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SPECIFICATIONS FOR UPDATING USGS LAND USE AND LAND COVER MAPS

By Valerie A, Milazzo
U.S. Geological Survey
521 National Center
Reston, Virginia 22092

ABSTRACT

To meet the increasing demands for up-to-date land use and land cover
information, a primary goal of the U.S. Geological Survey's (USGS)
national land use and land cover mapping program 1is to provide for
periodic updating of maps and data in a timely and uniform manner. The
technical specifications for updating existing USGS land use and land
cover maps that are presented here cover both the interpretive aspects of
detecting and identifying land use and land cover changes and the carto-
graphic aspects of mapping and presenting the change data in conventional
map format. They provide the map compiler with the procedures and tech-
niques necessary to then use these change data to update existing land use
and land cover maps in a manner that is both standardized and repeatable.
Included are specifications for the acquisition of remotely sensed source
materials, selection of compilation map bases, handling of data base cor-
rections, editing and quality control operations, generation of map update
products for USGS open file, and the reproduction and distribution of open
file materials., These specifications are planned to become part of the
National Mapping Division's Technical Instructions.



INTRODUCTION

Land is dynamic; its wuse and cover characteristics change with time.
Since information on current land use and land coverl/ conditions is
needed for the effective planning, managemént, and use of land resources,
maps that portray these data need to be revised periodically. In addition
to current information, data are needed on the types, amounts, and rates
of changes in land use that occur with time. In order to meet these data
needs, research has been undertaken to deyvelop a procedure for updating
land use and land cover maps and digital data on an operational basis in a
way that both produces and uses data on land use change in the updating
process. Various approaches to updating maps within the scope of the
present USGS national land use and land cover mapping program have been

evaluated (Milazzo, 1980). It is required

capability be established that (1) is timdly;

is standardized; (4) maintains an appropr
achieves an acceptable measure of accuracy;

the existing USGS land use and land cover

that an operational map update
(2) is cost-effective; (3)
iate level of information; (5)
(6) relates to and builds upon
cartographic and digital data

base; and (7) addresses the varying needs of land use and land cover data

users at national, regional, and State leve

Background

Since 1974, the U.S. Geological Survey (USQ

wide baseline mapping of land use and land
scale of 1:250,000, and at 1:100,000 scale
tions. Such scales are appropriate for ac

data on a nationwide basis within a prac

acceptable degree of standardization, acc

categorization.

vided under this mapping program consists o
(1) Land Use and Land Cover

1s.

}S) has been engaged in nation-
cover and associated data at a
for special areas and applica-
quiring land use and land cover
tical time frame, and with an
racy, and level of detail in

The land use and land cover and associated data set pro-

the following maps:

(2) Political Units

(3) Hydrologic Units

(4) Census County Subdivisions

(5) Federal Land Ownership (provided only in cooperative mapping
programs or when complete States or regions are mapped)

(6) State Land Ownership (provided only in cooperative mapping
programs when data are supplied by cooperator)

Land use and land cover data have been ma

using Level II of the classificatién syst
Professional Paper 964 (Anderson and other
map compilation specifications documented ]

(Loelkes, 1977). This provides a systema
and land cover data base which is unif
1/

For ease in reading and documentationy
hereafter be called only land use, e
in full for greater comprehension. |

2

pped from remotely sensed data
em (table 1) presented in USGS
s, 1976) and using standardized
Ky USGS Open File Report 77-555
ic and comprehensive land use
orm in categorization level and

, land use and land cover will

xcept where specifically worded




Table 1.--U.S. Geological Survey Land Use and Land Cover Classification
System for Use with Remote Sensor Data (Anderson and others,

1976).
LEVEL I

1 Urban or Built-up Land

2 Agricultural Land

3 Rangeland

4  Forest Land

5 Water

6 Wetland

7 Barren Land

8 Tundra

9 Perennial Snow or Ice

11
12
13
14

15
16
17

21
22

23
24

31
32
33

41
42
43

51
52
53
54

61
62

71
72
73
74
75

76
7

81
82
83
84
85

91
92

LEVEL II

Residential

Commercial and Services

Industrial

Transportation, Communications and
Utilities

Industrial and Commercial Complexes

Mixed Urban or Built-up Land

Other Urban or Built-up Land

Cropland and Pasture
Orchards, Groves, Vineyards,
Nurseries, and Ornamental
Horticultural Areas
Confined Feeding Operations
Other Agricultural Land

Herbaceous Rangeland
Shrub-Brushland Rangeland
Mixed Rangeland

Deciduous Forest Land
Evergreen Forest Land
Mixed Forest Land

Streams and Canals
Lakes

Reservoirs

Bays and Estuaries

Forested Wetland
Nonforested Wetlands

Dry Salt Flats

Beaches

Sandy Areas Other than Beaches

Bare Exposed Rock

Strip Mines, Quarries, and
Gravel Pits

Transitional Areas

Mixed Barren Land

Shrub and Brush Tundra
Herbaceous Tundra

Bare Ground Tundra
Wet Tundra

Mixed Tundra

Perennial Snowfields
Glaciers

3



cartographic portrayal for the entire Unitel States. The associated maps

provide selected natural or administrative

data. These allow users to

relate or extract the graphic or statistical information on land use and
land cover for the areas portrayed on the associated maps.

As part of this program, the land use and
are digitized and the information stored in

puterized Geographic Information Retrieval

is used to

(Mitchell and others, 1977)

retrieve the data.

tapes and a wide array of graphic and sta
resource managers and other decisionmakers at national,

used by planners,
regional, and State agency levels.

Purpose and Scope

This report presents the proposed specifica
land cover maps within the framework of the
and land cover mapping program, It provi

land cover and associated data
a digital data base. The com-

and Analysis System (GIRAS)
input, store, manipulate, and

The system makes possible the generation of digital

tistical products that can be

tions for updating land use and
present USGS national land use

des the map compiler with the

procedures and techniques necessary to update land use and land cover maps

in a manner that is both standardized and 1
lishes the specifications covering both ¢t

detecting and identifying valid land use ch
cedures for presenting the land use change

in accordance with the present USGS classi
the map compilation specifications in OF 77—

These specifications describe a revision p
dated by incorporating new polygon inform
approach,
use and land cover data with newer informat
the original land use and land cover map
correct.

maps will be updated in this manner. These

ed to be used for updating maps that wers

ferent set of classification standards and
tions. For such maps,

required. In cases of recompilation, the p

ilation as documented in OF 77-555 are to b

for map updating presented in this report

land cover map. Specifications for updati
provided in a separate document at such tin
for revision.

existing maps are updated by rej]

complete recompil

repeatable. This report estab-
he interpretive techniques of
Enges and the cartographic pro-
ata in conventional map format
fication system in PP 964 and
555.

rocedure in which maps are up-
ntion (change data). In this
placing only the obsolete land
ion, while retaining as much of

data as are still useable and

It is expected that the vast majority of land use and land cover

specifications are not intend-
compiled according to a dif-
(or) map compilation specifica-
ation (remapping) of data is
rocedures for initial map comp-
e followed. The specifications
apply only to the land use and
ng the associated maps will be
ne as these data are considered

This report is divided into nine major Sect
discussed: |

ions. The following topics are

(1) Selection and acquisition of remotely sensed source materials
(2) Preparation of compilation map bases

(3) Detection and identification of land use and land cover changes
(4) Compiling the land use and land cover change map

(5) Data base corrections




(6) Editing and quality control

(7) Map update product generation

(8) Preparation of map update materials for open file
(9) Reproduction and distribution of open-file materials

The specifications for map updating have been designed to augment the
classification standards and map compilation procedures already developed
and described in PP 964 and OF 77-555 and used in the baseline land use
and land cover mapping program. In some cases, essential sections from OF
77-555 have been extracted and repeated here for clarity and continuity
and to facilitate the use and understanding of these specifications by the
map compiler. In other instances, the compiler/reader is referred in the
text to the appropriate section(s) in each of those documents as needed
for other helpful information. The compiler should have copies of both
documents in addition to these specifications for reference use during
land use and land cover map updating. These specifications are intended
for use by compilers who are experienced in photointerpretation and map-
ping, and are already familiar with the procedures and specifications for
land use and land cover map compilation,

SECTION 1

"~ ACQUISITION OF REMOTELY SENSED SOURCE MATERTIALS

As in baseline land use and land cover mapping, the approach to map update
should be designed to make maximum use of remotely sensed data sources.
Present remote sensing technology offers a wide selection of sensors,
platforms and capabilities. The sources chosen for update, however,
should parallel those that have been used, or could expect to be used
satisfactorily, in the mapping of land use and land cover, since the data
requirements remain essentially the same for both,

From past experience in land use and land cover mapping, some general
guidelines have been established (OF 77-555, p.ll) for the selection of
remotely sensed source materials, These guidelines should be followed in
the map update phase if such updating is to be completed optimally. It
should be emphasized that whatever source is chosen, the new remotely
sensed source should permit the same level and class of information to be
extracted during updating as in the earlier mapping. The criteria for the
selection of photographic source material are as follows:

(1) For updating, the source material must be as current as possible,
but in no case older than 3 years at the time of map authoriza-
tion.

(2) The format of the remotely sensed data must be such that it is or
can be rectified, if necessary.

(3) The scale should be no larger than 1:60,000,

(4) The resolution should be sufficient to interpret Level II land
use and land cover categories and changes accurately and con-
sistently.

(5) Source photographs for the winter season (leaf-off condition)
should be used, if available,.



(6) There must be no snow cover (except for areas of perennial snow
or ice).
(7) The photographs should contain n¢ more than 10 percent cloud
cover,

There are several available remotely sensed sources that could be used for
map updating. The level, amount, aind accuracy of the land use and land
cover data that may be obtained from remotely sensed sources depend on the
flight altitude and resolution of the sensor and, to some extent, on the
scale of the final product. High-altitude source data (40,000 feet or
above, with scales of 1:80,000 or smaller) are recommended for the extrac-
tion of Level II land use and land cover data (Anderson and others,
1976). In keeping with this recommendation, the principal remotely sensed
source for mapping Level II land use and land cover data has been National
Aeronautics and Space Administration (NASA) high-altitude aerial photo-
graphs., Such photographs are usually black-and-white panchromatic or
color-infrared, are obtained from altitudes| of 40,000 to 60,000 feet, and
have nominal photographic scales between 1:80,000 and 1:120,000. High-
altitude photographs have been used successfully for compiling nearly all
past land use and land cover data and are rapable of meeting each of the
seven recommended guidelines for remotely sensed source selection. It is
expected that these or similar sources will|continue to be the mainstay of
future land use mapping and it is recommended that they continue to be the
primary photographic sources for map updating.

In addition to these sources, the Geological Survey is acquiring (through
contract services) high-altitude photographs under the Federal National
High-Altitude Photography (NHAP) Program. Under this program, aerial
photographic coverage for one-third of the| conterminous U.S., by 1° x 1°
areas, is targeted to be flown annually. |This would yield a repetitive
coverage cycle of 3-5 years (not taking into account any delays for ac-
quiring missed-area coverage). Under this |program, a repetitive national
photographic data base would be available, thus enabling a systematic
review and update of land use and other maps from a uniform and timely
data source. This photographic source will |also be used when available.

USGS has a computerized program that provides a graphic index showing the
extent of high-altitude photographic coverage for any 1:250,000- or
1:100,000-scale map. If coverage information is needed before authoriza-
tion of a map for updating, the National Cartographic Information Center
(NCIC) queries the EROS Data Center data base for NASA aerial photographic
coverage information to aid in authorization decisions. Two copies of the
photographic index and the printout of source information are reviewed by
NCIC for completeness and are forwarded to the National Mapping Division
Office of Program Management (OPM). This| office will coordinate these
indexes with other indexes of known photoJraphic source material such as
USGS quadrangle-centered photographs and National High-Altitude Program
(NHAP). These indexes will be reviewed to insure that sufficient photo-
graphic source material is available for map updating. If sufficient
source material appears to be available, the map sheet will be officially
authorized for revision. For areas previously authorized, a copy of the
index, corrected if required, is mailed with the printout to the approp-
riate Mapping Center by NCIC.




The Mapping Centers will then be able to order photographs for updating
from the information provided on the photographic index and the accompany-
ing printout data. Quad-centered high-altitude photographs and other
coverage to be identified by NCIC can be used to supplement this cover-~
age. Aerial photographs should be ordered in the form of positive trans-
parencies, If the Mapping Center, after ordering the photographic source
material as indicated on the photographic index and accompanying data
printout, has found the photographic source material inadequate for use in
map updating, the Mapping Center will notify the OPM of the photographic
source problem., At the same time as an additional photographic source
material search is started by the OPM, the appropriate Mapping Center
personnel should also initiate a search for additional photographic source
material within the region,

When appropriate, ancillary sources of information useful for land use map
updating should be acquired for the compiler's use before revision is
started. In general, however, no precompilation field data will be
gathered prior to updating. This is so because the provision of supple-
mental information for use in map updating would generally not be required
since many of the decisions made during initial compilation concerning the
mapping of indefinite land use boundaries and categories, which precompil-
ation and field check data are intended to resolve, would not be a problem
in the updating phase. The only precompilation and (or) field check data
available for use by the compiler during updating, if such data should be
needed, would be that already gathered in connection with the baseline

mapping.

SECTION 2

PREPARATION OF COMPILATION MAP BASES

There are two primary map bases that will be used in the updating of USGS
land use and land cover maps. These are the planimetric portions of the
USGS 1:250,000-scale topographic map and the 1:100,000 intermediate-scale
quadrangle map. Authorization will be given by the NMD Office of Program
Management concerning the map base to be used for each land use map to be
updated. It will also specify what portion of the map is to be updated if
revision is authorized for less than the full map sheet.

In the preparation of the compilation base to be used for map updating,
two maps are required--the standard topographic map base (at either
1:250,000- or 1:100,000-scale), and the open-file land use and land cover
map at either 1:250,000 or 1:100,000 scale., -These maps will be combined
to produce a composite base on which to compile the land use change data.
The topographic base will be used primarily as an aid in the proper orien-
tation and alinement of the land use features on the photograph with those
on the map; the land use map will be used for the correct placement,
delineation and coding of identified polygons of land use change with
respect to the existing polygon data.

In preparing the planimetric base, the planimetric base already on open
file will be used, If this base is no longer the most current one avail-
able, then the most up-to-date 1:250,000- or 1:100,000-scale color



separation plates containing only the planin
The ne
for the base map sheet will be obtained ang
film positive will

be used to develop the base sheet.

base. This composite
culture, drainage, and land net.
these separation plates,

No scre

In addition,
the land use and land cover map will also
film positive base,
use polygons, land use identifiers,
marginalia need not be reproduced.

Each of these two publication-scale base p
use) .will then be punch-registered (if no
punch-registered negative of each will be
(for 1:100,000-scale maps) or enlarged to
source and (or) compilation scale for 1:2
compilation-scale negatives will then be re
printed to produce a single composite scri
this composite, the planimetric base will
original; and the land use base will be ren
line, See figure 1 for proper compilatia
For proper punch-registration for 1:100,000-
"Base Preparation” instructions under Sectio

The 1:250,000-scale composite scribecoat 1
Mapping Center that has been authorized tl
stances in which a Mapping Center cannot p1
they must promptly inform the Eastern Mappii
Center will then duplicate and provide com
these base materials to the Mapping Center,
be 2 to 3 weeks after receipt of the r
Center. The 1:100,000-scale composite D
Regional Mapping Center that has been authon

SECTION 3

DETECTION AND IDENTIFICATION OF LAND U

3.1 General Explanation

Change detection is a separate and distinct
cess. It deals with the detection and idex
in land use and land cover from a comparisg

2/

Do not make a composite negative of th
and land cover map at the change compil

!

netric and hydrologic data will
gative color separation plates
1 used to make a film positive

include border information,
ens will be used with any of

the most up-to-date master negative or open-file positive of

e obtained and used to make a

This film positive bagse will include only the land
tick marks, and neatlines,

Open-file

psitives (planimetric and land
t already so) and a separate

made either at contact-scale

the appropriate Shotographic
50,000-scale maps._/ The two
gistered together and contact-
lbecoat manuscript. In making
be screened to 20 percent of
dered in solid blue- or black-
n base preparation procedure,
tscale change compilations, see
n 8.2 of this report.

vase will be prepared in the
ne map. If there are circum~
rovide the 1:250,000~scale base
ng Center. The Eastern Mapping
posite scribecoat positives of

Normally, delivery time will
quest by the Eastern Mapping
se will be prepared in the
ized the map revision,

SE AND LAND COVER CHANGES

step in the map updating pro-
ntification of temporal changes
on of remotely sensed and (or)

e planimetric base and land use

ation scale.
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map source materials of two or more time per
changes in accordance with established land
and map compilation specifications. The f
those aspects of map update that take place
ized for update, and after remotely sensed
quired and the compilation base map prepared
Section deal specifically with the procedure
ing land use and land cover changes.

3.2 Description of Basic Approach

The land use changes identified in the chang
purposes--(1) to update existing land use an
data, (2) to produce graphic and statistical
for use in change data analysis, modelin
studies, The simplest technique for derivi
the same time, updating an outdated map is
new remotely sensed source material, In 1
accomplished by incorporating the land use c
son of the o0ld land use data compilation

source material, 1In this procedure, the o
the base control against which to evaluate

Thus, continuity of compilation style is
general level of detail or generalization

method of change detection also permits a f
of the old land use compilation since every
on the map is compared with the correspondin
source. Thus, more cartographic and interp
be identified as well as any suspicious "chary

in mapping is retained.

iods, and the mapping of those

use classification standards
ollowing specifications cover
after a map has been author-
source material has been ac-
. The specifications in this
s for detecting and identify-

re detection process serve two
d land cover maps and digital

products on land use changes
g, and other land resources
ng valid change data and, at
by comparing the old map with
his approach map updating is
hanges derived from a compari-
with the new remotely sensed

riginal compilation serves as
and map all land use changes,

preserved in that the same
This
airly complete review or edit

r delineated polygon portrayed
g area on the new photographic
retation errors are likely +to
wges,"”

One limitation of an old map-to-new source
old land use compilation has to be accepte

terial comparison is that the
as being essentially correct

since there is no opportunity to see the mapped land use features as they
appeared in the old compilation source. Thus, there is no real way to
challenge the land use category interpretations or boundary delineations.
As a result, there is the possibility that errors in the original compila-
tion may either go undetected in an update, or they may be mapped as
sequential land use change when in actuality no change occurred,2 It
is believed, however, that the old map-to-new source update approach will
still provide an overall map accuracy level commensurate with the estab-
lished accuracy standards for land use mapping.

3.3 Change Detection Procedure

The procedures for land use change detect]
same for each map regardless of the geogra]
updated. Land use change detection is acec

ion specified here remain the
phic extent of the area to be
omplished by using essentially

3/

These "changes," however, when incorporated into the o0ld land use and
land cover map can serve to make the final, updated map more accurate.

10



the same viewing techniques as those used in compiling the original land
use map. Identification of land use and land cover changes can either be
accomplished by photogrammetric techniques or direct transfer of detail.
If the photogrammetric approach is taken, the procedure and equipment
selected will be the responsibility of the Center updating the map., The
change mapping scale should be determined according to the characteristics
of the photogrammetric equipment being used. The direct-detail transfer
technique may require a film viewer or hand-lens magnifier and backlighted
table to be used as interpretive aids in determining the categories of
land use and land cover change to be delineated. For the direct-detail
transfer technique the positive base transparencies for 1:250,000-scale
maps will be formatted, scaled, and composited to develop the compilation
base scribecoat at either the scale of the source material or other suit-
able compilation scale. If compilation scale differs from that of the new
photographic source, the remotely sensed source material will be brought
to compilation scale. For 1:100,000-scale maps, the remotely sensed
source materials will always be scaled to that of the compilation base
(1:100,000-scale).

Once scaling of the compilation base scribecoat or remotely sensed source
materials has been accomplished, the compilation scribecoat is super-
imposed on the new rectified and (or) scaled photograph. Using either the
base photograph or the viewing film (if any), each land use polygon delin-
eated on the base map is compared with the corresponding land use feature
appearing "under" it on the new source photograph. This review can be
accomplished in a number of ways: by a systematic scan of the photograph
beginning at one corner and proceeding east/west or north/south until the
entire photograph has been evaluated, by employing a grid template over-
lay, or by using any other arbitrary sectioning technique or system as
long as it permits complete, systematic review of the entire photograph
(or that portion not duplicated on an overlapping photograph) against each
polygon on the map base.

Land use changes are to be identified according to the same classification
level, standards, and mapping criteria (minimum size, etc.) as that used
in mapping the original land use and land cover data and as specified in
PP 964 and in OF 77-555 on pages 21-25. In mapping changes the compiler
extracts the same level and type of information as if this were a new com-
pilation., If the compiler were to map a land use feature from the new
photographic source substantially different from +he way it had been
mapped on the o0ld land use compilation, then a potential change exists.
In general, the compiler should be looking primarily for land use changes
between Level I classes (even though these changes will be identified at
their corresponding Level II categorizations): Level II category changes
within Level I classes are generally of lesser concern for the purposes of
map update,

There are three precautionary guidelines that must be emphasized and
should be kept in mind when making change assessments:

(1) The original land use map should be accepted as being correct in
terms of land use classification, boundary delineation, carto-
graphic generalization and observance of minimum mapping unit
sizes.

11 .



(2)

Land use change detection should b

¢ approached from the point of

view that it is not intended as an opportunity to disagree with

the earlier land use compilation--

land cover was mapped and what it w

(3)

the way in which land use and
as called.

Avoid laboring over observed diffenences in land use that involve

indefinite boundary and (or) indeflinite land use category areas

(more about this point later).

3.4 Categories of Land Use and Land Cover C

hange

All Level II categories of land use and land cover that can be mapped are

subject, '‘in one way or another,
use category changes such as conversions of
uses and clearing of forestland for agricu
nature,

to a change in use.

considerably more likely to occur than are others.

However, some land
cropland and pasture to urban
ltural use are, by their very
For example,

urban or built-up classes and stable land dreas such as tundra or range-
land where catalysts to change are often absent, are less likely to under-

go changes in use.

Two change possibility matrices are shown
indicates the 1likelihood of land use cha
categories, and table % identifies the
occurring for each Level II category to and
use category. Every "from-to"
evaluated on the basis of change probabil
three change possibility groups representing
sible but not probable types of land use cl
sidered to be either highly unlikely or nd
also includes those category changes that,
ing, will not be mapped.

Those land use category changes identified 1
most likely to occur are in general those ¢
purpose of map updating to identify. The

in tables 2 and 3. Table 2

ge occurring between Level I

ﬂ;kelihood of land use change

from every other Level II land

change category pair in the matrices is

ity and assigned into one of
the most likely changes, pos-
hanges, and those changes con-
t possible. The latter group
for the purpose of map updat-

n the first group as being the

changes that it is the primary

se changes represent the more

critical (and typical) conversions of land in terms of their cultural,

environmental, and economic consequences,

The second group identifies those types of
while it is possible for them to occur,

found. Such changes involve predominantly
sive categories of land use and land cover,
land use categories, to less intensive uses
"Agricultural, Forestland, Rangeland, etc
between the second group of land use cat
rarely, the compiler should be "suspicious
In such cases, if the compiler cannot acc
basis of cartographic generalization or con
piler should "flag" these polygons of di

J

land use category changes that,
"normally" are not likely to be

conversions of the more inten-
such as the Urban or Built-up
of the land as represented by

categories. Since changes
egories are to be found only
when such changes are found.

ount for these changes on the

piler judgment the update com-

fference for possible further

check wusing the original compilation source materials

(provided these

materials are still available for use) before proceeding to map these

”"

areas as valid changes, These apparent
tive of errors or omissions in the original
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The third group of land use change possibilities involves those types of
changes that will generally not be mapped during update since it is
either highly unlikely, or not possible for them to occur, or they do not
constitute valid sequential land use changes. Within this third group
are changes’ among the following Level II categories:

From

11
12
13
14
15

16
17
*3]
%32
*33
*41
*42
*43
51
52
53
54
*61
*62
et
72
*31
*82
*33
*84
*85
*9]
*92

To
16,21,22,23,24,31,%2,33,41,42,43
13,16
12,16
16
12,13,16,21,22,23,24,31,32,33,41,42,43,
51,52,53,54,61,62,75
21,22,23,24,31,32,33,41,42,43
16,21,22,24,31,%2,33,41,42,43
32,33
31,33,41,42,43
31,32,41,42,43
32,33,42,43,61,62
32,33,41,42,61,62
32,3%,41,42,61,62
52,54
51,54
51,52,54
51,52,53
31,32,33,41,42,43,61
31,3%2,33,41,42,43,61
72
T3
82,83,84,85
81,83,84,85
81,82,84,85
81,82,83,85
81,82,83,84
92
91

15



In general the compiler should consider carefully what seem to be observed
differences between the o0ld compilation and| the new photograph involving
these category pairs, and should be mostl cautious in mapping either
category or boundary changes in these cases. This must be emphasized
especially for those listed "from-to" category changes preceded by an
asterisk (%*). Apparent changes or, more appropriately, differences
observed bhetween these asterisked categories are more often attributable
to subjective differences in interpretation and boundary delineation
between the way the original compiler mapped it and what the update com-
piler sees on the new photograph, rather than reflecting true sequential

changes, Such land use categories are kno as indefinite boundary cate-
gories, An indefinite boundary category can be defined as a land use

category whose exact classification and (on) boundary delineation cannot
be definitely determined from remotely sensed sources and as such is a
matter of compiler subjectivity, and which could be delineated in any
number of ways, each one as likely to be correct as the other., It cannot
be overemphasized that in map update, differences in land use classifica-
tion and/or boundary delineation between [indefinite boundary category
pairs that are the result of individual | compiler judgment in either
category interpretation or boupndary delineagtion are not to be mapped as
sequential land use change.?/ Three common examples from among the
numerous indefinite boundary and category changes are illustrated in the
following diagram:

Aboundary boundary
\\ time 1 time 1 and 2\
\\\ A category /,43
42 \«boundary time 2 32 time 1 Ll
T boundary category
time 2 time 2
Example 1 Example 2 Example 3

There is an exception which is applicable in only rare instances. If
an update compiler is certain that much of the original mapping of an
indefinite boundary category(ies) is grossly in error (for example,
due to source material problems in the earlier mapping), it should be
brought to the attention of the appropriate personnel in the Mapping
Center to which update of the map was %uthorized. If it is estimated
that the magnitude of these mapping discrepancies is sufficient to
then

significantly alter the area statistic
map recompilation, either partial or c
partial recompilation is done, the p
identified or counted as actual (tem
graphic or statistical data but will %
the data base and recorded differ
corrections later).
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In each of these examples the so0lid lines represent the land use boundary
or category mapped in the original compilation at time 1. The broken
lines represent the land use boundary or category that the update compiler
would map at time 2 for the same areas., While it is possible for legiti-
mate changes to occur between the category pairs shown in the examples,
most often boundary and category changes involving these types of land use
situations reflect compiler subjectivity. Therefore generally avoid map-
ping such differences during updating.

3.5 Types of Land Use and Land Cover Change

There are almost 1limitless variations and complexities of 1land wuse
change. As such, it is not possible to illustrate every possible type or
configuration of change 1likely to be found. However, there are three
basic types or groups of land use change, from which all other change var-
iations derive. One involves changes at or to land use or land cover
boundaries. Another involves changes in land use categories, which may or
may not involve a change in boundary. The third group involves changes in
land use or land cover intensity, with no change in boundaries or categor-
ies. A fourth group of changes can also be considered. This group is
composed of the previous three types of change but the change is attri-
butable to factors other than those associated with true sequential
change. Examples of each of these types of changes are presented below.

@D Change in land use or land cover polygon boundary.

Time 1 T i) 1“' ‘ 76

7
Time 2 i : 4l l 6 [n
Example 1 Example 2 Example 3
(2) Change in land use or land cover polygon category.
Time 1 Hi 21
Time 2 21
A
]
Example 1 Example 2
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The identification of boundary and category changes, as illustrated in (1)
and (2) on the previous page, is fairly straightforward. However, caution
should be exercised when identifying the aneas of land use boundary and
(or) category change to insure that observed differences in the appear-
ance, or signature, of the same land use feature at two different times
are not interpreted as changes in use. Several parameters can affect the
appearance of the same feature (and the way it might be mapped) at two
different times, such as the time interval| between photographs, time of
year (season), sun angle, quality of photographs (either inherent resolu-
tion capability of the system, ground resolution, or quality imposed by
photo-processing), film/filter types, and skcale. Changes in any one of
these factors between two sets of photographs can result in misleading
change appraisals and the mapping of false c¢hange areas. This is partic-
ularly true for many non-urban land use situations, especially those in-
volving indefinite boundary categories., The interpretation of forestland
types and wetland/non-wetland areas, for example, is especially sensitive
to certain temporal factors. Differences in the time of year between two
sets of photographs can affect the ability of the compiler to identify
forest types and categories of wetland as welll as to discriminate reliably
and consistently between forest cover and florested wetland from one time
to the next. This can cause differences to loccur in both category identi-
fication and boundary placement that are not the result of valid sequen-
tial land use changes. Another area of dififficulty is often found in the
Level II Cropland and Pasture category. Here, field pattern differences
between two time periods can be noticed. his can be due to changes in
the moisture content of the soil (which in turn affects reflectivity
response), temporal/seasonal variations, crop type, stage in crop growth
calendar, intensity of cultivation, and some farming practices, such as
crop rotation and changes in field plowing directions, all of which alter
the appearance of the land uge feature but net its use category.

Finally, in addition to errors by commission, omission of valid changes
may occur, The use of photographs acquired during the peak leaf-on
season, for example, can 1limit the ability of +the update compiler to
identify changes in land use. As such, many small, isolated polygons of
change (particularly to urban or built-up land use), if immersed in a
surrounding matrix of rural land use and land cover categories, may go
undetected,

(3) Change in Land Use Intensity

In addition to changes involving land wuse categories and boundaries
between Level II categories, changes within a single Level II land use
category can occur., These are known as changes in intensity of use where
only the degree of the land use ac¢tivity  within a particular land use
polygon is changed (either increased or decreased) but not its use or
cover category. For example, intensity change is often found in residen-
tial subdivisions where housing fill-in hasg taken place between the time
of baseline land use mapping and the time|of update. Since the use or
cover category of the land is not altered (nor its boundary changed) by a
change in intensity, this type of change is not mapped for the purpose of
map updating. An example of an intensity change involving residential
land use is jllustrated in the diagram on the following page.

18




(3) Change in land use intensity.

O O O
Time 1 O o -1

. ]

ooooog
rime 2 (oooooogl-
ooooo

(4) Change in land use due to factors other than the natural process of
sequential land use change.

This group consists of two types of land use changes. The first group is
composed of those areas mapped falsely as changes due to differences in
their spectral appearance at two different times. This group has already
been discussed. The second group consists of "changes" which are really
corrections to the original map compilation. These data base corrections
can be derived from various sources, among them field checking, editing of
digital data, and user/field reviews. Corrections to the original data
will be made as needed during map updating so as to correct mapping errors
such as omissions of data, misinterpretations in either land use categori-
zation or boundary delineation, and logical or cartographic errors. Since
data base corrections do not constitute actual temporal land use changes,
they will be distinguished from these changes, both on the map and in the
statistics so as not to yield erroneous data on the extent of land use
change for a given area and time. The procedures for incorporating data
base corrections will be described more fully in Section 5 of this report.

SECTION 4

COMPILING THE LAND USE AND LAND COVER CHANGE MAP

When a difference in land use and land cover between the original map
compilation and the update photographic source is observed, the alleged
change must be evaluated prior to mapping. Each candidate polygon of land
use change must be reviewed in, terms of several land use classification
and map compilation criteriapi These considerations are listed on the
following page.

E/ This evaluation is actually an intuitive step in the change mapping
decisionmaking process and usually takes place simultaneously with
the identification of a land use change. It is mnot intended
necessarily to be performed as a separate exercise., For the purpose
of clarity and instruction, the identification and subsequent mapping
of change are discussed in this report as +two separate and
independent components of map update.
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4.1 Land Use Classification Criteria

(1)

What is the Level II category cl

assification of the land use

observed on the new photographic source?

(2)

from that shown on the map?

(3)

Does the change constitute a va

4,2 Map Compilation Criteria

Does it represent a change in Lev

el II category classification

id Level II category change
resulting from the process of seque

tial land use change?

minimum mapping unit size

attributable to mapping d4if-
concerning (a) indefinite
ographic generalization?

(1) Does the change polygon meet the
specified for the land use category?

(2) Is the observed land use change
ferences due to compiler judgment
boundary categorization or (b) cart

(3) Does the land use change represen

likely to indicate an error in, %
in category interpretation, bound
sentation) rather than an actual s
so, this may represent a data
corrections are handled different]
discussed in Section 5 of this repg

After determining that a valid sequential ch
only the area of change, as it appears on f%
is delineated on the compilation scribecoat
of land use change, adherence to the classif

t a correction to, or is it
he previous data base (either
ary delineation, or map pre-
equential land use change? If
base correction. Data Dbase
ly from other changes and are
rt.

ange in land use has occurred,

he new remote sensing source,
base. In mapping the polygons
ication categories and defini-

tions in PP 964 and to the land use &nd land cover compilation specifica-

tions in OF 77-555 is required. In additi

specifications are to be used.

4.3 Coding of Land Use and Land Cover Changg

on, the following compilation

2S

Each mapped polygon of land use change is {
"from-to" change code composed of two i
separated by a hyphen. This code identifies
gory (as mapped on the land use scribecoa
category (appearing on the remote sensing s
a change polygon coded as 21-11 would dengd
Croptand and Pasture (21) to Residential lan
is shown in the following diagram:

evel II

o be labelled by a four-digit
category identifiers
both the prior Level II cate-

t base) and the new Level II
ource material).

For example,
te a change in land use from
d use (11). A graphic example

Existing New Land Use Change
Base Map Photograph Compilation
‘ 421
2 ] 4z-|z’|:[j:|/
21 21 21-11
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A polygon of non-change which is artifically created on the change compil-
ation because it is surrounded by a polygon(s) of change would be labelled
by a duplicate Level II code. This denotes that there is no change and
the polygon is intentionally excluded from the surrounding change. Other-
wise, by leaving the polygon blank, it could be misconstrued as a change
polygon whose identifier is missing. Two examples are shown below.

2-12
I- T6-
2. |t 49-7¢ %] 76-
Example 1 Example 2

4.4 Natural Boundary Delineation

A1l of the change polygon boundaries will be delineated as they appear in
the new photographic source material., Generalize polygon boundaries only
as required (a) by map scale constraints, (b) to meet minimum area size
and width specifications, and (c) to conform to the configuration of any
adjoining land use polygons and boundaries already mapped on the original
compilation.

4,5 Minimum Mapping Unit Areas

(1) The size of the minimum mapping unit for the change polygon to
be delineated will be either 10 or 40 acres, depending upon
category classification, regardless of the final publication
scale., All Level II categories will be mapped as follows:

10 acres 40 acres
Urban or Built-up Land (11-17) Cropland and Pasture (21)
Confined Feeding Operations (23) Orchards, Groves, etc. (22)
Other Agricultural Land (24) Rangeland (31-33)
Water (52-54) Forestland (41-43)
Strip Mines, Quarries, Wetland (61,62)

Gravel Pits (75) Barren Land (71-74, 77)

Transitional (Urban) (76) Transitional (Rural) (76)

Tundra (81-85)
Perennial Snow or Ice (91,92)

(2) In mapping changes the minimum mapping unit area is determined
by the new Level II land use category and not the former use.
Thus, for example, a land use change from Cropland and Pasture
(21) to Residential (11) will be mapped if the area of the new
polygon meets or exceeds the minimum mapping’ size of 10 acres.
A change from Lakes (52) to Nonforested Wetland (62) will be
shown only if the new use meets the 40-acre minimum mapping unit
area.
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4.6 Minimum Mapping Unit Widths

(1)

(2)

4.7 Land

A1l land use change polygons mapped using a 1l0-acre minimum map-
ping unit area must have a minimum mapping unit width of 660
feet in order to be shown. This minimum width precludes the
delineation of very long tracts of land use change below 660
feet in width (even though total area may exceed the 1lO-acre
minimum). All polygons of land use change mapped using the
40-acre minimum mapping unit area will use 1,320 feet minimum
width. However, appendages and englaves from and into polygons
of those categories with a minimum width of 1,320 feet can be
shown down to a minimum width of 660 feet, providing the polygon
body still meets the original pecification of 1,320 feet.
Exceptions to this specification are all interstate and limited
access highways and all "double-line" rivers on the 1:250,000-
scale base which shall have a minimum width of 300 feet.

Again, as in minimum mapping area, minimum mapping width is
dictated by the new Level II land use category, not by the prior
use category.

Use Change Polygon and Boundary Delineation

(1)

Example 1

Example 2

Example 3

Every land use and land cover chamge will be scribed as a com-

plete polygon, that is, all bounda
of change will be mapped in their
is delineated for every change i
occurs, even when two or more co

ry lines enclosing the polygon
entirety. A separate polygon
n category and boundary that
ntiguous change polygons have

but each is derived from a different
vice |versa. The diagrams below

the same new use category,
prior use category, and
illustrate these cases.

Correct

Change

Polygon
Delineation

New
Photograph

Existing
Base Map

2\

Cd-21-n

ﬁ—zz-n

Ll

To-12—[
76-13—{_
76— —|_|

12

76 |1

-21-12
—-21< 1}

2)
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(2) Care must be exercised when mapping polygons of change to insure
that placement of change polygon boundaries is correct with
respect to the existing land use polygon on the compilation base
map. Repositioning of the base map and remote sensing source
should be made as often as necessary to maintain proper regis-
tration of like features on both the map and photographic
source. Boundaries which are common to both the new (change)
polygon and the previously mapped polygon must be scribed so as
to faithfully reproduce the existing polygon configuration.
Where the boundary between the new data being added and the old
data remaining is intended to coincide (that is, it is the
same), the old boundary should be traced on the change compila-
tion as precisely as possible with the differences in delinea-
tion being less than one scribed line width apart. This is
illustrated in the following two diagrams with the heavier lines
in each case representing the way the change polygon boundary
should or should not be delineated.

Correct - Wrong

Example 1 @' @ @

‘ggﬂ

m
Example 2 " a ‘H "

(3) Every land use change that involves a change in category pairs
is to be delineated as a separate polygon, even though the old
or new use comprises only one polygon and (or) land use category
(see illustrations below).

Existing New Change
Base Map Photograph Compilation
! .
Example 1 2 2‘ 2'/”,76-11
2pn'2:

Example 2 5’ 5—2142
W " . 21411

4.8 Cartographic Generalization

In the original land use and land cover compilation, some polygon bounda-
ries had to be generalized (that is, naturally-occurring boundaries could
not be followed) so as to meet the minimum mapping area and width
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specifications. In order to maintain the same level of mapping detail or
data generalization in change mapping as that contained in the prior map-
ping, a certain amount of cartographic generalization is required in
delineating the boundaries of new, or change, polygons. In addition to
observing minimum mapping unit sizes in mapping new land use polygons,
minimum sizes must be maintained with regard to the existing polygons on
the base as well. This is necessary because each time a land use and land
cover map is updated, more land use and 1apd cover information, and thus
more detail, is added as portions of previously mapped polygons are sub-
divided into smaller polygons of other land use and land cover data.
(Entire polygons infrequently are converted to another use(s) with origi-
nal boundaries unchanged.) As a result, fragmentation of prior land use
and land cover polygons occurs which in some instances causes them to fall
below the specified minimum mapping areas and widths. Thus, polygon gen-
eralizations that deviate from the natural boundary portrayal of land use
and land cover change polygons must be made| to eliminate the occurrence of
below-minimum-size polygons and "slivers" not only with respect to the new
data being mapped, but also in relation to the previously compiled and
remaining "background" polygons. :

Cartographic generalization is to be applied only to the mapping of the
new land use and land cover data, not to the previously compiled poly-
gons, This means that only the new polygons of land use and land cover
change will be generalized where needed, to maintain mapping specifica-
tions. No change in previously mapped land use and land cover boundaries
that are not involved in a change will be made to achieve the required
level of map generalization on the change compilation.

Minimum mapping sizes must be maintained for land wuse change polygon
delineations in four mapping situations., These involve:

(1) the change polygon itself;

(2) the change polygon with respect to|other new change polygons;

(3) the change polygon with respect to existing land use polygons on
the base involved in change;

(4) the change polygon with respect to existing land use polygons on
the base not involved in change.

In each of these situations, the appropriate minimum areas and widths must
be observed in accordance with the Level II land use and land cover cate-

gory involved.
from each of these situations are given in
tive of those most likely to be encounter
piler the correct mapping procedure for the

4.9 Edge Joins

Several types of land use

and land cover changes drawn
figure 2., They are representa-
ed and illustrate for the com-
delineation of change polygons.

The purpose of an edge join between adjacent maps is to insure that every

land use change polygon extending from one
change category identifier and that its bg
During update, edge joins will be requirg
following guidelines will be used.
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1. All polygons equal tc or above
minimum mapping unit sizes.

2. All old polygons (remaining after
change) below min. mpg. unit sizes.

Existing New Change Existing New Change
Land Use Change Base Map Photo Map Base Map Photo Map
Whole polygon to "
single category w'. - i‘;‘ Not applicable
- a -
Whole polygon to [0 _]20a 204 "
multiple category — 2a. 20a.
Multiple whole polygons - 161 "
to single category
40a (0a. 5o0a 4o0a w0a
2Cc 4. ica.
Multiple whole polygons | 76. [ ] 30a ,7‘~u "
to multiple category 4 [78Ti2] 10a | [sr76] |-76-12
48 a¢ 204, 20 4. 2¢a. ICa.
Partial polygon to F . zs--
single category 2 i W] o= il I “ [ ]-2-n
bo e 0 e. 20 a. 4pa. 28a. 15a. 1Sa.
Partial polygon to r4| ‘I I I_LLT‘“- 'H'"El—__i‘“- e o
multiple category # -2 l 4 ] 21 IZ‘ T1]oe. F"Z' r'l-w-u
90 a. q0a. 40a. 40 a. J0 4. 40 a- 2 10e.
Multiple partial polygons oa. 509 wa.|  i-n S0a. (| [GT)2sa. &F [asp] o1 (200
tc single category H soa. ve Cija -2 12y | uoa. i1 1y 20a. 15 u:; ] .zzg;b‘l
N .
. ‘+I~76 76-12 [L I ica.
Multiple partial polygons W |76 "ﬁﬁ e P oe. W |76 el 12 30| [wie[7e-iz] e
to multiple category 0 oe.[ T ]-76-1} 7 76 wi-n| |-76-11
£da_boa. 8 153 H-11-"75a. 304 SO G- Qo 3. ina. 3Ca. _10a.

3. All new (change) polygons below
minimum mapping unit sizes.

4. Some polygons (old and/or new)
below minimum mapping unit sizes.

Existing New Change Existing New Change

Land Use Change Base Map Photo Map Base Map Photo Map
Whole polygon to No

h
single category — e Eaﬁgi‘sﬁ Not applicable
Whole polygon to ' 21 qzaa. "
multiple category l% ] 16 _|wa. "
a.

Multiple whole polygons " "
to single category

108. 15a. 25 a.
Multiple whole polygons [L“ Fq ll;‘lL il |5&- " "
to multiple category 22 [iz)5¢e-

boa. loa. 20 a.
Partial polygon to I 26 BEJ"l " . 2"*'@

. w12 L]l 254,

1 [ii]15a. 2-H1
single category 5a 104 Sa. 4oa. Z5a. 15a.
Partial polygon to YR PP e P I " 42 |woa. [Rf3TE 0 | |OET
multiple category ’ 76] 10a- y2( ) [wa 2 |-g2-0

4o a. 21 104 21 a. t0a.

Multiple partial polygons 504 41 | 4S3-isa. " 47 |wa [2[5] [ _Lﬁ}})
to single category WIPTRES 2, |40 a. 2 Loa-m 49| 2 " “°“;H a] |gian
(1ca.)
»T 2 - 4244 (300

Multiple partial polygons t_jsa. " m s [ Tewoa 424

H e %4 FElZTr)use 21 227] -21-12
to m“ltiple category cd_Lia z;‘-. m Soa . il e Ldl Jl-lﬂ(‘vzen“)')

Definitions:

Boundary generalization:

01d use polygon:
Change polygon: -

New use polygon: [Ji_] @

Existing

New
Source

B2
45a.

New

-5
=

|
[E %m
Toa wa 55a-
-l0a. 10a.
, }._’ 0¥
21 76 PA 776
3a.

*

Exceptions to minimum mzpping size rule:

of land use and land cover change polygons.

Figure 2.--Correct mapping procedures for various types
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(1) No edge join required--

a. Between an updated land use an% land cover map and adjoining
non-updated maps where dates of remote sensing source mater-
ials are 3 years or more apart.

b. Between adjoining updated land|use and land cover maps where
dates of update remote sensing source materials are 3 years
or more apart,

c. Between updated and non-updated portions of the same land
use and land cover map (if entire map is not authorized for
revision) when age differences|between remote sensing source
materials is greater than 3 years.

(2) Edge join required--

a. Between an updated land use and land cover map and adjoining
non-updated maps where dates of remote sensing source
materials are less than 3 years apart.

b. Between adjoining updated land use and land cover maps where
dates of update remote sensing source materials are less
than 3 years apart.

C. Between updated and non-updated portions of the same land

use and land cover maps (if en
revision) when age differences
materials are less than 3 year

In each situation where a join is required,
insure that the Jjoin has been
The updated map will always be made to join

bility of the Mapping Center personnel to
made before editing the map.
to the surrounding maps or data except as
more Mapping Centers are updating adjacent
time, the Mapping Center which first comple
4-inch map edge strip as the required data
Center updating the adjoining map or maps.

4.10 Line Weights and Type Styles

To obtain uniformity for compilation of
polygons will be scribed and the following
publication scales of 1:250,000 or 1:100,00
should be proportionally enlarged or reduced
scale other than publication scale.

(1)
(2)

The category identifiers for land use and
be hand-scribed or a number template may be
cient identifiers in the larger polygons to

change polygon boundaries ..eeeeess
change polygon identifiers ........
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but not to clutter the map with identifiers. Identifiers should be placed
centrally in simple polygons and used only as necessary for clarity in
identifying polygons with complicated configurations. Change polygons too
small to hold a number should have the number placed in close proximity
with a leader line pointing to, but not touching, the polygon boundary.
Leader lines should not be closer than 0.015" to the polygon boundary.
A1l number identifiers should be positioned parallel to the southern geo-
graphic latitude projection line of the map. If numbers must be placed
diagonally, they should read from left to right regardless of the angle.
If numbers must be placed vertically and parallel to the meridian, the
number will proceed from south to north and be read from the east side of
the map. The numbers should be sized according to the size of the polygon
being numbered. TIdentifiers will have a minimum height of 0.05 inch and
an optimum height of 0.10 inch. 1In no case should the number exceed 0.25
inch in height at publication scale. Numbers must be clear and legible.

SECTION 5

DATA BASE CORRECTIONS

5.1 General Explanation

A data base correction is a change made to the original land use and land
cover data that corrects an earlier mapping error in the compilation. Data
base corrections can involve a category classification, a boundary deline-
ation, an addition of data omitted, or a deletion of data mapped. It does
not reflect or constitute a temporal change in land use and land cover as
a result of sequential land conversion.

5.2 Guidelines

It is the general recommendation that for the purpose of change and update
mapping, decisions to undertake major or, in some cases, even minor cor-
rections to the data base should be made cautiously, and then only where
it is considered absolutely necessary or required so as to "significantly"”
improve the quality of the map product or %to bring the accuracy of the
land use and land cover data up to an acceptable level, which is defined
in PP 964 as 85 percent. This recommendation is based on the following
considerations.

(1) In most cases, the accuracy of the existing land use and land
cover map already meets or exceeds the recommended accuracy
standard (85 percent) and any further corrections to the data
base would not substantially improve map quality. Although not
every land use and land cover map has been evaluated for accu-
racy, it has been found generally that among those tested (which
were chosen as representing a greater number of maps having
similar regional land use features and patterns) a given land use
and land cover map achieves an 85 percent or better accuracy in
category interpretation and boundary delineation at a 90-percent

27



(2)

level of confidence.
accuracy level for land use and 1
PP 964. Thus,

This meets or exceeds

the recommended
and cover mapping specified in

mapping errors pregsent in the original compila-

tion are considered to fall within the 15 percent range of

accepted error and, if they remain
not lower the accuracy 1level of
Given the relatively small number

uncorrected in an update will
the compilation further.é
of the total land use and land

cover polygons that will be affected by the updating process, it
is expected that the same level of accuracy will be maintained

in the updated map product as well

The original remote sensing source

data used in the initial mapping w
data base corrections. In many
no longer available or would be u
a land use and land cover interpn
not based solely on the informati
sensed source material but also

field check notes and photographs,

instances,

and other auxiliary maps and
rould be required input for all
this information is
nduly costly to obtain. Often
etation or mapping decision is
on garnered from the remotely
on supplemental data such as
precompilation data, existing

land use maps, and cooperator reviews. The ability to make
corrections to the data base depehds on the availability of all
these source materials used in compiling the original land use
and land cover map. Because of the time and expense involved in
re-acquiring the compilation source materials in those instances
where it is no longer readily available, corrections should be
considered very carefully and any potential benefits measured
against the expenditures involved.
(3) Many data base corrections more often than not will change land
use and land cover data that are not really in error, but rather
reflect subjective mapping differdnces. Land use and land cover
interpretation and mapping from remotely sensed sources is not
an exact science. Rather, it often requires the interpreter/
cartographer to make many subjective decisions concerning land
use and land cover category interpretations and boundary
delineations. For many of these situations, no completely
correct decision is possible or any number of decisions could be
considered equally correct. As such there can occur many "gray"
areas that reflect compiler judgment and style. There are three
such situations in land use and land cover mapping. These
involve:

It has generally been the practice that if during baseline land use
and land cover mapping, the compilation is found to contain a number
of problem areas that would result in|a map product having an unac-
ceptable accuracy level, the map compilation is either cancelled, or
suspended to await clarification o field checking to resolve
specific mapping problems.
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a. Indefinite category interpretations--those polygons of land
use and land cover whose boundaries can be determined ac-
curately from remote sensing sources but whose categoriza-
tions are often confused with one another in the absence of
supplementary information. Examples occur between Level II
categories 11 and 16, 12 and 13, and 13 and 14.

b. Indefinite boundary delineations--those categories of land
use and land cover in which the boundaries between them are
subjective and cannot be delineated with +total accuracy
without supplemental information, Depending on the quality
of the remote sensing source materials used, these include
boundaries between such categories as: 41, 42, and 43; 31,
32, and 33; 61 and 62; 41 and 61; 42 and 32; and others
listed with an asterisk (*) in Section 3, part 3.4 of this
report, In addition there is some overlap between indefi-
nite category and boundary areas in that a polygon having an
indefinite boundary placement may have an indefinite cate-
gory identification as well.

¢. Compiler mapping style--those polygons of land use and land
cover whose boundary configuration is a matter of individual
cartographic style and reflects the compiler's personal pre-
ference or Jjudgment in presenting the data. This involves
delineations of polygon boundary 1lines as either curved or
straight, rounded or angular, smooth or jagged, 1loosely
generalized to include dissimilar data or tightly general-
ized to exclude dissimilar data, etc.

In each of these three polygon category and boundary situations, the
mapping of changes and (or) data base corrections generally is to be
avoided since such changes most often reflect differences in Jjudgment and
style between compilers rather than actual changes or mapping errors.

5.3 Sources of Data Base Corrections

Corrections to the land use and land cover data base (original com-
pilation) can be derived from six sources. They are:

(1) Arc to polygon (ATP) editing of the digital land use and land
cover tape.

(2) Post-compilation/post-open-file field check.

(3) Public (user) response.

(4) Cooperator/field review.

(5) Known problems or errors noted at the time of compilation (con-
tained in compilation history).

(6) Those errors discovered in the course of map updating.

All papers, corrections, notes, review maps and other pertinent informa-
tion on which errors, questions, or comments are noted concerning the
original land use and land cover compilation, should be provided to the
compiler at the time of updating so that the necessary '‘corrections can be
made to the data base.
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5.4 Types of Data Base Corrections

Even though it is recommended as a genergal rule that data base cor-
rections arising from the change mapping process be avoided where pos-
sible, there are some cases nonetheless where they are not only justifi-
able but desirable to make. Data base corrections involve two types of
errors which are listed below together with their commonly associated

forms:

(1)

(2)

Cartographic errors

a. Illegible identifiers
b. Missing identifiers
¢c. Missing boundaries

d. Adjoining polygons with the saie identifier
e, Boundaries between like polygons

f. DPolygons mapped that are below minimum mapping unit size
g. DPolygons omitted that are of minimum size or greater

Interpretation errors

a. Boundary delineation errors
b. Category identification or classification errors

5.5 Identification of Data Base Corrections

The recommended procedures to be followed during change mapping for
identifying corrections to the original land use and land cover data base
are as follows:

Step (1)

Step (2)

Step (3)

The compiler should note all polygons of suspicious category or
boundary change as items fdar further check. This should be done
in the same way as polygons for field check were noted on the
original compilation. These polygons can be identified on the
change compilation scribecoat by marginal notation "DBC" with
a leader line drawn to the polygon in question. An entry should
also be made on the compiler prohlem list describing the nature
of the change or data base correction thought to be needed.

These correction calls are to be forwarded with the land use
change compilation and all other required materials to the
change map editor at the end of change mapping. Each "DBC" item
noted will be reviewed by the editor and as many as possible
will be resolved in accordance with the guidelines for data base
corrections described previously. Those correction calls that
remain or any that are added during editing will be forwarded to
the appropriate personnel at the tiime of quality control.

Each remaining "DBC" call will be reviewed in quality control.
If it cannot be resolved or the number and type of corrections
are considered sufficient to affect significantly the accuracy
of the map, then:
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Step (4) The appropriate Mapping Center personnel will submit a request
for acquisition of compilation remote sensing source materials
and any other data used in the initial land use and land cover
mapping (for those maps for which the original compilation
source materials are not already on hand). The errors noted
will then be compared with the compilation source materials to
verify the need for data base correction,

Step (5) If the data base corrections are minor and can easily be cor-
rected during updating, the change compilation together with the
appropriate original source materials will be returned to the
compiler at the end of quality control for correction of those
polygons so indicated. The compiler will then follow the speci-
fications in this report covering the mapping of data base
corrections.

Step (6) If the data base corrections are major or extensive, then par-
tial or complete recompilation of those portions of the map in
error may be authorized. In cases of recompilation, mapping
will be conducted on the change compilation scribecoat according
to the specifications used for initial land use and land cover
mapping (OF 77-555) and the specifications described in the
following Section.

5.6 Mapping of Data Base Corrections

Once a data base correction is identified and verified, only that part of
the o0ld, incorrect polygon is mapped on the change compilation scribe-
coat. Data base corrections are to be scribed as complete polygons using
the same mapping procedures as those specified in Section 4 for the com-
pilation of land use and land cover changes. There are two types of data
base correction polygons to be mapped:

(1) Those polygons involving a data base correction only; and
(2) Those polygons that involve both data base corrections and
temporal land use changes.

In order to distinguish data base corrections from polygons of temporal
change on the change compilation, and also for later digitizing, polygons
of data base correction will be coded differently from other changes as
follows:

(1) For polygons only correcting the data base, use two Level II
category identifiers, separated by a hyphen, with an asterisk
after the first two digits. For example, a polygon coded as
12%-24 would read:

12 = land use and land cover polygon mapped on original
(baseline) compilation as Commercial and Services
category.

* = gignals that preceding Level II category (12) is in
error,

24 = the correct and current land use and land cover cate-

gory for the polygon mapped in the original compila-
tion is Other Agricultural Land (24).
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(2) In rare cases, a temporal change polygon may also be involved in
a data base correction. Such cases usually cannot be ident-
ified but there are a few exceptions. For example, a polygon was
mapped on the original compilation as category 12, Commercial and
Services. A user review or field check indicates that it actually
was Category 24, Other Agricultural Land. The new update remote
sensing source shows the polygon as being Residential, category
11. If the data base correction was not made, the change polygon
would be mapped and identified as 12-11 at the time of update.
If the data base correction is made, however, and the land use
change also noted, the polygon would be coded as 12¥-24-11, which

reads:

12 = land use and land cover polygon mapped on original
compilation as Commercial and Services category.

* = gignals that preceding Level II category (12) is in
error.

24 = the correct land use and land cover category for the
polygon mapped in the original compilation is Other
Agricultural Land (24).

11 = indicates that the former land use identified for that

polygon, category 24, has been changed. The new land
use is now Residential, qategory 11.

It must be re-emphasized that the original compilation remotely sensed
source material plus any additional maps, notes, precompilation photo-
graphs, and any other materials used for the baseline land use and land
cover mapping are required to verify a suspected error in the compilation
and to make the appropriate correction to| the data base, It must be
remembered that in many instances, if the quality of the remotely sensed
source material used in the update phase [is appreciably different from
that used in the baseline compilation, then it is 1likely that more data
base "corrections" will be noted. Because| of these photographic source
differences and the possible use of supplementary sources, unknown to the
update compiler, for making land use interpretation and mapping decisions
during the baseline compilation, each call| for correction during update
must be evaluated very carefully.

Polygons of data base correction will have the same line weights and
identifier type styles as those for land use and land cover change poly-
gons specified in Section 4 of this report.

SECTION 6

EDITING AND QUALITY CONTROL

6.1 General Explanation

The purpose of map editing is to prepare a final product that is free of
discernible cartographic error, consistentl in interpretation and pre-
sentation, and clear to the map user. The map editor should have an
extensive knowledge of photointerpretation and standard mapping practices,
combined with a broad knowledge of cartography.
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The editing procedure will provide a critical review of the compiled land
use and land cover changes for general conformance to established mapping
standards. The editor will inspect each change compilation for error,
data omission, clarity, legibility, compliance with specifications, and
accuracy of content and format. Each map must be reviewed to insure that
the edges have been properly joined to each adjacent map (where required)
and that explanations are complete.

If any corrections are necessary, the change compilation is to be returned
to the compiler for corrections and then returned to the editor for
additional review. If an orderly sequence of editing operations is
followed, many omissions and errors will be prevented.

In the editing phase, the land use and land cover change compilation will
be corrected and prepared for quality control, final reproduction, and for
digitizing. The responsibility for editing and quality control of all
maps rests with the compilation Mapping Center.

The following editing procedures are being used currently in the baseline

compilation of land use and land cover maps and will prove useful in
editing the change map.

6.2 Change Map Editing Procedures

The editing phase will begin with the collection of all base maps,
remotely sensed source materials, and any auxiliary information used to
compile the change data. The information on the land use change compila-
tion will be checked against the update photographic source materials.
One way to note editorial corrections is to overlay the change compilation
with a sheet of matte film. The matte film is punch-registered to the
change compilation and secured with registration pins. Next, each corner
and selected internal areas of the mylar film are marked with geographic
reference ticks. The geographic ticks must be on the mylar sheet to reg-
ister the border frame. Other methods are to make editorial comments and
corrections in pencil directly on the scribecoat compilation along the
margins or to produce a matte-film positive of the scribecoat compilation
on which editorial comments may be noted.

The editing of the change compilation will be accomplished in two steps.
The first step will be to check for mechanical and drafting errors. The
second will be to review the interpretation for correct identification of
changes., All notes or corrections to the map will be made along the
borders.

A 4- by 4-inch template can be used to focus the editor's atteniion on one
small area of the map at a time. The procedure for using the template is
as follows: The editor should mark each polygon within the area of the
template with a check mark placed on the editing overlay or scribecoat.
The purpose of marking each polygon is to insure that no polygons are
missed. With the template, begin in the corner of thegmap and, as each
4~ by 4-inch square is checked, move the template in one of the cardinal
directions., This procedure is then repeated until the entire map has been
reviewed. Again, check each 4- by 4-inch square for the following mechan-
ical or drafting errors:
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(2) Lines not connected;

(3) Numbers not legible;

(4) Areas not meeting minimum size requj
(5) Any other obvious discrepancy.

Each recognized discrepancy will have a lead

the border of the mylar overlay, scribecoat

a note will explain the error.

Once the editor has checked the map for drafting errors,

review the accuracy of the interpretation.
a competent photointerpreter. The following
the land use change compilation: viewing
original compilation remotely sensed source

or hand-lens magnifier, definitions from PP
compilation specifications from OF 7]
specifications. The editor sets up the re

and the land use change compilation manus
previously described in the compilation phasg

Editing the land use and land cover change

source material is accomplished in the following manner:

change scribecoat is positioned over the
coincidence with like features.
the viewer so that the accuracy of the 1
checked visually. The editor must be abl
photointerpretation with the classification
update specifications. Using the 4-inch
checks and marks selected polygons for c
correction codes in table 4. ,
problem areas indicated by the compiler.

Land use and land cover change polygons without numbers;

irements;

er drawn from that location to
base, or matte positive where

he or she must
Obviously, the editor must be
t items are needed for editing
z and (or) base photographs,
material (if needed), viewer
964, land use and land cover
F-555, and update mapping
motely sensed source material
cript in the same manner as
2.

polygons with the photographic
The land use
base film and brought into

The viewing film (if any) is placed in

nd use interpretation can be
to combine his knowledge of
system in PP 964 and the map
square template, the editor
rrections, using the editing

Special care must be taken to review those
If interpretation and classifi-
cation of the problem area still is undetermined after editing,

the

problem must be so noted for further clarification during quality control.

The editor has now reviewed the change
drafting and interpretation errors occur o
adjoining maps, the borders must be reviewe
extending from one map to the other has th
category. Requirements for edge joins ar
report.

compilation and noted where
the map. If there are any
to insure that- every polygon
same land use and land cover
noted in Section 4 of this

Usually, the joining requires polygon adjustment from map to map.

Some of the adjustments are due to differences in delineation of the same

change category by different compilers.
from map to map may be differing c¢ategor
area,

nother reason for adjustment
interpretations of the same

When the editor has noted the corrections that must be made for

proper join, the land use change compilation is ready to be returned to

the compiler for correction.,
editor for a final edit to insure tha
properly. The Mapping Center editor has th

The map 1is subsequently returned to an

corrections have been made
responsibility of determining

if the land use and land cover change interpretations and delineations are

accurate. When gditing is complete, an

if no further changes are

necessary, the land use change compilation is ready for quality control.
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6.3 Quality Control

All copies of maps and data, or sections thereof, submitted for quality
control should contain the following: (1) date of update source materials
(year); (2) join information (sheet name, month/year); and (3) credit
legend (along each sheet edge) - "Edited by" (name/month/year). 1In addi-
tion, the following materials should be forwarded for the quality control
check:

(1) Scribecoat manuscript of the land use and land cover change
compilation (or a matte positive);

(2) Editing notations;

(3) All source materials used during updating;

(4) Compiler problem list;

(5) Edge join strips (if required).

Table 4.--Editing correction codes (from OF 77-555).

Instructions
@ ADD SPELLING
@ ADJUST @ TIME TEST
@ CONNECT @ STRENGTHEN
@ ALIGN @ EXTEND
@ CHANGE : MOVE TO LEFT
@ CHECK : MOVE TO RIGHT
@ CLEAN/CLEAR l— RAISE
@ DELETE l_ LOWER
@ MOVE @ REVERSE
@ RESTORE VV/ AS INDICATED
REVISE

NOTES

1. Instructions shall be circled - Examples: (:) DIA (:) RR
2. Use'quotation marks to indicate words, letters, and numbers affected

by call - Examples:
"Paris" @ to "56"

3. On type calls specify the case number and whether caps or lawer case,
or both.

35



i
The quality control function is performed By designated personnel within

the regional Mapping Center, The quality control function is concerned
with the following:

(1) 1Insures uniformity of final NMD land use and land cover map
products regardless of compiling Mapping Center or method of
compilation,

(2) Determines the classification and mapping of unique regional
expressions of land use and land cover in terms of the classi-
fication system in PP 964 and the map compilation specifications
in OF 77-555.

(3) 1Insures adherence to specifications for all land use and land
cover change and update mapping completed.

SECTION 7

MAP UPDATE PRODUCT GE&ERATION

7.1 General Explanation

The land use and land cover change data that have been mapped as part of
the updating process are used (1) to update the existing land use and land
cover map, (2) to update the computerized digital file so that updated
graphics and statistics can be generated, and (3) to create a supplemental
overlay showing land use and land cover changes. This section and figure
% describe the sequence and procedures for achieving these three product
objectives,

If update of the existing land use and land cover map and the production
of a new land use map and a final map of changes are to be accomplished by
the computer, (after digitizing and merging the change data with the
existing land use data base,) then follow only the procedures outlined in
part 2 of this Section.”/ Tf the existing: land use map is to be updated
manually and a change map is to be produced by conventional map
preparation methods, then follow the specifications in all parts of this
Section,

The steps within any one of the following three parts of this Section need
not be done separately or in any particular sequence. Steps may be
combined where appropriate to do so for economy (for example, all
photographic laboratory work may be done at the same time rather than
separately).

1/ 1t is the eventual aim of this revision program to have all land use
and land cover maps updated and produced by automated cartographic
methods,
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EXISTING USGS
LAND USE PLANIMETRIC
AND BASE MAP
AN (250K, 100K)
MAP
Combine
\'2
COMPOSITE OF New
LAND USE MAP REMOTE
& PLANIMETRIC SENSING
BASE AT CHANGE SOURCE
COMPILATION SCALE MATERIAL
[ Compare
OPEN FILE
AND/OR
PUBLISHED
LAND USE
CHANGE MANUSCRIPT EXISTING
MAP MAP OF LAND USE
LAND USE & AND
LAND COVER LAND COVER
: CHANGES MAP
XISTING
DIGITAL Conbine
COMPUTER
DATA BASE
UPDATED UPDATED U
LAND USE OPEN FILE PDATED
AND AND/OR LAND USE
LAND COVER PUBLISHED AND
STATISTICS LAND USE LAND COVER
AND MAP
LAND COVER
MAP

[:j:] PRODUCT STAGE

Figure 3.--Flow diagram of sequence and procedures for updating land use and
land cover maps and digital data and for generating updated products.
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7.2 Preparation of Digitizing Copy of Land Use and Land Cover Changes

Step (1)

Step (2)

Step (3)

Step (4)

Step (5)

Step (6)

Step (7)

After the land use and land cover change compilation 1is com-

pleted (that is, through editing and quality control,

and after

all compilation corrections have heen made) make one (1) punch-

registered
scribecoat showing all polygons
change, data base corrections, and

contact film positive

of +the change compilation
of land use and 1land cover
polygon identifiers.

Bring the film positive generated in step 1 to publication

scale,
combine with plate containing nea
earlier (see Section 8,

if different from compildation scale,

part 8.2 of this report).

and fit to and
tline and tick marks prepared
Make a

composite negative and one right-reading film positive.

Attach self-adhesive labels to bot
showing (1) sheet name,
source, (3) area of update (full
example, State name, county name,
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h negative and positive copies
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sheet or " " only; for
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map data was updated, recompiled, or both.

Retain negative in compilation Mapping Center.
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If a supplemental map of land use
update of the existing land use
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to part 7.3, step (1). Otherwise,

If update of the existing land use

made by conventional cartographic
map of changes is to be prepare
otherwise, see step (7) below.
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'for digitizing.

and land cover changes and an
and land cover map are to be
go directly
go to step (6) below.

and land cover map is to be
methods and no supplemental
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