan 11nes For the durat1on (3 to 5 m1nutes)

of the 5 to 9 mile flight Tines, the data logger and. rad1ometers were

“running.. The irradiance measurements were primarily of the red band,

band 5. We did sampie all four bands of irradiance at Teast once

- at each subsite to-test for changes in spectral sunlight distribution.

AnaTysis_Techn?ques o

The first”sfep'in the data'anaTysis was to.prepare maps of the

: codes'coquobe]written tor .areas along the aircraft flight lines.

. These maps were sketched, using the zoom transfer scepe, from = .

ravailab}e'l-lzo 000 scale CIR photography, taken in May 1975' The

fsca1e chosen For the .subsite sketch maps was’ approx1mate1y 1 24 000 -

match1ng the scale of grey—sca1e pr1ntouts of LANDSAT tapes ‘
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For the purpose of this report the term "data field" or simply
“field” will be used for those recognizable terrain features and areas
over which sampled radiance data were integrated to obtain registered
data pairs for the correlation. A field could represent an agricultural
fieid, forested area or stretch of water which appears relztively
homogenebus on video imagery and aerial photography. At each subsite
gach individual field is given a number.

The next activity in the analysis was to review the video tapes
recorded during the radiance flights. We used the same standard % inch
video tape recorder and closed circuit monitor that were used for data
acquisition. Candidate data fields under the center of the video image

strip, which looked to be at least 2 LANDTAT picture elements in width,

were chosen and given a number. Video clock times for aircraft passage

were also recorded. As near as could be determined from the black and
white imagery, classifications such as, bar: field, agricultural crop,
pine, hardwood, shallow water and deep water were also recorded.

Lists of passage times of the candidate fields were then compared
with the printouts of time, radiance and irrédiance from.the aircraff
tapes. Field boundaries were located on the printout, usually within
1 second of the times derived from.the video base. Care was taken to
etiminate sampie points wﬁich appeared to straddle, if only partially,
the field boundaries. With each subsite a few fields were eliminated
due to data dropouts from the aircraft data streaﬁ.

Mean radiance (voltage) values were computed for each field and
calibration coefficients applied to derive radiance L in mV cm”zsr"l.

Irradiance H was plotted for each flight line, and the Tour bands adjusted

~according to variations in the band 5 signal. Calibration was performed

‘the equation = rp.

on this data and the mean reflectance of each field was computed from
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LANDSAT radiance values, in digital counts, were nrinted out
for each subsite and for each available coverage date after LANDSAT
Tine and pixel locations were found from grey-scale maps. In
addition, an ISOCLAS unsupervised classification (see Page 71)
was made for each area. These mans displavine 10 clusters from 5
processing iterations proved more useful in locating flight Tines
{(and therefore data fields) than grey-scale maps of either band 5
or 7. The extra information from four bands rather than one band
made them worth the extra processing cost.

About 90 percent of the fields lccated on LANDSAT ware felt to
be well registered with the aircraft data. Due to the shape, small
size and orientation of some fields the remainder were of doubtful
' régistration. They were'kept in the data base but'coded so they
could be eliminated later.
| Mean values of the fields were compnted and converted, using
NASA calibration data (LANDSAT Newsletter 1977), to radiance units

of mw cm=2sr-1, The conversion equations were:

Ly= 0.08 + 0.0201 Cyy (2)
' Lg= 0.06 + 0.0134 Ce s (3)
Lg= 0.06 + 0.0115 Cg, | (4)
L,= 0.11 + 0.0603 Cys (5)

_for bands &, 5, 6, and 7 respect1ve1y, in wh1ch C was the radiance
in d1g1ta1 counts
In che 11ﬂa] stage of ana1y51s, a TTnear 1east squares fit was

| app11ed to the bivar1ace popu1at1on of LANDSAT Padiance L and air-

_ craft reflectance r. The Independent var1ab1e was taken as r and the

denendent var1ab]e was L.r The coeff1c1ents of the regression line and

.. the coeff1c1ent of determination were then computed for all data sets.




Results

The results of regression analysis of eight subsite/date combinations

(Table 22) show a general agreement with the Tinear, two-term model. Ex-
cept for two cases (Dameron 4/19 bands 6 and 7), the coefficients of

2

determination r~ are greater than .83.

The most intensively studied site, ﬁonday Pt., displays a very lihear
.felafioﬁéhfﬁ fP*ﬂ 1? and 1if ‘between aircraft-measurad reflactance” anﬂ MSS
radiance. Here, the problem of obtaining a continuous range of target
reflectances to measure atmospheric parameters in the infrared bands 6 and 7
. are exemplified. There is. a tendency toward. three data c]usters—--high
reflectance targets such as bare fields, green crops and green pastures,.
medium-high reflectance forest stands and drier pastures, and the very low

reflectance water bodies. However, a pair of marshland fields in the Wind-

mill site (fig.15) with reflectance values in the .09 to .13 range fall on

the regression 1ine and partially justify the ragression solution for the
whole range of infrared reflectances. The Millers' Tavern site, with no
water bodies produced a linear fit with low scatter despite the limited
reflectance spread (fig. 16 and 17). The poorest linear fit occurred with
the Dameron site on April 19, 1976 (fig. 18). Few water bodies or marshes
were usable on this date because a Tog cloud extended in from Chesapeake Bay
covering most of thpm: Ou%Aobserver on the ground the day of the aircraft
overflight found evidence that the Dameron area had received a moderate rain-
f2171, orobably within the previous 24 hours. This undoubtedly darkened the
soil in the 1nfrared wavelengths, reducing the refTec ance in bands 6 and 7
below the ieve?s of the LAhuaAJ paSSeS a few aays earier.

~
-

#ietds of the cdasta1

l""

A close ]ook at the c?ass1.1c-f*¢n cL'i%f f; 3

s1tes revea]ed that the mean refTectance of bare 5011 and sparse or 1mmature

:agr1cu1tura1 crops was 25 percent lower for the Dameron area than uor the

other two 51tes. If these data po1nts on f1g 1° pore sb*‘ted Loward 25 . percent
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- Table 22.--Results «f regression analysis for eight subsiie/date combinations. The symbols r , L
- a-e coefficient of determination, path radiance and coefficient of transmitted P
COmpoﬁenL respectively. The units of Lp and L, are mhcn PopTl, : '

()

v e A s

e Band 4 Band 5 Band 7
- : : 2 2 : 2 2
. Date - Site r Lp Lt‘ r Lp L._t r. Lp _ Lt re . Lp Lt
B  April-20,  Monday Pt. 91 420 2.77 .94 .25 2.49 .97 .16 2.21 .97 .21 4.20
“ 1976 pamercn Marsh. .84 .37 411 .91 .23 3.43 .84 .19 - 2.31 .84 .29 4.26
; = MWindmill Pt. .90 .40 2.65 .93 .23 2,50 .95 .18 2.00 .97 .23 3.89
3 Millers Tavern - .96 .42 2,44 .97 .27 2.30 .94 .18 2.07 .88 .20 4.09
‘Lk. Caroline .93 .42 2.45 .91 .28 2,02 .94 .18 2.18 .97 .23 4.42
© Bpril 19,  Monday Pt. .94 .42 2.87 .96 .23 2.68 .98 .14 2.40 .98 .16 4.58
1976 ‘Dameron Marsh. .84 .32 5.23 .90 .21 4.05 .50 .25 2.22 .55 .52 3.76
i Windmill Pt. .95 .38 3.45 .97 .21 2,99 .98 .16 2.32 .98 .19 4.29
28
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"._and L. for both dates, the April 20th s1gnatures were corrected to the

higher reflectance, the regression 1ine would approach the typical line of_

the'other seven sites.' The complication of the rainfall probably increzsed

~the scatter in the models for bands 4 and 5 of April 19 and for all bands

of April 20 at the Dameron site (Table 22).
With this data-set. as with others, indications of background reflectance

effects were sought to explain scatter in the data. Few of the points which .

'1ie;far,off the regression 11nes.appear to be surrounded'by'areas significantly.

highar or lower reflectance. The difficulty in finding field- averaged baclk-

ground reflectance for varying size areas around the data fie]ds=madecthjsf_.-"-:

activity beyond the scope of this study.

- To determine the applicability of the atmospheric parameters we compared

the mean radiance values for recognizable clusters in ISOCLAS vuns of the

various subsites. We standardized to a run of 5 iterations to deriVe.IO

clusters on the LANDSAT tapes. As an example, Table 23 shows the gercent

‘difference in cluster mean values between the same precisely defined Nindm111

Pt. site on April 19 and April 20. Using the regre531on derived parameter L

conditions of Apr11 19th. Comparison of 1able 23 with Table 24 shows that

" the first’ c?uster was over corrected and the 1ast c1uster was changed very
'11tt1e, but the rema1n1ng three c1usters were brought c1oser together by the

' acmospher1c correct1on

The Monday Pt scenes d1ffer very 11tt1e 1n rad1ance between the two

T datee and the 51m11ar1ty of atmospher1c parameters (Tab1e 22) bears th1s'm
_outa To summar1ze th1s compar1son, uhe values of Lp and Lt’ when used to ) |
.Lconvert rad1ance to refTectance, show agreement between dates to w1th1n G 010 B
"”refTectance | | B

An adequate tect of the app11cab111ty of th1s Lechn1que for sxgnature

P
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Tao]e23.¥~Pe|~cen'&, Gifference i'n LAE-&DSAT radiance between the April 19,
1976 and April 20, 1976 scenes of the Windmill Pt. Site.
Mean values of five ISOCLAS clusters are shown..
_ MSS Band.
_CI uster b D . [ 7
= o= = = = <Pepcent- - - ~ - - - =
1 (Bare Soi1) - 5.1 -5.3 3.0 . -2.4
3 (green crops) -3.2 -3.7 -6.3 ~6.8
j) - 4 (Deep water) - : 3.6 7.2 11,1 28,2
' 6 {Shallow water) -1.1 3.4 12.8 33.5
7 (Forest) | _ - -0.8 0.0 -3.0 -4.1
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Table 24.--Percent difference between LANDSAT radiance on April 19, 1976
_ - and LANDSAT radiance on April 20, 1976 corrected by the
atmospheric coefficients of both scenes. (Monday Pt. site).
Mean values of five ISOCLAS clusters are shown.
| . : HSS_Band |
Cluster 4 5 6 7
-------- Percent~ - - - -
- 1 (Bare soil) 8.3 8.1 6.1 . 3.8
3 (Green crops) 0.5 0.0 1.6 ~0.5
4 (Deep water) 2.5 1.7 -2.1. 3.7 O
"6 (Shallow water) 2.5 6.1 6.9  14.1 gus
7 (Forest) 1.2 2.1 3.2 0.9
o
b
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extension requires data sets sampling a wider range of atmospheric effects.
It would seem that haze conditions which aTter satellite radiance by 10-15
percent or more might be reasonably corrected. This is in light of the
fact that the radiance and irradiance measurements used in the *errain
reflectance determinations zre uncertain to about 5-7 percent.

Comparisons of different subsites with ISOCLAS results requires
much more work'than'origina11y was anticipated. For instance, TSUCLAS
tends to spilit clusters differently for different areas, resulting in
uncertainty about common identity.of cover cTasseﬁ. Out of a:pdssib1é 10
clusters one subsite might produce three bare soil c]usters, two water
c?usters two vegetation clusters and three mixed pixel clusters. Another
subsite might produce two soil, three water, three vegetation and two mixed
pikel clusters out of the ten. For thfs.reaSOn, and the fact that few

significant differences in L

p_and L, values occurred, no thorough comparisons

of subsites was performed.

In conc:us.on, this 5uuay produced substant1a1 avidence for the va11d1ty
lof a 11near atmospheric mode] with an additive (path radiance) term and a
mu1t1p]1cat1ve (transm1ttance) term. The d1sp1ay of the usefulness of
s1gnature extens1on w1th this techn1que requ1res data sets w1th greater haze

,var1at1ons than were encountered on the two dates examined.
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RESQURCE INFORMATION FOR AREA DECISION MANAGEMENT PLANS

by
~ Robert C. Aldrich ORIGINAL PAGE IS
' . OF PCOR QUALITY
Introduction

“There are maﬁy sources of intormation to aid land managers and
county planners 1n making short and long range plans. Information is
aveilable from several federal departments and bureaus including the
Bureau of the Census, Department of Agriculture, Department of Interior,
and National Oceanic and Atmospheric Administration. Information can
be obtained in the form of tabulations and maps to show population
growth and distribution, land areas, soils and soil uses, land uses,
forest areas and volumes, water, topography, rlimate and other
information.

- This section will show how vesults of inventory studiés in this
repdft'might be used.in combination with other information sources to

make -ararea decision management plan. =
~ Area Description

King George County was picked for this demonstration because it
" has more information ava11ab1é th&nzothéf counties and s smatl enoﬁgh
to be manageable yet i§ Targerenough to have reliable sample statistics
(Fig. 19). Thé total area bf'Kfﬁg.GECEgé'County-fé 47;398'hectéfés' -

5

(117,120_a;res)'0f viich 45,585 hectares (112,640 acres) is land area.

PBureau of’thegcensus, Land and Water Area of the United States. 1970.
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Washitngtion, D. C. {72 Kn)

Fredericksburg (27 i)

Colonial Beach (14 Km)

Richmond (88 Km) Norfolk (160 Km)

Figure 19.--King George County. Virgihia Ties between the Potomac River
- on the north and the Rappahannock River on the south. Washington, D.C.,
Richmond and Norfolk are all within 100 miles (160 kilometers).
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The county lies in the Northern Atlantic Slope Truck, Fruit and Poi'iry
Land Resource Kegion of the Northern Coastal Plain Land Resource Area.
King George County has a history of agriculture use that resulted

in most of the lands being cleared and cultivated for crops such as corn,

‘tobacco, small grains, and hay (USDA SCS 1974). Over the years soil

erosion, a reduction in soil fertility, and changing market conditions,
have made most farming operations in the county unprofitable. As a
result, much of the farmland reverted hack to forest land either naturally
or by planting. This means that most of the forest area at one time was
used for agriculture. Forest Tand now represents 62 percent of the total
Tand area.

Dahlgren Naval Weapons Laboratory and Proving Grounds is located in
the norﬁheast corner of the éounty on the Pbtomac River. This facility
is the only federal land and is the largest pubiic property in King
Georgé County. However, because the land is used for testing weapons, it
is not useable for rther purposes and all forest land has been removed

from the commerc1a1 forest area base. | | Cﬂlﬂ?ﬂﬂéﬂ&'?fﬂ}ﬂ 5
OF POOR QUALITY

Physical Characteristics

Elevations in K1ng George County range from sea level to 200 feet

(61 meters)--tha mean e]evation is 8% feet (25 mmtnr ) above sea level.

Within th1s undu1at1ng to r0111ng frequnnt1y d1ssected coasta] plain

county are 8 s0i1 associations that include landscapes w1th d1st1nct1ve

patterns of 5011 (f1g 20) These soils are Under1a1n by qnconsol1dated

sands, 51Tts, and,c]ays (USDA SCS 1974) The e1ght assoc1atxons are
described by the SCS as follows.

6Umted States Department of Agriculture, 5011 Conservation Serv1ce,
USDA. Agricuiture Handbook 296, "Land fesource Regions and Major Land:
Resource Areas of the United States 1963.
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i TAPE 20987, 698X375, 25 CLASSES

Figure 20.--Layered information from many sources can be an aid to land
management and county planners. This base map shows land-use in
broad categories that were classified with LANDSAT data using com-
puter techniques. The water overlay was drawn using high altitude
color infrared photographs (1:125,000 scale). The soil association
map overlay was taken the "“Soil Survey, Stafford and King
George Counties", 197%4, ed States Department of Agriculture, Soil

servation Service snenartstion gverlay was dr2wm from the
official county map. Cut-ov d t overlay
were interpreted f high al on the

cpposite page identitiis tne

the five information layers.
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' Sassafras—ﬁa?estown—KempSvi1TE Association

These are deep, well-drained to somewhat excessively drained 50115
havihg'a'Sandy clay loam or loamy fine sand sibsoil. ,This'assdcfaﬁion o
occupies an area of broad, nearly level to gently sTopfng tops.of ridges
and Stéepfsfdes of vidgés;“'s1opés are predominantly 0 to 6 percent on

the top and 15 to 45 percent on the sides. - Alluvial areas along the small

~ streams  are wet and swampy. This association covers 30 percent of King =~

George County.

Most of the near1y 1eve] to gent1y s]op1ng r1dges are-in crops and

':”pasture Steeper slopes and some r1dge uops are wooded Oak hxckory,

and ye11ow pop]ar are predom1nanu;' Smalt homes1tes are appear1ng along

roads in this association. There are on]y sTight 1imitations for septic |

- tank systems.

g Sassafras—AUra—CaroTine Associatidn _

These so11s are deep, well- dra1ned 50115 hav1ng sandy c]ay ]oam,

 heavy c1ay 10am, or c]ay subsoil. This assoc1at1on is found in one small

area 1n Kxng George County and amounts to 8 percent of the totaT area.
It is undu]1t1ng to h111y, but 1nc]udes narrow ridges where sTopes are

2 to 10 percent on the top and 10 to 35 percenb on the sides. Most of

this'aSSchation"is wooded with oak 'hiclory, and yellow pop?ar pre-

dominant V1rg1n1a p1ne and 1ob1011y p1ne are found on farmland that

"'P=" veverted o ;orest Th1c 1nnH has modava+f te sevnre 11m1»au1ons R
| for sept1c tank systems but the number OT homes1tes a]ong roads is

'lnC!'t:aS'l ng




Marr-Westphalia Association

| Th1s assoc1at10n occup1es a small area in western King George
County and makes up 2 percent of the county area. The soils are deep,
well- draTned and have sandy c]ay Toam or very fine sandy Toam subso1]s:
The land is rolling to hilly byt includes harrow ridges with slopes OT

. 2 to 10 percent on top and 10 to 30 percent on the s1des These so1Ts
-.are underlain by thick deposits of very fipe sands and a few sma]] areas

.of s11t - Most of these soils are wooded and the rest’ are 1n crops,

pasture, and small homesites. HTckory, oak ye]low pop?ar and gum are __'

- the predominant tree spec¢ies.  Land revert1ng to forest is 1n V1rg1n1a
pine. There are moderate to severe 11m1tat1ons on smpt1c tanL systems

in these areas.

- Bourne-Caroiine Association -

ridge tops with s]opes ] to 6 percent on top and 6 to 18 percent on the
sides. Most of this a5f051aL10n 1= it crops and paszure It has severe
timitations for sept1c tank systems a]though homesites are 1ncreas1ng in

LhTS assoc1au1on at a rap1d rate

Craven-Caroline Association

" The s0ils of this association are deep, well-drained to moderately

we?]—drained soils having:heamy clay Toam and clay Subsoil. - Making up




A

"aboﬁt 5 percent ‘of the county totaT area,;this association is Tooated in
-~ the eastern part of h1ng George County 1t is néar]y Tevel to gently

”fs1op1ng but 1nc1udes short sharp s]opes a?ong the 1arger dra1nage-ways o

and sma11 streams Siopes range from 0 to 6 percent on the broad areas '

and from 6 to 18 pEYCEﬂL on the SHOTu, snarp stopes. Most of this
assoc1at10n is wooded Oak and haokory predom1nate w1th V1rg1n1a p1ne

ﬁand 1oblo11y p1nes com1ng in. on cut and burned areas and on tarm1and

revert1ng to forest Most of the assoc1at1on has severe ]1m1tat1ons

! for sept1c tank systems.a

TetotuméBTadEn4BertiefAésociation

' ms:t1y 0tc 6 perceno but range from 0 to 2 percent.’ Szn d en J'Q;Lfar

~ These deep, moderately we11 dra?ned to poorTy dra1ned so1ls have

clay. Toam, sandy c1ay Toam, or c?ay subso11s and are 1ocated in northern

King George County S]opes are dom1nant1y 0 to 10 percent Steep banks_ )
along the Potomac River have active shore11ne erosion. These 50115 make |
up: 13 percent of the counqy area. This. assoc1ao1on is mostiy Wooded w1th -

m1xtures of oak, hickory, gum, sycamore map]e, b1rch, and w111ow

'-predom1naﬁ1ng. Virginia pine and_?ob1o}]y-p1ne.ocour 1ndfarm}and.

reverting to forest. The soils have moderate to severe limitations for

septic tank systems. Homesites and some boating and recreation facilities

are developing along Targer streams and the Potomac River.

h Nickham;ATfaneta-ﬁogde'Aesoeiatioﬁf*o“"' |

The 50115 in. th1s assoc13t1on make up 25 percent of’K1ng George E

County. The 50115 are_deep, We11-dra1ned to moderately we]] -drained -

'_andﬂhaVe sandy'ciay3ioam;'dTay'Toamg-or clay“sob50{1s,-:S}opes-ahe,‘:g.-.'




pité and Tidal marsh along the depahannock River also make up sighificant
areas of this association. Most of the association is in crops with few QE)
acres of pasture and wood]and This association has poss1b1l1t1es for

septic tank systems wlth veny s]1ght to moderate 11m1tat10ns

Turbeville-Kempsvilile Association

Th1s assoc1at1on occup1es a smal1 area in the west-central part, and

a narrow be]t in the eastern part of King George County. The association

includes 15 percent of the county area. The_501ls are deep, well-drained
and have sandy ciay Toam, heavy clay leam, or clay subsoils. Most of
this association is wooded with oak, hickory, and yellow poplar the pre-
. dominant species. Virginia pine and Toblolly pine are found on farmland
that is reverting to.forest. There are some crops and pastures in this
association. Limitations of the soil for septic tank systems are moderate to (E}

slight.

So1] assoc1at10n descriptwons p]us soil assoc1at10n maps topograph"
and other resource information should be useful to planners who want a |
-general idea of conditions 1n the county, who want to compare different
sections of the county, or who are 1ook1ng for areas su1tab1e for a part1cu]ar

'1and use
Climate .

King George County enjoys a relatively moderate climate with
temperatures ranging from the mideteéng.up to the high nineties. The
last frost in the spring occurs in mid-April and the first frost of the.

fall occurs in late October. Between these two dates the average daily -
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' temperatures range from 53°F (11.7°C) to 77°F (250°C). A maximum of

989F (37°C) was recorded on August 3, 1975. The lowest temperature in
1975 was ‘16%F (~9°C) and occurved on February 10. -

Normal annual precipitation for King George County and vicinity is

42.9 inches (109 cm). In 1975 the total annual precipitation was 55.1

inches (140 cm) or 12.2 inches (31 cm) above normal, A large part of
this increase occurred during a late September torvential downpour
(fig. 21). |

Some COmparativé statistics related to precipitation that should be

 of conczin in Tznd ménagémeht and pTannihgtare'tdbUiatéd'be1dwf

- 19757 ' Hormal®
Total annual precipitation | 55.1 42.9
Growing season precipitations: e e
March-April-May - ' 13.8 10.0
June-duly-August : SRR 14.9 14,0
Sept.-Oct.-Nov. - - 182 8.0
5 15
(ﬁ$“3“§E1J2§§§Zﬁffi
OF QOB ==

TUnited States Department of Commerce, National Oceanic and’
Atmospheric Administration, Environmental Data Service; Virginia,

Volume 84, No. 1-13, 19743 Volume 85, No. 1-13, 19753 and Volume

86, No. 1-9, 1976.

" 8rreom "Climatic Atlas of the United States", Environmental Data

. Service, Environmenta1;Sgience;seryice_Administratipn,,U,S,_Department_,__

of Commevce, 1968.
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variations during 1975. A torreatial d

the Potomac River and northern Virginia.
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Other climate related information of interest includes the

following:
_ S . . - Severity or
o ' 9 : ' ' frequency
Forest fire occurrence : very iow
| {Trequency of 0-132 fires per
mitlion acres-protected by
state fire-control organizations
during 1956-1965)
Major forest insects -~ o | '16&_
(William H. Bennett, Southern
Forest Exp. Station, New Orleans, La.)
Glaze storms (fhequenqy 192541953)10 _ :' . 7-13

~ Damaging tropical storms (1901-1985)'% .1
Population

The Bureau of the Cenﬁus in 197012 reported a population of 8,039
people in King George County.with_é density of 45.7 per square mile
(17.9.per squére kilometer). The total population was listed as rural..
The gain in population since 1960 was 796 or 11 percent.. According to -
the 1970 Ceﬁsus there are no incorporated or unincorporated places over

1,000 in_popu]ation. This means that a large part of the population of

9Fr'om M.L. Doolittle, “Forest Fire Occurrence in the South", 1956-
1965, USDA Forest Service Research Note S0-97, 1969.

o lOFrom_Technica} Report EP-105, "Glaze, Its Meteorology and Climatology,
Geographical Distribution, and Economic Effects," Environmental Protection
Research Division, Quartermaster Research and Engineering Command, U.S.
Army, 1959, '

- 11From.“C1fmates of the'Staies-—F1or1da“,'EnVirohmenta? Daté Service
Environmental Sciences Sarvices Atiinistration, U.S. Department of
Commerce, 1967. o o L :

12Ffom Tab1e'9. PopuTation and Land Area of Countfes: 1970 and 1960
Department of Commerce, Bureau of the Census, Virginia 48-51.
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_King George County is probably made up of rural families in agricultural

reiated wdrkrand ndnnfarm faﬁi]ies employed in foresi related industries. ({)
Some larger homes are being built-in the countyfby_commuters to jobs in

neerby.citiés. .Fredaricksburg and Quantico are bn1y 12 and 28 miles

-away respéctive1y.: These homes are being located atong the_Potomaq

River {USDA SCS 74).
“Land Use

Slightly over 62:.percent of King George County is forested. The
other 38 percent is divided between nonforest uses and water; 34 per-
cent and 4 percent respectively (table25). |

.Nonforest land uses at the time of the inventory in May, 1975 -
indicate that-10,420 hectares (25,748 acres) are used for agriculture.
This 1s approximately 22 percent of the totél county area and 65 per-
cent 6f'the3nonforest'1and © Small vi11ages roads,:highWays, powér
lines and res1dent1a1 hous1ng in the rural areas make up the bu]k of
Lhe urban 1and use, or 3 143 hectares (7 706 acres) Marsh Tand a1ong
- the Rappabannock River and 1n “the northeast part of the county nRar

Dathren amounts to 2, 481 hectares (6,131 acres)
Forests

Accordwng to the 1966 inventory of V1rg1n1a, a 1arge share of the

13-

forest Tndustry is 10cated in the coasta] p1a1n count1es -Tﬁ1s

1s because the phys1ograph15 features and the pine timber resource

are attract1ve to a var1ety of wood us1ng 1ndustr1es In 1966

thpre was orie magor sawmz?] and 6 Sﬂailer sawm1xls OP”PGﬁTﬂg in o




R

Table 25.--Arez in tTorest types,

land-use, and watér.l

Resource or Land-uss Class

Area

2

conifer
Deciduous

Forest Total
Crops

Pastura
Idle

‘Other agriculture

Urban
Marsh
Industrial waste

Nonforest Total

Water

A1l land and water

- -~Hectares- -

~ -parcent- -

12,605 26.59
17,008 35.88

29,613 62.48
4,714 9.95
3,722 7.85
1,736 3.66

248 0.52
3,143 6.63
2.481 5.23
0 0.00
16,044 33.85
1,781 3.67
47,398

100.00

Ypreas of ronforest land were measured from a cluster sample on CIR
photographs and adjusted by a regression developed from a grotund

subsample. -

2Individua1 class percentages may not add to 100 percent because of

rounding.
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K?-.: George County. Also, within a radius of 40 miles of King
George County there were 12 major sawmills, 6 particle board plants, o
and 1 veneer plant. These facilities, plus the large proportion of
farect 1:nd ir Fing Bzorce Countv makes a forestry rela? - ~---: -
attractive.

Forest area is rather evenly dispersed throughout the county.
One particularly large and contiguous forest area is located in the
Sassafras<Aura-Caroline association and the Turbeville-Kempsville
association in the northern part of the county (fig. 20).

Conifer type (pine) measured by a random-systematic twe phase
szrpling design using LANDSAT and high altitude aircraft dats Wa s
12,605 hectares (31,147 acres) table 25. Conifers are primarily

Virginia pine, Pinus Virginiana, and leblolly pine, Pinus Taeda.

Virginia pine is well known for regenerating old abandoned fields and

is generally acceptabie for pulpwood but makes poor sawtimber because of
its poor form. Loblelly is a superior species and is generally used

for planting to regenerate cutover areas and abandoned land to pine.
Surveys of the coastal plain in both 19661° and 19751 disclosed that
conifer growing stock volume is declining. This is probably caused by

a decline in conifer type area and from overcutting.

13From Virginia's Timber, 1966. US Forest Service Resource
Bulletin SE-8. By H.A. Knight and Joe P. McClure.
14Frem Forest Statistics for the Coastal Plain of Virginia 1976.

USCA Forest Service Resource Bulletin SE-34. By Noel D. Cest.




Deciduous (hardwoods) occupy 17,008 hectares (42,027 acres)
table 25. The 1975 inventory of the coastal piain showed that
hardwood volume was increasing faster than at the two previgus
surveys.14 This could be the result of an increase in the hardwood
types, a reduction in cutting, or an increase in poor quality
hardwoods.

The net cubic foot volume of wood in King George County 1is
121,223,000.15 The net cubic foot volume of conifer and deciduous wood
in the county is 56,378,000 (% 23 percent) and 64,845,000 (% 13.32
percent) respectively (table 16 and 17). It is apparent from tie toials
that despite the fact that the deciduous forest area exceeds conifer
forest area by 35 percent, the volume of deciduous wood exceeds coniferous
wood by only 15 percent. This could be reflecting differences in conifer
sites or the fact that the growing stock volume of conifer stands is
improving.

According to the latest resource inventery in 1976,14 24 percent of
all commercial forest land in King George County has a site index of 3
(sites capable of producing 85 to 120 cubic feet per acre annually). The
remainder of the commercial forest land (76 percent)} grows wood on lands
with a site index of 4 (sites capable of producing 50 to 85 cubic feet per
acre annually). These productivity figures are based upon a limited
ground sample and should not be taken to mean that there are no other
sites better or worse than index 3 and 4. Generally speaking, however,
these data support the inference that forest sites in King George County

rate fair to poor.

15Vo1-ume estimates and interpretations used here are for illustra-
tion only. Official forest statistics are reported by the Seutheastern
Forest Experiment Statien, Box 2570, Asheville, North Carolina 23802,
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Water

Water is very limited within King George County although 85 percent
of the county boundary is either in or adjacent to water--Muddy Creek
and Black Swamp on the west, the Potomac River on the north and nertheast,
and the Rappahannock River on the south. Regardless, enly 3.7 percent of
the total area in the county is water (Table 26). This amounts to 1741
hectares (4302 acres) of which 86 percent is in bodies of water less than

40 acres (16 hectares) in size.

(240 miles) in total length. These include 184 kilometers (115 miles) of
jntermittent {annual) streams and 187 kilometers (117 miles) of active
(perennial) streams up to 1/8-mile (201 meters) wide.

The distribution of surface water and waterways in King Gearge

County by their utility is as follows:

Utility Waterways (percent) “urface Watar (percent)
Navigation 14 25
Recreauion 71 19
Residential 1 9
Farm 1 21
Fisheries 10 1
Industrial 2 2
Unknown i 1 23

Roughly 40 percent of the surface water and 34 percent of the active

streams are within 100 meters (328 feet) of an access road.
Transportation

There_are two east-west primary state highways crossing the county.

State route 218 connects Fredericksburg with Dahlgren and routes 3 and




205 connects Fredericksburg with Colonial Beach, BReth routes have con-
@ “nections with north-south U.S. Highway 1 west of the Potemac and U.S.
Highway 301 east of the Potomac. Both U.S. highways connect Washington,
D.C. and Baltimore with King George County and cities to the south.
There are ne active railreads through King George County. A 30-mile
long railroad bed from Fredericksburg to Dahlgren (U.S. Naval Weapons
Laboratory) has been abandoned. The nearest raiihead is Fredericksburg

17 miles from the center of the county.
Management Alternatives

A resource wanador or tlanner in King Ganrca (humfy megq cancider a
number of alternatives for every land use decision. The best alternative,
or alternatives, for a unit of land must be a judgment based on the best

available information., Information should include the physical charac-
teristics of the area, climate, population requirements, land use
(current), land ewnership, natural resources, and transportation system.

Some land use planning alternatives for King George might include:

Alternative 1. Plan for agricultural use. In considering this alterna-

tive it sheuld be recalled that most soil in King George County lack
nutrients, are generél]y acid, and lack organic matter. Fertilizers and
other additives can be applied to increase productivity, however, the
cost may outweigh the benefits. Organic matter can be increased by plow-
ing crop residues back into the soil without great expense. The soils
are supject to sheet erosion wihere there are siopes bui gbod land manzge-
MENT prefiitan, T So0Uulouths wiid previde niios . i

tation in streams.

)
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Alternative 2. Plan for wood production (forestry). The presence of a

wood using industry in King George and neighboring counties should make

forest management economically feasible on the better lands. The original

tree growth in the county was white oak (Quercus.a]ba.L.). post oak

{Quercus stellata Wang.), scarlet oak (Quercus coccinea Muenchh), black

oak ((Quercus velutina Lam.), northern red oak (Quercus rubra L.}, hickory

(Carya sp.), and yellow poplar (Liriodendron tulipifera L.}, on moist

sites. Virginia pine and Toblolly pine were originally scattered through-
out the deciduous hardwoods. The present ferest, however, is the result
of natural and artificial regeneration of pines and less desirable decidu-

ous tree species on eld abandoned agricultural fields. These old fields

- are generally low in fertility. Site quality for tree growth for the most

part rates only poor to fair. In considering the forestry alternative,
suitability of land for wood producfion should be deleriiineu ou an individ- @ﬁi

ual basis by each soil series (USDA SCS 1974).

Alternative 3. Plan for wildlife and fish. Inland streams and small

water bodies provide habitat Tor large and small mouth bass, eastern
pickeral, pream, crappie, catfish, and carp (USDA SCS 1974). The Potomac
and Rappahémack.Rivers also offer opportunities for both fishing and hunting.
Ducks and Qeese visit‘the rivers every spring. |

- Basically a woodland area, King George County is an excellent habitat
for woodland wi1d11fé. White-tailed deer, wild turkey, and gray squirrel
reside here in good numbers. and wood ducks are found on small bodies of .
water within the wooded areas. Quail are abundant in pastures, hayfields,
and brushlana; as well as aleng wooded edges and clearings. Unfortunately,

most of the land in the county is privately owned. Unless access is



permitted to inland water and woodland areas by agreement, lease or pur-

chase, hunting and 7i:i .2 371 be resticted.

Alternative 4. Plan for recreational use. Consistent with population

recuirements, recreation should be plznrcz hzt i3 compatible with other
land uses. BDetermine if water or land units are accessible to Jocal
residents and/or to people from nearby or distant cities. An abandoned
railroad bed from Fredericksburg to Dahlgren could provide a pleasant
hiking or biking trail, if accessible. Fishing. hunting, boating, water
skiing, swimming, hiking and other outdoor recreéational pursuits are
available tc most of the vural nooulation of Wing C2orge County. However,
unless access is provided by agreements with land owners, many recreation-

al epportuniities will be unavailable to people in popuiated areas.

Alternative 5. Plan for urban develepment. Much of the prosent develop-

ment in King George CTounty is for rioidential dwellings along highways in
rural sections. Thus maior considerations in planning urban growth are
predicated ona continuation of this trend. In this respect, and in the
absence of sewage treatment facilities, Timitations of seiis Vor septic
tank systems must be fully considered.

In 1970, the entire population of 8039 was considered rural. With
the exception of sawmills and smali woedworking industries that require a

Timited labor force, the labor force in King George County is probably

[k

now sufficient to support lavoer industriec. However, the possibility of

()]

a mobile lzbor force from surrounding counties should be considered in

decisions regarding industrial development.
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Discussion

Area decision management plans (Land-Use Plans) can be designed for
any management level. The resolution of information, however, become
greater as the plan approaches the Tevel of ground implementation. In
this report we addressed the area decision management plan at the county
level. This is usually the smallest pelitical unit for implementing
federal forestry and agriculture pregrams. Furthermore, Bureau of the
Census land and water areas,'populations and other statistics are
reperted by counties and the Forest Service,.Agricuiturai Stabiitization
and Conservation Service, Soil Conservation Service, and other agencies
as well, make resource information available at the county level. With

the exception of some larger counties in western States, the county is

a manageable unit of area for planning.

Before & county mansger ciu wivagr (orutlzte or implement a plan,
he or she must assemble the best information available. These three
guestions must be addressed: (1) what information does the manager
need, (2) where can the manager find the information, and (3) what infor-
mation gathering techniqﬁes are most efficient and cost effective?

The manager's needs for information depend on the variety of
auestions and problems he must face in the course qf.day-by-day manage-
ment of land and water under his jurisdiction. Theﬁe guestions and |
problems, as well as their wepui, wiiy uepehu vh the neeas o1 the public
the manager serves. Solutions can be reached only by prIic invelvement.

Several sources of informatipn are illustrated in this report.

However, renewabie resource information is often unavailable. out of é;
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date, not detailed enough, or it is not site specific. Some managers
may have to fill their needs for renewable resource information using
available maps, satellite data, asrial photographs, and samples en the
ground.

The oricinal hvpothesis for the investigaticn reported hare was
that forest resources can be located, monitored, and inventoried by a
sampling strategy using remotely sensed and ground acquired data. We
proved this hypothesis to be correct within the limitations brought out
in the discussions of results. For example, estimates of forest area
and velume 0F wool ore Widhia accdpiudie SLapiing SOTOrS UUL Laese
errors are generally higher than for current photo interpretation
procedures. The cost of the experitienial ool L 4k also gred .
Higher sampling errers are primarily the result of the lew resclution
of LANDSAT data. The higher cost is the result of photogrammetric
precision required in LANDSAT sample overlays

The extensive quasi operational forest inventory that resultad
from this investigation provided total forest area and volume statis-
tics for the county. An independent computer classification, mapping
and analysis procedure provided a land use map delineating the conifer
and deciduous forest, nonforest and water areas. A water resource map
was made from U-2 photographs and estimates of stream tength and
surface water by size, accessibility, and utility classes were provided
using a stratified random multilevel sample on LANDSAT, U-2 photographs
and maps. Since there was No KNOWN WaTer | =50U'Ce inventory as suci,
no cost or accuracy comparisons couid be made. However, Sampling

errors were considered acceptable for most broid planning purpeses.
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A ctunty managar reeparing an area decision management plan would
find the forest resource information in this investigation less than his
needs. Non-the-less, the manager has the option of using this infor-
mation in broad planning only, or he can make a more intensive inven-
tory that will produce stand maps to a five or ten acre minimum.

Stand maps would require forest type, stand size, crown closure and
possibly broad volume classes interpreted on 1:60,000 or larger scale
CIR photographs. Satellite data would not provide this information
at present resolution 1imits.

What are the best techniques for renewable resource inventories
and stand mapping? The cost and expected accuracy of three products
using three procedures with LANDSAT, hich attitude U-? nhotooranhy,
and ASCS photegraphy are shown helow:

Inventory Data C@st] Expected
Product _Procedure _Used Hectare = Accuracy

-Dollars- -Percent-

Land-use area Photo LANDSAT 0.0032 95
classification interpretation 1:125,000
(Level I)
ASCS 0.0620 98
1:20,0006
Land-~use map : Computer LANDSAT 0.0170 80-95
(Level I & II) classification (CcT)
Forest stand map 5 Photo U-2 Photos 0.0153 80
yuelineation only)® interpretation  1:60,000

(Level II & III)

2COSt estimate based on land-use, forest tvoe, and stand classifi-
cation experience in the NASA/USFS Skylab investigation, Contract No,
T-41068,
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Cost comparisons can be dangerous because often what appears on
the surface to be a valid comparison is not. The above costs are
valid because they include comparable operational costs. There are
itlustrazions in tha literature, however, where authors claim to make
inventories of forest resources at a cost far below current eperational
costs. In reality, however, they compare inventories of forest area
and gross volumes with inventories that include net volume, mortality,
growth, tree quality, species, land ewnership and many other para-
meters that cannot be measured by remote sensing. These details are
required for local, state, regional and national assessments of the
current condition and future trends in the forest resource base.

The greatest share of the forest inventery cost is borne by
7ield samples; not area stratification made on aerial photographs or
by remote sensing. For extensive state, regional, and national
inventories fhesa ground pliot costs alope can be $0.03 to $0.05 per
acre ($0.07 to 0.12 per hectare) of total commercial forest area. The
national average total inventory cost per acre of commercial forest
land is $0.09 and for all lands the cost is $0.04 [SC.2F znd $0.08
per hectare respectively). The number of field sampies i5 usually
determined by a éombinatian of national precision standards for one-
million acres of commercial forest land and for one-billien cubic
feet of growing stock voluem; i.e. + 3 percent and + 5 percent

respéctive1y.
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APPENDIX A
Photographic Density S1icing Technique
For Water Inventory
by
Richard J. Myhre

Conventional photo interpretation of LANDSAT images, either
black and white bands or color composites, is often difficult due to
subtle d!f‘°"nnrﬁ‘ in imroe sicaature. At these very small scales,
tonal contrast or small changes in color is often the only information
available for making a decision on how to classify a given area. The
interpreter's capabilities can be increased if these fine differences

are made more obvious through some image enhancement technique. Since

most resource or land-use classes have a unique signature, pertrayed
by a density or a range of density, a method of density slicing the
image seemed promising.

The term "density slicing" is used here to mean the separation or
extraction of a given density level from all other densities existing
within an image. The use of a high contrast photographic material
(Kodalith Orthe Film) was selected as a medium for recording the density
slices. Water was selected as the resource class for the first test of
the density slicing technique because it has a density signature that
is most consistent. If this technigue proves successful, it could be
applied fo oihzr wiz.urcas such ar forvest, egriscizors, mooshlzots/

wetlands, and bare soil.
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Photegrzphic Techniques

In order to make a determination as to the LANDSAT scene best suited
for testing this technique, six scenes taken from different seasons of the
year were compared. Based en imzoe ouality, resolution, and seasonal differences,
the March 24, 1976 scene 5340-14402 band 7 was selected. Smail streams and
tributaries were more evideni on this date, possibly due to hardwood ~=7-1i-
ation.

A series of density readings were taken from the LANDSAT image com-
paring water density to gray scale values. Since the detail is very
small on the 9 X 9 inch image, the film was placed in an enlarger and
_ magnified eight times in order to create large enough targets for density
readings. A MacBeth Quanta Log densitometer was used to obtain the readings
at the base of the enlarger through a probe with a 3mm aperture. Twenty
density readings were obtained for bodizs of water 3mm and larger in size
and then compared with density values on the 15 step gray scale that
accompanies the LANDSAT image. The water readings all fell within the
value of the 15th step (highest density) on the scale. To check the
accuracy of the readings, a series of test exposures were made and evaluated.
The test exposures were compared to the original LANDSAT image to determine
the proper exposure for transferring all the water bodies from the
original scene to the density slice. These exposures confirmed the
readings showing the larger water bodies correspend to the 15th step. The
test exposures alsoc pointed out that the very small reservoirs and narrow
streams that were less than 3mm were o7 slightly less density and therefore
fell within the 14th step. Based on this information, the density slice of

water (fig.22 ) was made by contact printing the LANDSAT image (positive)
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Figu~e 22 --This density slice of water was made from Dand 7 of LANDSAT,
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onto Kodalith Ortho film and processed in Kodalith Developer. Exposure

and processing times were controlled te yield an image with the 14th and
15th steps clear and steps 1 thru 13 black (a negative image). From

this negative image a pesitive transparency can be made by contact exposing

the negative on Kodalith film or any other transparency material.
Applications of the Density Slice

The density slice of water may have a number of applications:
1. Can supplement conventional phofo 1ntérpretation |
methods such as image evaluaticn on a Zoom
Transfer Scope. The ZTS has the capebility of.
illuminating twe images simultaneously. One
image can be the density slice of water while

the other is a LANDSAT color composite in which

water may be difficult to discriminate from
marshland or wetlands.

2. Used to obtain area measurements--percentage of a
given area occupied by water.

3. Can be enlarged and scaled to an éxfsting map
for updating water information. The density
slice can be reproduced in the form of a color
overlay--5Slue voter gn & <loar 71Ty fzozistc)
background.

4. Useful for preliminary accuracy checking of automatic

. interpretation {computer classification) results.

Density slice can be scaled to computer printauts'as

a quick method of comparison.
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A; discussed by Aldrich and Greentree in a previous section of
this report (page 14), a water resource inventory was conducted by
conventional photo interpretation methods. The different approaches
to evaluating LANDSAT imagery for total area covered by water produced
answers that disagreed with one another and with the Bureau of the
Census. In order to resolve the question of which area measurements
by county units were the most reliable, and also to check the accuracy
of the density slice, a method was designed for utilizing the slice
in a practical application. 1In addition to the LANDSAT density slice,
hand-drawn maps of three counties (Lancaster, King George, and
Northumberland) were made showing all surface water. They were included
in the measurement method as a check against the other techniques. The
hand-drawn map (fig. 238 ) was prepared using NASA U-2 color infrared

photography at a scale of 1:120,000 as a base for water ground truth.
Methods and Equipment

The method used to measure the percentage of the area covered by
water for a given county comprised of a special photo composite
image used in conjunction with a Spatial Data System image enhancer
(fig. 24 ). A photogéaph is il]uminated by the light box and scanned
by a television camera. Computer circuits calculate the density
gradient, the result of this computation being an enhanced picture that
is displayed on the black and white monitor. The signal from the camera
is also processed by a color analyzer and divided into density levels
that are displayed on a color monitor in various colors controlled by

a color keyboard.
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Figure 23.--These photographic products were used to make a composite image
of a density slice to measure percent area on the Spatial Data System
image enhancer: the county shown is Lancaster County, Virginia. The
illustrations above show (A) density slice from LANDSAT imagery, (B)
hand-drawn map from U-2 photography, (C) color transparency illustrating
water, (D) county mask, (E) a sandwiched composite image of C plus D.
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Area measurements are made by utilizing special planimeter circuits
in the system. Areas in percent are read from a-digital display. Per-
cehtage readings indicate the area represented by each of the colors
(representing a density level) relative to the total area of a masked
picture.

FIGURE 23 illustrates the steps and photongraphic products in-
volved in preparing the composite image that was later analyzed for area
measurement on the image enhancer. Once the density slice was made and
the water map photographed, the next step was te produce a positive color
transparency from each of these images.

A contact coloer imaging material, "Color Key" produces by 3M Company,
- was selected to produce a color image of water (fig.23C). The coler
transparency was made by contact expesing the negative ir iges of the
density slice and water map onto the "Color Key" material with an ultra-
violet light source. The expesed color material was then processed with
a special "Color Key" developer. The resulting transparencies illustrated
all water as blue and all non-water as clear. The celor blue was selected
not only because it bast symbolizes water, but the gray tone version of this
color was important in a Tater step of this experiment.

The next step was to prepare a mask for each county (fig.B3D ), blanking
out everything outsidé of the particular county to'be.measured. The mask
was made by taking a copy of the water map (fig.238B) and blacking in the

dsed Tor oiis since it was made from the

(]

nLive county. The water mif we
official county 1ines. From the blacked-in map a negative photo image was
prepared. The positive color transparency and county mask were then sand-

wiched together to produce a final composite image (fig.23E) for evaluation
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on thé image enhanicer. A yellew sheet of "Color Key" material was
p1aced on the back of the composite image to give a light gray back-
ground (6n black and white TV monitor) to the non-water areas of the
county.

The composite image was then placed on the 1light box and the image
enhancer adjusted so that the density levels of water and nen-water were
within the limits of the analyzing system. The black masked areas (other
counties) were of such a high density that they were beyond the range
of densities that could be read by the planimeter cirduits. The yellow
background (non-water) gave one density range while the blue (water)
plus yellow (background) produced a green image for water that resulted
in a higher density range. The p]animeter circuits were adjusted to
give a 100 percent reading for the area within the county outi.ne. The
two density ranges representing the green and yellow were read independently
---the twe readings represented the percent area occupied by water and
non-water classes for a county. The sum of these two readings equalled
100 percent, or the total county area. This area reading procedure was
carried out for all three counties (King George, lLancaster, and

Northumberland) on both the density slices and ground truth maps of water.
Results of Water Inventory

The area measurément technique just described produced statistics
for surface water in three counties. These statistics are shown in
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by other inventory methods are shown for comparison. Water estimates by

'cbnventional.photo interpretation techniques in columns (5) and (6) were

obtained using LANDSAT photo data and high altitude CIR photographs in
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Table 26.--Area nf water estimated by different techniques for three counties.

_ _Dgnsity Ground truth LANDSAT
County slicing method map ith_photu) _P. 1. method Bureau of Forest
Orig. 1  Adjust. @ Orig. * Adjust. 2 Strat. Unadjust. the Survey3
county county county county random  cluster Census
3 Tine Tine _ line tine sample  sample
' (1) (2) (3) (4) (5) (6) {7) (8)
-------------------- percent « = - = ~ = = = - w0 oo m Lo n oo
S King George 7.0 7.0% 7.4 7.4% 3.7 4.5 3.8 5.3
Lancaster 31.7 12.9 37.7 20.3 30.2 31.3 10.5 12.8
Horthumber!and 16.5 12.5 23.2 18.5 11.3 15.8 14.8 17.4

1Caunty lines obtained from official county maps.

-2Coumty boundary adjusted according to Bureau of Census specificatioen for coastal water boundaries (water
other than inland water).

Forest Survey (RRE) reports Census water plus other water called land area by the Bureau of the Census.
%o adjustment required.
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two sampling strategies (pages 13-64 of this report). MWater statistics
were also obtained from the Bureau of the Census (column 7) and from
U.S. Forest Service, Renewable Resources Evaluation Unit, Asheville,
North Carolina {column 8).

When comparing the different values for water by county, a large
variation is apparent. Some of the variation is due to, (1) differences
in defining the water to be measured, (2) differences in locating county
boundaries, and (3) differences in resolution of the imagery used to
measure water. Counties that border the coastline present problems
because they usually have large river outlets, large embayments,'and
border large bodies of water such as the Chesapeake Bay. Whether to call
this water in the county, or out, is the problem.

The Bureau of Census figures (coiumn 7) for water may not include
all of the water within the county boundaries. The Bureau has
specifications for defining the limits of inland water and "water other
than inland water" when coastal areas are encountered. As a base, or
starting pdint. census water is water that falls within the Bureau's
definition of "inland water". “Inland water" is defined as ponds, Takes
or similar areas fhat are 40 acres {(16.2 hectares) or more in size, and
streams, rivers and.canais‘that are 1/8 mile (201 meters) or more in
width., Therefore, any water bodies or water-ways smaller than "inland
water" are not measured and are not included in the figurgs in column 7,
"Water othef than inTand,waﬁer“, such as the Chesapeake Bay that lies
adjacent to the States of Maryland and V1rg1n1a and falls under their
.Jur1sd1ct1on does not be]ong to any particular county, and is exclusive

of "inland water". To make the outer Timit of "“inland water" conterminous

o'y m&epﬁ%
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with the inner Timit of "water other than inland water" and Coastal water,
headlands of embayments less than 10 and more than 1 nautical mile {18.7
and more than 1.9 kilometers) in width are coennected. In this way much
of the water withir officia? county Tinzs is thrown into "water other
than inland water" and excluded from the county area. This water is
tabulated separately by States and by primary bodies of water.

Based on these measurement criteria, a large portion of the water
contained within the Lancaster and Northumberland county lines is not
included in the Bureau's water data. Figure25 shows the effect of re-
moving "water other than inland water" from the total county area. Area
measurements made Tron Lne censity 5. LeS &Rt ground truuh waps {WTillizing
Spatial Pata System) were carried out using the official county lines
(column 1 and 3). Based on the Bureau's specifications for "water other
than inland water", new masks were made for Lancaster and Nerthumberland
counties excluding this type of water. King George county was not édjusted
as all the water within that county met the definition of "inland water".
Coiumns 2 and 4 of the table show the new water estimates after the
county area had been adjusted,

Variations in measurement techniques can alsoc occur due to the
accuracy of plotting county lines that fall in rivers and at mouths of
rivers and embayments. The Bureau of Census has specific rules for
defining boundary lines where indentatiens occur along coastal areas but
these rules are subject to individual interpretations.

Resolution of the imagery (LANDSAT, U-2, etc.) used in the inventory
technique can influence the measurement results. Variatiens can eccur
dqpending on the amount of nen-census water that is resolved. LANDSAT

images will resolve water bodies 2.5 acres (1 hectare) and larger in
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Figure 25 .=-Defining county boundaries is a problem in measuring county
land and water areas. In this example, the Lancaster County line
is shown as it was on the official county map. The cross hatched
area is excluded from the county area by the Bureau of Census
specifications for “inland water" and called "water other than
inland water”. This water is inciuded in the portion of the
Chesapeake Bay assigned te Virginia.
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area and streams must be at least 50 meters (164 feet) wide to be “
resolved. On the eother hand, a U-2 photograph will resoive much more
non=-census water. Huch of the differences between the density slices
(column 1 and 2) and the U-2 maps (columns 3 and 4) are likely to
be the greater number of small water bodies resolved on the U-2 imagery.
The U-2 estimate is probably as near to ground truth as can be measured.
One major problem in water inventory techniques will be the
preblem of defining and delineating the water that is to be measured. A
set of clearly understood natienal standards for delineating water types
and boundaries is needed, Once these standards are developed and
universally understood and accepted by all agencies, data from ail sources
- can be zggregatec and used in local, regional, and naitional resource

inventories and assessments.
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APPENDIX B
Four Channel LANDSAT Radiometer

by
Robert W. Dana

Szvzral radiomstric instruments have been developed for measuring
terrzir reflectance, vagetative constituent reflectance and trans-
mittance or solar irradiance in support of satellite or aerial photo
intercretation. DeWitt and Robinson (1975) described a battery

powersd, LANDSAT-m

(1]

tched radiometer useful for simultaneous field

measurarents of tk

in

four bands. A tower-tramway system for radiance
and irrzZiance reasurements in a variety of bandwidths has been
deveiazad by Berry znd others (1977). Another field instrument using
LANZSST bznds selscisd by a filter wheel was described by Rogers and
others [1373).

.~is Appencix dascribes refinement of an aircraft rated

|

instrure=t (Dana 1373) for data acquisitien at higher rates than is
usuzily cerformed ir ground truth application. The four channel
radioreter censists of an electronic module with self contained
power scurce and an cotical sensing head employing LANDSAT matched

(or z=v one2 inen ciarster) optical filters.

Electronics Module

i

=
-

ih

ctronics module is a chassis box appreximately one-
hals cuzic-foot ir size {fig. 26 and 27 ), containing batteries,

interzaznczable arziifier boards, an A/C battery charger and a digital
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Figure 26 .--Four channel radiometer optical sensing head and electronic
module.
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Figure 27.--Four channel radiometer electronic module showing amplifer
boards on the ends with a panel meter over the battery
charger board in the center.
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panel meter. The front panel controls are for switching channels to the
meter and a battery test function. Each channel also has zeroing {or
Jow 1ight offset) and gain controls. The minimum specifications of the
instrument are:

Radiance: 2.0 x 10 SHemZsr™t

Field of view: 9.4° full angle

Radiant power on detector: 4.5 x 10-7u

Detector current: 1.2 x 10°7A

Voltage output: 3.0V

Decades of sensitivity (above minimum): 4

Zero offset: % lmv

Bc drift: 10mvHr-1

Time response (rise and fall times): 1.5 x 10~4s

(settling time: 4 x 10%s
High frequency noise (peak to peak): 5mV

A small 1.5 ampere-hour lead-acid gel cell was chosen over the
higher priced nickel cadmium batteries for a power seurce. This 24 V.
battery is easily charged overnight with the integral constant voltage
crarger and is capable of holding enough charge for four days of
operation (8.5 hours per day).

Anaiog output veltages frem the amplifiers can be monitered on a
small three and one-half digit panel meter. The multiplexed LED display
of this meter consumes only 100 mi, so that the meter can operate
hundreds of hours on Tour penlight batteries.

For maximum stability, ruggedness, and linearity, diffused junction
silicon diodes were chosen as the detectors in the system. They were

yseda in an unbiased phetovo1téic mode.
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Normally, silicon diodes used this way do not provide the high
speed response required for aircraft applications, but we were able to
achieve fast response using an FET input operational amplifier (Al in
fig. 28) in the first stage of amplification. The second stage (A2)
utilized a 741 op amp to achieve the slightly hi-her sensitivities that

might be needed in narrow bandpass or narrow field of view applications.
Optical Sensing Head

The sensing head (fig.26 )} has four 25mm, F/1.8 lenses (the type
used on closed circuit television cameras) threaded into an aluminum
plate. Behind each lens is a chamber for one inch diameter filters and
a field stop to limit the field of view. To reduce ¢ross-talk between
channels the detectors are electrically isolated. Therefore, an
opaque, non=conducting plastic plate secures the silicon diode detectors
to the rear of the lens plate. The microampere level signals- from the

detectors are carried to the electronics module in coaxial cables.
Filter Sets

Requirements for LAKDSAT-matched radiance and irradiance measure-
ments called for the acquisition of several matched sets cf Filters.
Using spectral data on the six channels of each MSS band (Nerwoed and
others 1972), we found the mean half power points to be at the following

wave. 2ngths in nanometers

LANDSAT MSS_BAND

A EI 5 1
1 494-598  604-700 693-799  808-987
2 - 497-589  606-709 695-801  805-'939

152




€4l

ALFIVOD H00d d0

S HVd TVNIOINO

53
4
1<

cUTPUR

R22

3

Figure 28 .--Schematic diagram of Four Chamnel Radiometer amplifier circuit.




We specified the bandwidths of LANDSAT 2 in a purchase of 3 gﬁ’

matched sets of interference filters for band 4, 5 and 6. Although

these cut-on and cut-off vaiues are hard to produce withi. .J nanouzier

tolerances, we used abserbing glasses to tune them, where necessary,

and cbiain the best knewn match to the LANDSAT bands (fig. 29). The

bandpass for tazng 7 is formed by an absorbing clzmzc o277 _ . in the

800 nm region and the reduction of the silicon detector sensitivity in

the 1000 nm region. For bands 4, 5, 6, and 7 the half-power points

aciieved are rospectively J07.E22, £07.700, (07-727, and 22C-597 nm.
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RELATIVE RESPONSE

1.0_| BAND 4 BAND 5 BAND 6  BAND 7

= — == _i_
500 600 700 800 900 1000

WavELeNGTH IN NANOMETERS

Figure 29.--Separately normalized spectral response curves of Four
Channel Radiemeter to match LAMDSAT II MSS bands 4, 5,
6 and 7.
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