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SPECI FI CATI ONS

DEFI NI TI ONS:  ERRORS AND BLUNDERS

DEM data contain errors of three types: blunders, which are renoved
prior to entry in the data base; systematic errors, which occur in
a systemspecific or a procedure-specific pattern; and random
errors, which are of a purely random nature and are conpletely
unpredi ctabl e. Although all three types nmay be reduced i n nagni t ude
by refinenments in techni que and preci sion, they cannot be conpletely

el i m nat ed.

Bl unders

For DEM data, a blunder is a vertical error wusually of nmgjor
proportions often exceedi ng the nmaxi mum absol ute error permtted (3
sigma) for each DEM | evel (see section 2.3) and as such is easily
identifiable. Mreover, a blunder is an indication that the data
collection process has deteriorated beyond the level of sinple
systematic or random errors. Bl unders are nistakes caused by
m sreadi ng contours, transposing nuneric val ues, erroneous
correlations, or carel ess observations. Werever detected, errors

caused by bl unders must be renoved.

Systematic Errors

Systematic errors are those errors that foll ow sone fixed pattern or
rul e, are generally of constant nagnitude or sign, are i ntroduced by
procedures or systens, and are typically predictable. These types of
errors cause bias or artifacts in the final product. For DEM dat a,
typical systematic errors include: vertical elevation shifts,
either for the quadrangle as a whole or for individual |ocal areas
or profiles; fictitious features, such as phantom tops, ridges,
benches, or striations; and inproper interpretation of terrain
surfaces due to the effects of trees, buildings, and shadows.
Systematic errors can be elimnated or substantially reduced when

t he cause i s known.
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Random Errors

Random errors are those renmmining after blunders and systematic
errors have been renmoved. They result from acci dental and unknown
conbi nati ons of causes beyond the control of the observer. Random
errors are classed as normal ly distributed and are characterized by:
(1) variationin sign - positive and negative errors occurring with
equal frequency, (2) small errors occurring nore frequently than

large errors, and (3) extrenely large errors rarely occurring.

Root - Mean- Square Error

The vertical root-nmean-square error (RVBE) statistic is used to
descri be the vertical accuracy of a DEM enconpassi ng both random
and systematic errors introduced during production of the data.

The RVBE is defined as:

Z(Zi _Zt)z

n

RMVBE=

wher e Z; = i nterpol ated DEM el evation of a test point
Z; = true el evation of a test point
n = nunber of test points

For Z,, true elevation refers to the nost probable elevation,
because values are nornally taken from production map sources.
Field control or vertical aerotriangul ation control points should be
used if avail able. The RMSE derived from the above accuracy
conputation is encoded in elenment nunber 5 of record C of the DEM
Accuracy is conmputed by a conparison of |l|inear interpolated
el evations in the DEM with correspondi ng known el evati ons. Test
points should be well distributed, representative of the terrain,
and have true elevations with accuracies well wthin the DEM

accuracy criteria. Acceptabl e test points include, in order of
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preference: field control, aerotriangulated test points, spot
el evations, or points on contours from existing source maps wth
appropriate contour interval. Care should be exercised in selecting
bench mark or supplenental bench mark control points from nap
sources because many of these are on structures above the ground
(freeway right-of -ways, overpasses, railroad bridges, etc.). Wienin
doubt, don't use these points. A mininmmof 28" test points per DEM
is required to conpute the RVSE, which is conmposed of a single test
using 20 interior points and 8 edge points. Edge points are those
which are located along, at, or near the quadrangle neatlines and
are deenmed by the editor to be useful to evaluating the accuracy of
t he edge of the DEM Col |l ection of test point data and conparison of
the DEMw t h t he quadrangl e hypsography are conducted by the quality
control units within the USGS

Edge Consi st ency

Edge testing is incorporated as part of the interior RVBE test. As
indicated in section 2.1.4, a mininumof 28 test points per DEMis
requi red. Exceptions are allowed for sheets consisting primarily of
wat er or other void areas such as along international borders. In
such cases a minimum of 20 points is required to conpute the RVSE
even though the points are in close proxinity on the available I and
masses. I n the case of arc second DEM s where common points al ong
edges exi st between two DEM s, the production centers are responsi -
ble for determning the currency and relative accuracy of the
affected DEM s before naking a deternination whether to hold the
el evati ons of one DEM s comon edge in preference to the adjoining
DEM s edge or whether to nmean or feather both edges together with

common wei ghts.

Y Principals of Error Theory and Cartographic Applications, Aeronautica
Chart and Infornmation Center Technical Report No. 96, Feb. 1962, C. R
Geenwalt and M E. Shultz, St. Louis, Mssouri
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2.2 ACCURACY
A nunber of factors affect gridding processes and the accuracy of
the final DEM product.

o] All DEM s where the conpanion map (of the sanme geographic
extent) contour interval is 10 foot or less are gridded in

vertical units of feet.

0 A dependency exi sts between the scale of the source naterials
and the level of detail or grid refinenment that is possible

froma given source.

o] During the process of changing scale, fromlarge to small,
some source data may be generalized or dropped out and,
t herefore, sone features would not be avail able for formation

of , or incorporation into, a grid at that scale.

o] The process of forming a grid with regular spacing requires
the transfer of precise point or vector data to generalized
grid square corners using a process sinilar to taking a sinple
wei ght ed aver age. This process nmay alter the apparent
posi tion upon display of point or vector source data, reducing
the ability to recover positions of specific features whose

di nensions are less than the internal grid cell spacing.

o] The DEM collection process nornally consists of successive
stages of production through which errors may be cunul ati ve:
a highly accurate aerotriangul ati on solution, conpilation of
source data sets, and the final gridding process. In the case
of derivation of DEMs from digital line graphs (DLG, the
first two stages of production have their origins in the
original conpilation of the source map. If each stage of

production satisfies accuracy criteria customarily appliedto

12/ 92 2-4
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each internedi ate product, then the maxi numerror that can be
expected fromall processes nay be accunul ated as a integra
sum of all errors, such that the total error squared is the
sum of the squares of the individual errors. So that each
product in this production process may qualify to be used in
the next step of the process, production personnel nust nake
a strict accounting of accuracy for each production step
| eading to the final DEM

o] For cartographi c-source DEMdat a, accuracy i s highly dependent
on original materials. Existing quadrangles that are used as
source for hypsography and hydrography nust conform to
Nati onal Map Accuracy Standards (NVAS). Further, USGS nap
di gitizing accuracy nmust conformto Standards for Digital Line
Graphs, when DLG data are used as input to USGS gridding
al gorithnms that produce DEM s

Hori zont al Accuracy

The horizontal positions of grid posts in USGS DEM s are | ocated at
precise mathematically defined positions in UM neters or arc
seconds. These grid posts are fixed in position and can be
consi dered constants for the purpose of deternining accuracy. The
only measurabl e or perceivable errors in the DEM exi st as vertica
errors that nmay be partially attributable to horizontal error
i nherent in the source data or to errors in converting horizonta
and vertical components of the source to gridded fornat. Therefore,
to nmeasure the horizontal error within the DEM with any degree of
confidence, the vertical conponent of the feature to be neasured
nmust be clearly identified; that is, the shape of the feature to be
nmeasured must be recognizable and then the horizontal position of

that feature may be verified.
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Vertical Accuracy
Al USGS DEMs are tested and assigned a vertical RMSE. By so

doing, the USGSis able to determine that its general procedures for
collecting DEMs ensure a high level of data accuracy. Vertica
accuracy specifications for DEM data depend on the production
net hodol ogy, e.g. cartographic source, photogranmetric source, and
degree of editing. RMSE calculation is specified in section 2.1.4,

classification levels are specified in section 2.3, and production

Because of practical limtations inherent in all collection systens
there will always be sone artifacts such as benches, striations,
pat ches, or sone other anomaly that inparts sone signature of the
collection system in the data set. Sone of these artifacts,
al t hough falling within nornal DEM vertical error tol erances, can
coal esce with valid surface features. This coal escence shoul d not be
tol erated to the point where valid surfaces becone unintelligibleto

the users of the data. For exanple:

o] | sol at ed tops nust be depicted with their approxi mate size and
shape.
o] Flat trending surfaces nust be depicted as generally flat

trending wi thout confusing patterns or striations.
o] Water bodies nust be flat, be lower than the surrounding

terrain, and have shorelines clearly delineated.

Corrective actions nust be taken to minimze these artifacts; al
DEM s must be vi ewed and edited before being subnmtted to the NDCDB

For all DEMs, the grid spacing and spatial resolution results in
data intervals that span terrain discontinuities, such as benches,
tops, and drai nage. Sone features can be appropriately captured at
a given grid spacing while other, smaller features are subdued or

filtered out altogether.
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Edge Mat chi ng

Edge matching i s a process of nmatching el evati on val ues al ong comon

guadr angl e edges.

Prior to edge matching, the mgjority of in-process DEMs nay have
noti ceabl e edge breaks of approximately 1 to 3 vertical units of
resol ution (feet or neters). Under these conditions, enforcenent of
a sinple edge nmatching filter extending approximately 5 rows or
colums to both sides of the edge should produce adequate topo-
graphi c definition. I nstances of breaks in excess of 3 vertica
units of resolution require nore extensive editing. Edge natching
al ong these edges may include conventional editing procedures such
as recontouring of | ocal areas or use of area snoothing or filtering
to extend to a nmaxi num of 30 rows or colums to both sides of the

edge.

10/ 95 (Change 3) 2- 6a
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2.2. 4 Quality Control Fl ags

Information in the header of the DEM indicates the status of the

file with respect to the edge matchi ng as descri bed above. The four
status flags contain the status of the West, North, East, and South
edges of a DEM as conpared to the edges of the four adjoining DEM

files.

The possible status values for a DEM entered into the NDCDB are:

1 = edge match checked and j oi ned
Satisfies the intent of section 2.2.3 Edge Mat ching.

2 = inconpatibl e source
Thi s status val ue i ndi cates that the adjoi ning DEMi s on
a different horizontal or vertical datum and therefore
should not be matched. The datuns of the DEM are as
indicated in the type A record, Appendix 2-A,, el ements
26 and 27.

3 = edge external to project, no match required
Thi s standard does not require external project edges to
be mat ched.

4 = vertical units not conpatible, edge not joined

Normally no attenpt is made to join DEMs which are
generated in different vertical units, such as feet

versus neters.

10/ 95 (Change 3) 2-6b
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CLASSI FI CATI ON LEVELS

DEM s are classified into one of three levels of quality. There are
varyi ng nmet hods of data collection and degrees of editing avail able
for DEMdata. Cassification levels are indicated in DEMrecord A
Data failing to nmeet the elenents required for that classification
| evel (see part 3, Quality Control) are not entered into the NDCDB

and are either returned for further editing or rejected.

Level 1

Level 1 DEMs are elevation data sets in a standardized fornmat.
This level includes 7.5-minute DEMs or an equivalent that is
derived fromstereo profiling or inage correlation of National High
Al titude Photography Program National Aerial Photography Program

or equi val ent phot ographs.

A vertical RVSE of 7 neters or less is the desired accuracy
st andar d. A RVBE of 15 neters is the maxinum permtted. A
7.5-minute DEM at this level has a absolute elevation error
tol erance of 50 neters (approximtely three tinmes the 15-neter RVSE)
for blunders for any grid node when conpared to the true el evation

Any array of points in the DEM can not enconpass nore than 49
contiguous elevations in error by nore than 21 nmeters (three tines
the 7-meter RMSE). Systematic errors within the stated accuracy

standards are tolerated in |level 1 DEM s.

DEM dat a acqui red photogrametrically by using manual profiling or
i mge correlation techniques are restricted to the | evel 1 category.
DEMs with a RVMBE of from7 to 15 neters in elevation are retained

within the NDCDB and wi Il eventually be replaced by hi gher accuracy

DEMs. The DEMrecord C {appendi x_2-C), contai ns the RVBE accuracy

statistics acquired during quality control
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A 30-m nute DEM nmay be produced from level 1 or level 2 source
7.5-m nute DEM data. These DEM s are level 1 and carry a conputed
RVBE in record C. No maximum value is set for this RVSE because
nm ni mum accuracy requirenents are assuned to have been satisfied in
conjunction with the source DEM original production. These DEM s
may be replaced by level 2 DEMs acquired from 1:100,000-scale

hypsography or hydrography source naterial s.

Level 2

Level 2 DEMs are elevation data sets that have been processed or
snoot hed for consistency and edited to renove identifiable system
atic errors. DEM data derived from hypsographi c and hydrographic
data digitizing, either photogrametrically or from existing maps,
are entered into the level 2 category after reviewon a DEMediting
system An RMSE of one-half contour interval is the maximm
permtted, with no errors greater than one contour interval. The
DEM record C contains the accuracy statistics acquired during

quality control

Level 3

Level 3 DEM s are derived from DLG data by using sel ected el ements
frombot h hypsography (contours and spot el evati ons) and hydrography
(1 akes, shorelines, and drainage). |f necessary, ridge |lines and
hypsographic effects of mjor transportation features are also
included in the derivation. An RVSE of one-third of the contour
interval is the maximnumpermtted, with no errors greater than two-
thirds contour interval. The DEM record C contains the accuracy

statistics acquired during quality control

2-8
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2.4 FORVAT

The logical format for DEM data sets is |listed in appendi xes 2-A,

2-B,, and 2-C for logical record types A B, and C. The follow ng

physical structure is required for all DEMdata files for entry into
t he NDCDB:

7/ 93 (Change 1)

Data recorded in | BMstandard fi xed-bl ock fornmat on unl abel ed

9-track magnetic tape at 1,600 bpi or 6,250 bpi density.

Logi cal record size of 1,024 bytes. No nore than one | ogi cal
record type (A B, or C recorded in any 1,024-byte record.
However, nore than one 1,024 byte record is usually required
to store a single record type B. Pad | ogical record with
bl anks if necessary to fill to the end of the |ogical record.

Pad bytes 1,021-1,024 of each logical record wth blanks.
A default physical record size of 4,096 bytes; that is, 4
| ogi cal records per physical record is used to facilitate

efficient data storage.

Data witten as ANSI standard ASCI| characters.

2-9
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GEQVETRY
Profiles are the basic building blocks of DEMs and are defined as
one-di mensi onal arrays, that is, arrays of dinension mrows by 1

colum, where mis the Iength of the profile.

poi nt inside the quadrilateral representing a 7.5-m nute DEMwest of

the UTMcentral neridian. Figure 2-2 provides a sinilar exanple for

a quadrangl e east of the central neridian.

ship (xp, yp) of el evations ordered as profiles in which the spacing

of the elevations along each profile is Ay and the spaci ng between

profiles is ax. Figure 2-3,, formula 2, relates the internal array

structure to actual ground coordi nates (X y ) based on an origin

gp’ “gp

of the DEMat the | ower left corner (x ygo) and a rotation angl e,

if any, neasured from the coordiné?g proj ection system The
rotation angle of 7.5-mnute DEMs is zero if profiles are ordered
by columms (parallel to the UTMcentral neridian) or is set to 90°
if profiles are ordered by rows (i.e. this would be the case if row
ordering has been superseded by columm ordering, see record A

el ement 16 in appendix 2-A).. The rotation angle for all arc second
DEMs is always set to zero (see record A elenent 13, in appendix
2-A)., In contrast to the 7.5-nminute UTM DEM each arc second DEM
profile is conposed of the sanme nunber of el evations per profile and

the DEM array is a geographic square or rectangle. Therefore, the

2-10
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DEM extent

first data point
x,v,)

El evati on Mbdel s

UTM grid north

Example computation of UTM coordinates (xl, yl) of the first data point
in a7.5-minute DEM west of the central meridian.

The southwest corner of the 7.5-minute DEM in this exampleis at
latitude 27° 15' 00", longitude —94° 37' 30" (XSN =339117.761,

Yo = 3015001.964). The southeast corner is at latitude 27° 15' 00",
longitude —94° 30' 00" (xse =351495.041, Ve = 3014847.375).

Compute x coordinate (x,) of the first profile. Thefirst profile
is offset to the next integer multiple of 30 m east of the southwest

2 corner.
@
£
o
last data point g Xow _ 339117.761m
§ 30m 30m
% = 11303.9 (round up)
= 11304
X = 11304 (30m)
= 339120m

Compute y coordinate (yl) of thefirst data point on the first profile.
Thefirst data point is offset to the next integer multiple of 30 m
north of the intercept (yim) of thefirst profile with the southern
latitude line of the 7.5-minute quadrangle.

a) Usethe slopeintercept formulay = mx + b to compute Yine
M= (7Y, (K m%y)

= -154.589/12377.280

= -0124897

9eographic norp

b = Yoy = MXg,
= 3015001.964 - (-.0124897)(339117.761)
= 3019237.443m

UTM vy axis (Central Meridian)
|

y. = b+mx

UTM x axis

= (~-.0124897)(339120) + 3019237.443
= 3015001.936m

y. 3015001.936m

30m 30m
= 100500.06 (round up)
y. = 100501 (30m)
= 3015030m

Figure 2-1

Conputation of first data point in a 7.5-mnute digita
el evati on nodel west of the central neridian.

12/ 92
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Example computation of UTM coordinates (xl, yl) of thefirst data point
ina7.5-minute DEM east of the central meridian.

The southwest corner of the 7.5-minute DEM in this exampleis at
latitude 27° 07' 30", longitude —92° 30" 00" (xSN =549553.918m,
Yo = 3000211.052). The northwest corner is at latitude 27° 15" 00",
longitude —94° 35' 00" (an =549498.713m, y = 3014056.068m).

Compute x coordinate (xl) of thefirst profile. Thefirst profileis

offset to the next integer multiple of 30 m east of the northwest corner. "
"
X 549498.713m o <\t
= — g e
30m 30m = raplie e
=
= 18316.6 (round up) I
> Xy
= 87 L
x = 18317 (30m) first data
! point —
= 549510m (x,v)
Compute y coordinate (yl) of thefirst data point on the first profile. «— DEM extent
The first data point is offset to the next integer multiple of 30 m north Vit =
of theintercept (y, ) of thefirst profile with the western longitude b= =
line of the 7.5-minute quadrangle. ‘% g
& 3 =
~N EX 5
a) Usethe slopeintercept formulay = mx + b to computey, . = I % s
- £ 3 z| |5
mo= oy, K, X 2 g s
= 13845.016 /-55205 %
@©
g last data point
b = < “
- yszv - mezv 2
B
= 3000211.052m - [(-250.79)(549553.919)] >
= 140822838.147 =
Vi = b+mx
= 140822838.147 + [(~250.79)(549510m)]
= 3011225.247m UTM x axis
b) Computey,
Yint 3011225.247m
30m 30m
= 100374.175 (round up)
y, = 100375 (30m)
= 3011250m
Figure 2-2
Conputation of first data point in a 7.5-mnute digital
El evati on nodel east of the central neridian.
12/ 92
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Y |
I
:—» AX [<
I
I
I
A 11
%) |
£ | p
£N3 e j
=] o
>
g § = Vg
e ST e
S =202 \
Ay
(1) A
. X
xp:(|—1)Ax /q;
yp=(-11Ay Xg0 Ygo . .
g A -
n columns g

(2)

Xgp = Xgo T Xp€08® —y,sin®

Ygp = Vgo * xpsintb +ypcos¢

Figure 2-3
Ceonetry and nonencl ature of the
digital elevation nodel file.
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2.6  AREAS OF CONSTANT ELEVATI ON

Wen a DEMis generated, it may contain areas of constant el evation
derived from corresponding areas within the graphic or digital
source containing estimted or false elevations. Three types of

t hese areas may occur: void areas, suspect areas, and water bodies.

2.6.1 Void Areas
Void areas occur in the DEM as a result of interruptions to the
contours of the source graphic or DLG (eg. photoi nages overprinted
onto a topographic nap). Void areas are identified in DLG
hypsogr aphi c data by using the void area code: 020 0100. (Refer to
the Standards for Digital Line Graphs, part 3, section 3.4.3.) Each
DEM el evation post located within a void area is assigned a fal se
negative value of -32,767% The void and suspect area indicator
flag is set in record A elenment 25, whenever a void area occurs,
with a percentage cal cul ated and stored of the total nunber of grid
posts in the DEM assigned the false negative value, witten to

record A elenent 29. (Refer to section 2.6.4 bel ow.)

2.6.2 Suspect Areas

Suspect areas in the DEM result from corresponding areas on the
graphi c source that are shown as "disturbed surfaces." They are
synbol i zed by contours that have been overprinted wi th photorevised
or other surface patterns. Exanmpl es of disturbed surfaces are:
lava flows, | and slides, open pit mining, construction cut and fill,

and land fill operations.

An estimated elevation is supplied for suspect areas based on the

presuned el evation at the tine the DEM grid i s generated; however,

2 A value of -32,767 represents the smallest negative deci mal nunber that
nmay be stored in a 16-bit binary conputer word.
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2.6.3 Water

the true elevation is subject to change without notice. Wen an
el evation cannot be estinmated for a suspect area, the area is
downgraded to a void area and assigned a fal se negative val ue of

- 32, 767. (See footnote 2, preceding page.) The presence of a
suspect area is noted in record A by setting the void and suspect
area indicator flag. Gid posts falling in suspect areas are added
to the DEM grid as though they were valid elevations; they are
di stingui shable from nornal DEM grid posts only by an independent
i nspection of the graphic source. For this reason, no percentage
value is givenin r record Afor the total nunber of grid posts in the

DEM t hat are assigned an estinated val ue.

Note: Suspect areas relate only to graphic sources. Furthernore,

no comensur at e code exi sts for suspect areas in the DLG hypsogr aphy

cat egory.

Body Areas

Water body areas are naturally occurring areas of constant el eva-
tion. Cceans or estuaries at nean sea level are assigned an
el evation value of zero. Al other water bodies are assigned their

known or an estinated el evation.

Refer to section 3.1.2 for additional criteria regardi ng water body

areas, including the assignment of estinmated el evations.

2.6.4 Void and Suspect Area Fl ag

12/ 92

The void and suspect area flag in record A provides a neans to alert
the user to the occurrence of grid posts in the DEM array derived
fromvoid or suspect areas in the data source. This flag is set
when void areas occur in the graphic or digital source and when
suspect areas occur in the graphic source (suspect areas are not
encoded in DLGs). In cases where the flag is set to suspect, an

attenpt is made to populate the DEMgrid with a reliable elevation
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estimate, rather than using the fal se negative val ue described in

section 2.6.1.

2.6.5 Population of Full DEM Gid Array

2.7

12/ 92

In all cases where void areas, suspect areas, or water body areas
occur in the DEM the full DEMarray is always popul ated regardl ess
of areal extent. This requirenent includes DEMs containing |arge

expanses of oceans or | akes.

DI G TAL ELEVATI ON MODEL CAVEATS

Sone changes to the 1983 record type A format were nmandated in 1987
and additi onal changes have been nade in conjunction with publica-
tion of this revised docunent. Conpatibility of the changes with
old and new DEM software is achieved by honoring the old byte
positions and data types and entering new data into positions
previously reserved as filler or voids. Byte positions affected by
t hese changes are bytes 1-144 and bytes 865-896. Bytes 897-1, 024

remain as blank fill to the end of the type A physical record.
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DATA RECORDS

Record type A, elenment 1 has been changed to require certain
infornmation in specified byte | ocations. A new elenent, elenment 2,
record type A has been defined to record the NVD organi zation from
whi ch t he DEM was aut hori zed. The el enent counts of old record type
A, elenents 2-15, have been i ncrenmented by one to el ements 3-16 (see
appendi x 2-A). An attenpt has been made to keep the ol d and new DEM
formats conpatible; therefore, although the elenent counts have
changed, the byte positions and i nfornmation content of these fields
(ol d el enents 2-15, new el enents 3-16) renmain the same. This change
shoul d be transparent to old DEM applications progranms. The new
el ement 2, the nmapping center of DEMorigin is naned in record A,
bytes 141-144. Valid codes are MAC (Mapping Application Center),
GPM2 (specific to MAC CGestalt Photo Mapper Il auto correlator), MCMC
(Md Continent Mpping Center), RWC (Rocky Mountain Mapping
Center), WMC (Western Mapping Center) and FS (U. S. Forest Service).
Codes indicating other sources of DEMs (other government agencies
and private contractors) will be defined when required. Al so, new
data elenents 17-29 have been appended to the end of the type A

record (see appendi X 2-A).. These elenents are contained in the end
of the previously blank filled portion of the 1,024 byte record.
This change is al so transparent to existing DEM prograns. Standard
ASClI | al phanuneric values are required for all elenent fields.
Table 2-1 lists standard default record A, data el ement val ues where

appl i cabl e.

A record, elenments 26 and 27. Appendi xes 2E-2G consi st of code
definitions that are needed to interpret various data elenents in
the three records. The type A record contains information defining
t he general characteristics of the DEM i ncludi ng descri ptive header
information relating to the DEMs nanme, boundaries, wunits of

neasurenent, mininmum and naxi num data val ues, nunber of type B
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records, and projection paraneters. There is only one type Arecord
for each DEMfile, and it appears as the first record in the data
file. The type B record contains elevation data and associ ated
header information. Al type B records of the DEMfiles are made up
of data from one-di nmensi onal bands called profiles. Therefore, the
nunber of conplete profiles covering the DEMarea i s the sane as the
nunber of type B records in the DEM |In a UTM structured DEM an
occasi onal profile exists within the bounds of the DEMquadril atera
but is void of elevation grid points and is not represented in the
DEM (This is called the "missing profile condition" and occurs
occasionally as the first or |ast hypothetical profile of the DEMat
t he respecti ve DEM corner.) The type Crecord contains statistics

on the accuracy of the data in the file.

The following special conventions shall be observed for the

popul ation of data fields in the A, B, and C record el enents:

Al'l character fields nust be in upper case. Character field
of no data val ue nmust be bl ank, ASCI| space (binary 0010 0000)

Al integer or character flagged fields of no data val ue but
whi ch default to zero nmust be ASCI| zero (binary 0011 0000).

Al real (non-integer) nuneric fields shall be popul ated.

Default zero fill shall follow the follow ng convention

123456789012345678901234 (byte position, left justified)
“ . 000000000000000D+00" | Standard format specified is

“ 0.0" | D24.15. Zero values listed are
: 0. 000000000000000D+00 | common machi ne dependant numeric
“ . 000000000000000" | defaults for real zeros.
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Table 2-1

Digital elevation nodel standard record A, data elenent defaults

Type A Explanation - All values shown are standard defaults as they apply to all series DEM's. Data elements not listed (ex. elements 1-3) are not subject to
Record Data defaults.
Element
4 Pattern code = 1, indicating a regular elevation pattern.
7 Map projection fields, all 15 fields normally set to zeroes.
10 Number (n = 4) of sides in the polygon that defines the DEM file.
13 Counterclockwise angle (in radians) = 0.0, from the primary axis of ground planimetric reference system to the primary axis of the DEM local reference system.
14 Accuracy code =1, indicates that a record of accuracy, record C, exists
16 Two element array (m x n) indicating number of rows and columns of profiles. The row value is set as a constant of m = 1 indicating each profile is a one-

dimensional array. The column value n indicates the total number of data profiles in the file.

if 17 Largest contour interval. Field 17 is set to interval if more than one standard contour interval is assigned for the quadrangle. If a largest contour interval does
then 18 not exist then elements 17 and 18 are set to zero (0). (Level 2 DEM's only)

19 and Smallest contour interval. Commonly referenced as the standard contour interval, as assigned to the quadrangle map. In units of meters or feet. (Level 2

20 DEM's only)

21 Data source date. Synonymous with the original compilation source (photography) date. The date of photorevision is not used in most cases unless there are

substantial changes which would affect the content of the DEM. In the event that a DEM is composed of separate cells with different dates, the date shall be
set to that of the latest date.

22 Data inspection date. Edit system inspection date prior to data base archival.

23 Inspection and revision flag. Set to blank or inspected (I). Revision (code R) is not implemented (revision is a defacto inspection and replacement).
25 Suspect and void flag. Zero (0) indicates none. One (1) indicates possible existence of -32,767 values in DEM or suspect and void on map source.
28 Data edition. Always set to one (1) indicating first edition.
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APPENDI X 2- A
DI G TAL ELEVATI ON MODEL DATA ELEMENTS
LOG CAL RECORD TYPE A
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El evati on Mbdel s

Digital Elevation Model Data Elements Logical Record Type A

Type Physical Record Format
Data (FORTRAN ASCII Starting  Ending Comment
Element Notation) Format byte byte
1 File name ALPHA A40 1 40 The authorized digital cell name followed by a

comma, space, and the two-character State
designator(s) separated by hyphens. Abbreviations
for other countries, such as Canada and Mexico,
shall not be represented in the DEM header.

Free Format Text ALPHA A40 41 80 Free format descriptor field, contains useful informa-
tion related to digital process such as digitizing in-
strument, photo codes, slot widths, etc.

Filler 81 109 Blank fill.

SE geographic corner INTEGER*2, 2(14,12,F7.4) 110 135 SE geographic quadrangle corner ordered as.

REAL*8 X = Longitude = SDDDMM SS.SSSS

1/ 98

y = Latitude = SDDDMMSS.SSSS
(neg sign (S) right justified, no leading
zeroes, plus sign (S) implied)
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El evati on Mbdel s

Digital Elevation Model Data Elements Logical Record Type A--continued

Data
Element

Type Physical Record Format
(FORTRAN ASCII Starting  Ending Comment
Notation) Format byte byte

Process Code

1/ 98

ALPHA Al 136 136 1=Autocorrelation RESAMPLE Simple bilinear
2=Manua profile GRIDEM Simple bilinear
3=DLG/hypsography CTOG 8-direction linear
4=Interpolation from photogrammetric

system contours DCASS 4-direction linear
5=DL G/hypsography

LINETRACE, LT4X Complex linear
6=DL G/hypsography

CPS-3, ANUDEM, GRASS Complex polynomial
7=Electronic imaging (non-photogrametric),

active or passive, sensor systems.
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Digital Elevation Model Data Elements Logical Record Type A--continued

Type Physical Record Format
Data (FORTRAN ASCII Starting  Ending Comment
Element Notation) Format byte byte
1 Filler 137 137 Blank fill.
Sectional Indicator ALPHA A3 138 140 Thiscodeis specific to 30-minute DEM's.
Jdentifies 1:100,000-scal e sections. (See appendix 2+
D) ol . :
2 Origin code ALPHA A4 141 144 Free format Mapping Origin Code. Example: MAC,
WMC, MCMC, RMMC, FS, BLM, CONT (contrac-
tor), XX (state postal code).
3 DEM level code INTEGER*2 16 145 150 Code 1=-DEM-1
2=DEM-2
3=DEM-3
4=DEM-4
4 Code defining elevation INTEGER*2 16 151 156 Code 1=regular

pattern (regular or random)

10/ 95 (Change 3)

2=random, reserved for future use.
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Digital Elevation Model Data Elements Logical Record Type A--continued

Type Physical Record Format
Data (FORTRAN ASCII Starting  Ending Comment
Element Notation) Format byte byte
5 Code defining INTEGER*2 16 157 162 Code 0=Geographic
ground planimetric 1=UTM
reference system 2=State plane
For codes 3-20, see Appendix 2-G.
Code 0 represents the geographic
(latitude/longitude) system for 30-minute,
1-degree and Alaska DEM's. Code 1 represents
the current use of the UTM coordinate system for
7.5-minute DEM's
6 Code defining INTEGER*2 16 163 168 Codes for State plane and UTM coor-
zonein ground dinate zones are given in appendixes
planimetric 2-E and 2-F for 7.5-minute DEM's. Code
reference system isset to zero if element 5 isalso set to zero,

defining data as geographic.
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El evati on Mbdel s

Digital Elevation Model Data Elements Logical Record Type A--continued

Type Physical Record Format
Data (FORTRAN ASCII Starting  Ending Comment
Element Notation) Format byte byte
7 Map projection REAL*8 15D24.15 169 528 Definition of parameters for various projections
parameters (see isgivenin Appendix F. All 15 fields of this
Appendix F) element are set to zero and should be ignored
when geographic, UTM, or State plane coordinates
are coded in data element 5.
8 Code defining unit INTEGER*2 16 529 534 Code O=radians
of measure for 1=feet
ground planimetric 2=meters
coordinates through- 3=arc-seconds
out thefile Normally set to code 2 for 7.5-minute DEM's.
Always set to code 3 for 30-minute, 1-degree,
and Alaska DEMs.
9 Code defining unit INTEGER*2 16 535 540 Code 1=feet
of measure for 2=meters
elevation coordinates Normally code 2, meters, for
throughout the file 7.5-minute, 30-minute, 1-degree, and Alaska
DEM's.
10 Number (n) of sides INTEGER*2 16 541 546 Set to n=4.

in the polygon which
defines the coverage
of the DEM file

12/ 92
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El evati on Mbdel s

Digital Elevation Model Data Elements Logical Record Type A--continued

Type Physical Record Format
Data (FORTRAN ASCII Starting  Ending Comment

Element Notation) Format byte byte

11 A 4,2 array con- REAL*8 4(2D24.15) 547 738 The coordinates of the quadrangle
taining the ground corners are ordered in a clockwise
coordinates of the direction beginning with the southwest
guadrangle boundary corner. Thearray is stored as
for thehe DEM as pairs of eastings and northings

12 A two-element array REAL*8 2D24.15 739 786 The values are in the unit of measure
containing minimum given by data element 9 in this record
and maximum eleva and are the algebraic result of the method
tions for the DEM outlined in data element 6, logical record B.

13 Counterclockwise REAL*8 D24.15 787 810 Seefigure 2-3] Set to zero to align
angle (in radians) with the coordinate system specified
from the primary in element 5.
axis of ground
planimetric refer-
ence to the pri-
mary axis of the DEM
local reference system

14 Accuracy code for INTEGER*2 16 811 816 Code O0=unknown accuracy

elevations

8/ 97

1=accuracy information is given
inlogica record type C.
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Digital elevation model data elements logical record type A

Type Physical record format
Data (FORTRAN ASCII Starting  Ending Comment
element notation) format byte byte
15" A three-dlement array REAL*4 3E12.6 817 852 Only integer values are permitted for the

of DEM spatial resolution x and y resolutions. For all USGS DEMs

for x,y, z. Valuesare except the 1-degree DEM, z resolutions of

expressed in units of 1 decimal place for feet and 2 decimal places

resolution. The units of for meters are permitted. Sometypical arrays are:
measure are consi stent 30, 30, 1; and 10, 10, .1 for 7.5-minute DEM
with those indicated by 2,2,1;and 2, 2,.1 for 30-minute DEM

data elements 8 and 9 3,3, 1 for 1-degree DEM

in this record. 2,1,1;and 2,1, .1 for 7.5-minute AlaskaDEM 3,

2,1, and 3, 2, .1 for 15-minute Alaska DEM
16 A two-element array INTEGER*2 216 853 864 When the row value mis set to 1 the

containing the num- n value describes the number of

ber of rows and columnsin the DEM file.

columns (m,n) of

profilesin the DEM

Note:  Old format stops here
17 Largest primary INTEGER*2 15 865 869 Present only if two or more primary
contour interval intervals exist (level 2 DEM's only).
18 Source contour INTEGER*1 11 870 870 Corresponds to the units of the map
interval units largest primary contour interval 0=N.A.,
1=feet, 2=meters (level 2 DEM's only)

" The phrase" units of measure” makes reference to a specific measurement system that isindicated by the codedefining unit. The term “resolution” indicates that one resolution unit
isequal to either one unit, several units, or adecimal part of one unit of measure; i.e, resolutions can exist for values such as .01, .1, 1, 2, 3, and etc. It should be noted that although
both expressions are related, they can be confused with each other.
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Digital Elevation Model Data Elements Logical Record Type A--continued

Type Physical Record Format
Data (FORTRAN ASCII Starting  Ending Comment

Element Notation) Format byte byte

19 Smallest primary INTEGER*2 15 871 875 Smallest or only primary contour interval
contour interval (level 2 DEM’s only).

20 Source contour INTEGER* 1 11 876 876 Corresponds to the units of the map
interval units smallest primary contour interval.

1=feet, 2=meters. (Level 2 DEM’sonly)

21 Data source date INTEGER*2 14 877 880 “YYYY” 4 character year, e.g. 1975, 1997, 2001,
etc. Synonymous with the original compilation data
and/or the date of the photography.

22 Data inspection INTEGER*2 14 881 884 “YYYY” 4 character year. Synonymous with the

and revision date date of completion and/or the date of revision.

23 Inspection flag ALPHA*1 Al 885 885 "I" Indicates al processes of part3,

Quality Control have been performed.
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El evati on Mbdel s

Digital Elevation Model Data Elements Logical Record Type A--continued

Type Physical Record Format
Data (FORTRAN ASCII Starting  Ending Comment
Element Notation) Format byte byte
24 Datavalidation INTEGER* 1 11 886 886 0= No validation performed.

flag

10/ 95 (Change 3)

1=RMSE computed from test points (record C
added), no quantitative test, no
interactive DEM editing or review.

2=Batch process water body edit and RMSE
computed from test points.

3=Review and edit, including water edit. No
RM SE computed from test points.

4=Level 1 DEM'sreviewed and edited. Includes
water body editing. RM SE computed from
test points.

5=Level 2 and 3 DEM's reviewed and edited.
Includes water body editing and verification
or vertical integration of planimetric
categories (other than hypsography or
hydrography if authorized). RMSE
computed from test points.
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El evati on Mbdel s

Digital Elevation Model Data Elements Logical Record Type A--continued

Data
Element

Type
(FORTRAN
Notation)

Physical Record Format

ASCII
Format

Starting
byte

Ending
byte

Comment

25 Suspect and void
areaflag

26 Vertical datum

27 Horizontal datum

28 Data Edition

8/ 97

INTEGER*1

INTEGER*1

INTEGER*1

INTEGER*2

12

887

889

891

893

888

890

892

896

O=none

1=suspect areas

2=void areas

3=suspect and void areas

1=local mean sealevel
2=National Geodetic Vertical
Datum 1929 (NGVD 29)
3=North American Vertical
Datum 1988 (NAVD 88)

datum information)

1=North American Datum 1927 (NAD 27)
2=World Geodetic System 1972 (WGS 72)
3=WGS 84

4=NAD 83

5=0ld Hawaii Datum

6=Puerto Rico Datum

datum information)

01-99 Primarily aDMA specific field.
(For USGS use, set to 01)
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Digital Elevation Model Data Elements Logical Record Type A--continued

Type Physical Record Format
Data (FORTRAN ASCII Starting  Ending Comment

Element Notation) Format byte byte

29 Percent Void INTEGER*2 14 897 900 If element 25 indicates avoid, this
field (right justified) contains the
Percentage of nodesin the file set
to void (-32,767).

30 Edge Match Flag INTEGER 412 901 908 Edge match status flag. Ordered West,
North, East, and South. See section 2.2.4
for valid flags and explanation of codes.

31 Vertical Datum Shift REAL*8 F7.2 909 915 Vertical datum shift - Vaueisin the form of

SFFF.DD Vaueisthe average shift value for
the four quadrangle corners obtained from
program VERTCON. Always add thisvaueto
convert to NAVD88.

10/ 95 (Change 3)
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APPENDI X 2-B
DI G TAL ELEVATI ON MODEL DATA ELEMENTS
LOG CAL RECORD TYPE B
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Digital elevation model data elementslogical record type B

Type Physical record format
Data (FORTRAN ASCII Starting  Ending Comment
element notation) format byte byte
1 A two-element array INTEGER*2 216 1 12 Seefigure 2-3! The row and column
containing the row numbers may range from 1 to m and
and column identifi- 1ton. Therow number isnormally
cation number of the set to 1. The column identification
DEM profile con- is the profile sequence number.
tained in this
record
2 A two-element array INTEGER*2 216 13 24 Seefigure 2-3, Thefirst element in the
containing the number field corresponds to the number of rows of
(m, n,) of elevations nodesin this profile. The second element
in the DEM profile isset to 1, specifying 1 column per B record.
3 A two-element array REAL*8 2D24.15 25 72 Seefigure 2-3!
containing the
ground planimetric
coordinates (X _ Y p) of
ap g
thefirst elevation in
the profile
4 Elevation of local REAL*8 D24.15 73 96 The values are in the units of
datum for the measure given by data element 9,
profile logical record type A.

12/ 92
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El evati on Mbdel s

Digital elevation model data elementslogical record type B

Type Physical record format
Data (FORTRAN ASCII Starting  Ending Comment
element notation) format byte byte
5" A two-element array REAL*8 2D24.15 97 144 The values are in the units of measure given by
of minimum and data element 9 in logical record type A and are
maximum elevations the algebraic result of the method outlined in
for the profile data element 6 of this record.
6" Anm,n array of INTEGER*4 mn(16) 6x(146 or 170) A maximum of six characters are allowed for each
elevations for the 146 = max for first integer elevation value. See data€element 15in
profile. Elevations block. 170 = max appendix 2-A. A valuein this array would be

areexpressed in
units of resolution

for subsequent blocks

multiplied by the'z “ spatial resolution (data element
15, record type A)” and added to the “ Elevation of
local datum for the profile (data element 4, record
type B)” to obtain the elevation for the point. The
planimetric ground coordinates of point X, Y, are
computed according to the formulasin figure 2-3,

The phrase “units of measure” makes reference to a specific measurement system that isindicated by the code defining unit. The term “resolution” indicates that one resolution unit
isequal to either one unit, several units, or adecimal part of one unit of measure; i.e, resolutions can exist for values such as .01, .1, 1, 2, 3, and etc. It should be noted that
although both expressions are related, they can be confused with each other.

8/ 97
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APPENDI X 2-C
DI G TAL ELEVATI ON MODEL DATA ELEMENTS
LOG CAL RECORD TYPE C
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Digital elevation model data elements logical record type C

Type Physical record format

Data (FORTRAN ASCII Starting  Ending Comment

1 Codeindicating INTEGER*2 16 1 6 Code l1=available
availability of O=unavailable
dtatistics in data
element 2

2 RM SE of file's datum INTEGER*2 316 7 24 RM SE integer values are in the same unit
relative to absolute of measure given by dataelements 8 and 9
datum (X, y, 2) of logical record type A.

3 Sample size on which INTEGER*2 16 25 30 If O, then accuracy will be assumed
dtatistics in data to be estimated rather than
element 2 are based computed.

4 Codeindicating INTEGER*2 16 31 36 Code l1=available
availability of O=unavailable
dtatistics in data
element 5

5 RMSE of DEM data INTEGER*2 316 37 54 RM SE integer values are in the same unit
relativetofile's of measure given by dataelements 8 and 9
datum (X, y, 2) of logical record type A.

6 Sample sizeon INTEGER*2 16 55 60 If O, then accuracy will be assumed
which statisticsin to be estimated rather than
element 5 are based computed.

8/ 97
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SAMPLE QUADRALATERAL COORDI NATES
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Sample quadrilateral coordinates

Geographic coordinates UTM coordinates
Quad Corner
no. Latitude Longitude Easting Northing
SW 1 35°30' -107°37'30" 261897 3931463
NW 2 35°37'30" -107°37'30" 262267 3945330
NE 3 35°37'30" -107°30’ 273590 3945036
SE 4 35°30’ -107°30’ 273238 3931169
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APPENDI X 2-E
JURI SDI CTI ONS, STATE PLANE COCRDI NATE SYSTEMS,
AND ZONE REPRESENTATI ONS
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Jurisdictions, State Plane Coordi nate Systens,
and zone representations
[Proj. type codes: TM Transverse Mercator; OM blique Mercator
PC, Polyconic; LB, Lanbert.]
22233333111111333333111113333333111133333331111313333311113))333I)1)))))
NAD27 NAD83
Juri sdiction, Al pha Proj . zone zone
zone nane, or nunber code type code code

53233333333333333333333333333333333333333333333333333333333333333)3)))))
Al abama AL

East ™ 0101 0101

West ™ 0102 0102
Al aska AK

01 OM (5001) 5001 5001

t hrough TM (02-09) through through

10 LB (5010 5010 5010
Ari zona AZ

East ™ 0201 0201

Central ™ 0202 0202

West ™ 0203 0203
Ar kansas AR

Nort h LB 0301 0301

Sout h LB 0302 0302
California CA

01 LB 0401 0401

t hrough LB t hrough through

06 and 07 LB 0407 0406
Col or ado CcO

Nort h LB 0501 0501

Central LB 0502 0502

Sout h LB 0503 0503
Connecti cut (1) LB 0600 0600
Del awar e DE ™ 0700 0700
Dist. of Colunbia DC LB 1900 1900
Fl ori da FL

East ™ 0901 0901

Vst ™ 0902 0902

Nort h LB 0903 0903
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Jurisdictions, State Plane Coordi nate Systens,
and zone representations

2331333313133333333313333331333313333333333313333133333333333133333333))))))
NAD27 NAD83

Juri sdiction, Al pha Proj . zone zone
zone nane, or nunber code type code code
222333331113113333331111133333331111333333311111313333311113))33II)1)))))

Ceorgi a GA

East ™ 1001 1001

West ™ 1002 1002
Hawai i HI

01 ™ 5101 5101

t hrough ™ t hrough through

05 ™ 5105 5105
| daho I D

East ™ 1101 1101

Centr al ™ 1102 1102

West ™ 1103 1103
Il1inois IL

East ™ 1201 1201

West ™ 1202 1202
I ndi ana I'N

East ™ 1301 1301

West ™ 1302 1302
| owa I A

Nort h LB 1401 1401

Sout h LB 1402 1402
Kansas KS

North LB 1501 1501

Sout h LB 1502 1502
Kent ucky KY

North LB 1601 1601

Sout h LB 1602 1602
Loui si ana LA

North LB 1701 1701

Sout h LB 1702 1702

O fshore LB 1703 1703
Mai ne VE

East ™ 1801 1801

West ™ 1802 1802
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Jurisdictions, State Plane Coordi nate Systens,
and zone representations

2331333313133333333313333331333313333333333313333133333333333133333333))))))
NAD27 NAD83

Juri sdiction, Al pha Proj . zone zone
zone nane, or nunber code type code code
222333333113113333331111133333331111333333311111313333311113))333))1)))))
Mar yl and VD LB 1900 1900
Massachusetts MA
Mai nl and LB 2001 2001
I sl and LB 2002 2002
M chi gan M
East (obsol et e) ™ 2101 ----
Central (obsol et e) ™ 2102
West (obsol et e) ™ 2103 ----
Nort h LB 2111 2111
Centr al LB 2112 2112
Sout h LB 2113 2113
M nnesot a VN
Nort h LB 2201 2201
Centr al LB 2202 2202
Sout h LB 2203 2203
M ssi ssi ppi VB
East ™ 2301 2301
West ™ 2302 2302
M ssour i MO
East ™ 2401 2401
Centr al ™ 2402 2402
West ™ 2403 2403
Mont ana Mr ---- 2500
North LB 2501 ----
Central LB 2502 .-
Sout h LB 2503 ----
Nebr aska NE ---- 2600
North LB 2601 ----
Sout h LB 2602 ----
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Juri sdictions,

Jurisdiction,
zone nane, oOr nunber

23311333133333333333333333133331333333333331333331333333333333333)333))))))

Nevada
East
Centra
Wést
New Hanpshire
New Jer sey
New Mexi co
East
Centra
Wést
New Yor k
East
Centra
Wést
Long Isl and
North Carolina
Nort h Dakota
Nort h
Sout h
Chio
Nort h
Sout h
Okl ahoma
Nort h
Sout h
Oregon
Nort h
Sout h
Pennsyl vani a
Nort h
Sout h
Rhode | sl and

12/ 92

Al pha Proj .
code type
NV
™
™
™
NH ™
NJ ™
NM
™
™
™
NY
™
™
™
LB
NC LB
ND
LB
LB
H
LB
LB
(04
LB
LB
oR
LB
LB
PA
LB
LB
RI ™

State Pl ane Coordi nate Systens,
and zone representations

2331333313133333333313333331333313333333333313333133333333333133333333))))))
NAD27

zone
code

2701
2702
2703
2800
2900

3001
3002
3003

3101
3102
3103
3104
3200

3301
3302

3401
3402

3501
3502

3601
3602

3701
3702
3800

NADS3
zone
code

2701
2702
2703
2800
2900

3001
3002
3003

3101
3102
3103
3104
3200

3301
3302

3401
3402

3501
3502

3601
3602

3701
3702
3800
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Jurisdictions, State Plane Coordi nate Systens,
and zone representations

2331333313133333333313333331333313333333333313333133333333333133333333))))))
NAD27 NAD83

Juri sdiction, Al pha Proj . zone zone
zone nane, or nunber code type code code
222333331313113333331111133333331111333333311111313333311113))333I)1)))))

South Carolina SC LB ---- 3900

Nort h LB 3901 ----

Sout h LB 3902 ----
Sout h Dakot a SD

Nort h LB 4001 4001

Sout h LB 4002 4002
Tennessee TN LB 4100 4100
Texas >

Nort h LB 4201 4201

North Central LB 4202 4202

Central LB 4203 4203

South Central LB 4204 4204

Sout h LB 4205 4205
Ut ah ur

Nort h LB 4301 4301

Central LB 4302 4302

Sout h LB 4303 4303
Ver nont VT ™ 4400 4400
Virginia VA

Nort h LB 4501 4501

Sout h LB 4502 4502
Washi ngt on WA

Nort h LB 4601 4601

Sout h LB 4602 4602
West Virginia W/

North LB 4701 4701

Sout h LB 4702 4702
W sconsi n W

North LB 4801 4801

Centr al LB 4802 4802

Sout h LB 4803 4803
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Jurisdictions, State Plane Coordi nate Systens,
and zone representations

2331333313133333333333333313333133333133333313333313333333333313333)33)))))))
NAD27 NAD83

Juri sdiction, Al pha Proj . zone zone
zone nane, or nunber code type code code
22233333111311333333111113333333111133333331111313333311113)))3II)1)))))
Wom ng Wy
East (01) ™ 4901 4901
East Central (02) ™ 4902 4902
West Central (03) ™ 4903 4903
West (04) ™ 4904 4904
Puerto Rico PR LB 5201 5200
Virgin |slands Vi LB 5201 5200
& St. Croix LB 5202 5200
Aneri can Sanopa AS LB 5300
Guam aJ PC 5400

2331133313133333333313133331333313333331333313333133333313333133333333))))))
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APPENDI X 2-F
UNI VERSAL TRANSVERSE MERCATCOR ZONE
LOCATI ONS AND CENTRAL MERI DI ANS
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APPENDI X 2-F.--Universal transverse nercator zone | ocations
and central neridians

Zone C. M Range Zone C. M Range

01 177W 180W 174W 31 003E 000E- 006E
02 171W 174W 168W 32 009E 006E- 012E
03 165W 168W 162W 33 015E 012E- 018E
04 159W 162W 156W 34 021E 018E- 024E
05 153w 156W 150W 35 027E 024E- 030E
06 147W 150W 144W 36 033E 030E- 036E
07 141W 144W 138W 37 039E 036E- 042E
08 135W 138W 132W 38 045E 042E- 048E
09 129W 132W 126W 39 051E 048E- 054E
10 123W 126W 120W 40 057E 054E- 060E
11 117W 120W 114W 41 063E 060E- 066E
12 111w 114W 108W 42 069E 066E- 072E
13 105W 108W 102W 43 075E 072E- 078E
14 099w 102W 096W 44 081E 078E- 084E
15 093W 096W 090W 45 087E 084E- 090E
16 087W 090W 084W 46 093E 090E- 096E
17 081W 084W 078W 47 099E 096E- 102E
18 075W 078W 072W 48 105E 102E- 108E
19 069W 072W 066W 49 111E 108E- 114E
20 063W 066W 060W 50 117E 114E- 120E
21 057w 060W 054W 51 123E 120E- 126E
22 051w 054W 048W 52 129E 126E- 132E
23 045W 048W 042W 53 135E 132E- 138E
24 039W 042W 036W 54 141E 138E- 144E
25 033w 036W 030W 55 147E 144E- 150E
26 027w 030W 024W 56 153E 150E- 162E
27 021W 024W 018W 57 159E 156E- 162E
28 015W 018w 012w 58 165E 162E- 168E
29 oo9w 012w 006W 59 171E 168E- 174E
30 003w 006W 000E 60 177E 174E- 180W
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APPENDI X 2- G
PARAMETERS REQUI RED FOR DEFI NI TI ON OF MAP PROJECTI ONS
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Parameters required for definition of map projections

(00)* (01)** (02) (03) (04)
Parameter Geographic Universa State Albers Lambert
Transverse Plane Conical Conformal
Mercator (UTM) Equal Area
1 *xx Longitude of any point *xx Semimajor axis of ellipsoid. If thisfield
within the zone isleft blank (=0), the value for Clarke's

1866 spheroid in meters is assumed.

2 *xx L atitude of any point *xx Eccentricity squared of ellipsoid ().
within the UTM zone If field is zero, thisindicates a sphere. If thefieldis 1, thisfield isinterpreted as
containing the semiminor axis of the ellipsoid.

3 ok ok ok Latitude of 1st Standard Parallel

4 ok ok ok Latitude of 2d Standard Parallel

5 *xx *xx *xx Longitude of Central Meridian

6 *xx *xx *xx Latitude of projection'sorigin

7 *xx *xx *xx False easting in the same units of measure as the semimajor axis of ellipsoid
8 *xx *xx *xx False northing in the same units of measure as the semimajor axis of ellipsoid

9-15 (not used on this page)

*  Projection code number.

**  For the Northern Hemisphere, supplying UTM zone will result in ignoring any given projection parameters.

***  Parameter is not applicable to projection.

Note: All angles (latitudes, longitudes, or azimuth) are required in degrees, minutes, and arc seconds in the packed real number format

+DDDOMMOSS.SSSSS.
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Parameters required for definition of map projections--continued

(05) (06) (07) (08)
Parameter Mercator Polar Polyconic Equidistant Conic
Stereographic TypeA TypeB
1 Semimajor axis of ellipsoid.

If thisfield is left blank (=0), the value for Clarke's 1866 spheroid in metersis assumed.

2 Eccentricity squared of ellipsoid (€).
If thisisleft blank (=0), thiswill indicate a sphere.
If thefield is 1, thisfield will be interpreted as containing the semiminor axis of the ellipsoid.

3 b b b Latitude of Latitude of 1st
Standard Perallel Standard Perallel
4 b b b >k Latitude of 2d
Standard Parallel
5 Longitude Longitude directed ... Longitude of Central Meridian . ... ..
of Central straight down below
Meridian pole of map
6 *xx Latitude of truescdle ... Latitude of projection'sorigin. . . . .
T False easting in the same units of measure as the semimajor axis of ellipsoid. . . . ..
8 False northing in the same units of measure as the semimajor axis of ellipsoid . . . . .
9 *xx *xx *xx Zero Any nonzero number
10-15
(not used on this page)
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Parameters required for definition of map projections--continued

(09) (10) (11) (12) (13) (14)
Parameter Transverse Stereographic Lambert Azimuthal Azimuthal Gnomonic Orthographic
Mercator Equal-Area Equidistant
1 Sameas e Radius of the sphere of reference..........
Projections If thisfield isleft blank, the value
03 thru 08 6370997.0 metersis assumed
2 Sarneas * %% * %% * Kk * Kk * %%
Projections
03 thru 08
3 &:alefa:tor * %% * k% * Kk * Kk * %%
at Central
Meridian
4 * K%k * %% * %% * KKk * Kk * %%
5 Longitudeof ... Longitude of center of projection............
Central
Meridian
6 Latitude L atitude of center of projection...........
of origin
7 False easting in the same units of measure as the semimajor axis or radius of the sphere
8 False northing in the same units of measure as the semimajor axis or radius of the sphere
9-15
(not used
on this page)
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Parameters required for definition of map projections--continued
(15) (16) (17 (18) (19)

Parameter Generd Vertica Sinusoidal Equirectangular Miller Cylindrical Van Der Grinten |

Near-Side Perspective (Plate Caree)
1 Radius of the sphereof reference. ..............

If thisfield isleft blank, the value
6370997.0 metersis assumed.

2 * K%k * K%k * %% * k% * k%
3 Height of perspective *xx *xx *xx *xx

point above sphere
4 * K%k * Kk * %% * %% * k%
5 Longitude of centerof ... Longitude of Central Meridian...........

projection
6 L atitude of center of *okk *okk >k >k

projection
T False easting in the same units of measure as radius of the sphere. .. . . ..
8 False northing in the same units of measure as radius of the sphere. . . ...
9-15
(not used
on this page)
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Parameters required for definition of map projections--continued

(20) (20)
Parameter Oblique Mercator Parameter Obligue Mercator
(Definition Format A) (Definition Format B)

(Déefinition Format A) (Déefinition Format B)

1 Same as for projections 03 thru 09 9 Longitude of first *xk
point defining central
2 Same as for projections 03 thru 09 geodetic line of
projection
3 Scale factor at the center of projection
10 Latitude of first *xx
4 *xx Angle of azimuth east point defining central

of north for central
line of projection

geodetic line of
projection

5 *xx Longitude of point 11 Longitude of second *xx
aong central line of point defining central
projection at which geodetic line of
angle of azimuth is projection
measured
6 L atitude of origin of projection 12 L atitude of second *xx
point defining central
7 Same as for projections 03 thru 19 geodetic line of
projection
8 Same as for projections 03 thru 19 13 Zero Any nonzero
number
14 and 15
(not used for this
projection)
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APPENDI X 2-H
NATI ONAL AND | NTERNATI ONAL HORI ZONTAL AND VERTI CAL
DATUMS USED FOR DI G TAL ELEVATI ON DATA

12/ 92 2-51



Standards for Digital Elevation Mdels
Part 2: Specifications
Appendi x 2-H

National and international horizontal and vertica

datuns used for digital elevation data

Two types of horizontal datunms are presently in use for DEMdata distributed by the
USGS, the civilian North American Datum (NAD) and military Wrld Geodetic System
(WGES). The NAD 27 datumis currently used to define positions on USGS topographic
maps and 7.5-minute DEM s. Plans are to convert to the new NAD 83 for these
applications. The WGS 72 is currently used to define positions for 1-degree N NA
DEM s and DTED s. The NIMA is converting these data to the new WES 84. The NAD 83
and WGS 84 datuns are being phased i nto the napping community at different rates or
where resources are available. For the conterm nous United States these new datuns
are considered to be functionally the sane; however, the two have been defined
separately because they were designed to serve different segnents of the mapping
conmunity, primarily civilian and mlitary. The following information will help

clarify the rel ationshi p between these dat uns.

The Role of the Ellipsoid in Defining Datuns

Unli ke local surveys, which treat the Earth as a plane, the precise determnation
of the latitude and | ongi tude of points over a broad area nust take i nto account the
actual shape of the Earth. To achieve the precision necessary for accurate
| ocation, the Earth cannot be assuned to be a sphere. Rather, the Earth's shape
nore cl osely approxi mates an el li psoid (obl ate spheroid): flattened at the pol es and
bul ging at the Equator. Thus the Earth's shape, when cut through its polar axis,

approxi nates an ellipse.

Ceodetic surveying, which takes into account variations in the shape of the Earth,
is based on a reference ellipsoid to the geoid, the actual shape of the Earth, that
is selected as a best fit over alinmted area. The ellipsoid used to define a datum
is a mathematical surface upon which conputation of position can be based, as

opposed to the actual surface of the Earth on which surveys are conducted.
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The geoi d, which approxi mates the sea | evel surface, is an equi potential surface of
the Earth's gravity field. It can be thought of as a continuous sea-level surface
extended beneath the continents. It is the "level" surface of reference for
astrononi ¢ observations and geodetic |eveling, but because of undulations that
respond to the Earth's mass distributions, it is not a useful conputational surface

for horizontal surveys.

Hori zontal Surveys -- Conversions

NAD 27

The NAD 27 is defined with an initial point at Meades Ranch, Kansas, and by the
paraneters of the Carke 1866 ellipsoid. The location of features on USGS

t opographi ¢ maps, including the definition of 7.5-m nute quadrangle corners, are
referenced to the NAD 27.

NAD 83

Using recent neasurenents with nodern geodetic, gravinetric, astrodynamic, and
astrononic instrunents, the Geodetic Reference System1980 (GRS 80) ellipsoidis the
best fit to the worl dwi de geoid. Unlike NAD 27, which is based on an initial point
(Meades Ranch, Kansas), NAD 83 is an Earth-centered datum and uses the GRS 80
el l'ipsoid. Because the NAD 83 surface deviates from the NAD 27 surface, the

position of a point based on the two reference datuns is different.

WES 72

NIMA DEM s, as presently stored in the USGS data base, reference the W5S 72 dat um
Li ke NAD 83, WGS 72 is an Earth-centered datum The WSS 72 datumwas the result of
an extensive effort extending over approximately three years to collect selected

satellite, surface gravity, and astrogeodetic data available through 1972. The
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conbi nati on of the data was perfornmed using a unified WSS solution (a | arge-scale
| east squares adjustnent). Such an adj ustnent was made possible in part because of

the availability of adequate conputers and software

WES 84

The WGES 84 datum was devel oped as a replacenment for WG5S 72 by the military mappi ng
conmunity as a result of newer, nore accurate i nstrunentati on and nore conprehensive
control networks. It is an inprovenment over WGS 72 in several respects. New and
nore extensive data sets and i nproved software were used i n the devel opnent. A nore
extensive file of Doppler-derived station coordi nates was avail able and for many
nore |ocal geodetic systens; inproved sets of ground-based Doppler and |aser
satellite-tracki ng data and surface gravity were avail abl e; and geoi d hei ghts were
deduced fromsatellite radar altinmetry (a newdata type) for oceanic regi ons between
70° north and south latitude (approximately). This systemis described in "Wrld
Ceodetic System 1984, " Departnment of Defense DVA (N MA) TR 8350. 2, Septenber 1987.

NI MA has reconputed the 1-degree DTED s for the contiguous United States and has
nmade a copy of the data set available to the USGS

NAD 27 - NAD 83

The methods available for transformation from NAD 27 to NAD 83 can result in
i nconsi stencies. Therefore, a single nethod of conversion has been adopted by the
USGS. The nethod invol ves the use of 7.5-minute grid intersection tables devel oped
by the National Ccean Service and the software program NADSH FT, which is nornally
avai | abl e as an i nteractive PC based programor adapted to batch processing on main
franme conputers. Bilinear interpolation of the shifts derived for the four
guadrangl e corners results in a uniformhorizontal translation of values that are

applied to all points interior to and including the edges of the quadrangle.
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WES 72 - WSS 84

Tabl'e Z-H T contains i nformation on converting WGS 72 coordi nates to WES 84. There
are no NIMA plans to devel op WES 72 coordi nates of inproved accuracy. However, if
WGS 84 coordinates have been determned, the WES 72-to-WGS 84 fornulation in the
first tabl e can be reversed and used with the WGS 84 coordi nates to obtain i nproved

WGES 72 coordi nat es.

DEM Dat um | denti fi cati on

The datum applicable to a given DEM data set can generally be deternined by the

following criteria:

Al USGS DEM s | acking the new type A record, elenments 16-29, are NAD 27.
All NIMA DEM s and DTED s | acki ng datum descriptors are WGS 72.
Al'l DEM s having the newtype Arecord el ements have datuns as indicated in type

A record, elenent 27.

Vertical Datums wused for Digital Elevation Mdels

The present U.S. national vertical datum the National Geodetic Vertical Datum of
1929 (NGVD 29), was established by the U S. Coast and Geodetic Survey's 1929 Cener al
Adj ust ment. About 75,000 kmof U S. level-line data were conbi ned with about 35, 000
kmof Canadian | evel-line data in this adjustrment, and nmean sea |l evel was held fi xed
at 26 tide gauges that were spaced al ong the east and west coast of North Anerica
and along the @ulf of Mexico. It was known at the time of the adjustnent that
because of their wvariation of ocean currents, prevailing wnds, baronetric
pressures, and ot her physical causes, the nean sea | evel deterninations at the tide
gauges woul d not define a single equipotential surface. However, it was believed

that the variations in the different determ nations of nean sea | evel were probably
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of the same nagnitude as the errors in the leveling data. This datumwas originally
naned "Mean Sea Level Datumof 1929" and was changed to NGVD 29 in 1973 to elimnate
reference to "sea level" in the title. This was a change in nanme only; the

definition of the datum established in 1929 was not changed.

Since the 1929 adjustnent, new |l eveling has been established that now totals about
625, 000 km and each new |l i ne has been adjusted to the network. Through the years,
t he agreenent between the new | eveling and the network bench mark el evati ons slowy

grew worse. There are three reasons for this disagreenent:

1. Many bench narks were affected by unknown vertical novenent due to

eart hquake activity, postglacial rebound, and ground subsi dence.

2. Nuner ous bench nmarks were di sturbed or destroyed by hi ghway nai ntenance,

bui | di ng, and other construction projects.

3. New |eveling became nore accurate because of better instrunents and

procedures and i nproved conputations.

It was decided in 1977 that the high accuracy achi eved by the new | evel i ng was bei ng
| ost when forced to fit the 1929 network, and plans were nade to begi n devel opi ng
a new national vertical network, North American Vertical Datum of 1988. This new
datumis being studied and policies are being forrmulated for it's inplenentation

into data sets such as the DEM No USGS DEM s are currently using this new datum
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Table 2-H-1 --Difference between WGS 84 and WGS 72 geodetic coordinates*

Difference (meters)

Degrees Latitude Longitude Height
90N 0.0 0.0 4.1
85 0.4 15 4.1
80 0.8 3.0 4.0
75 13 4.4 39
70 17 5.9 3.8
65 21 7.2 3.6
60 24 8.6 34
55 2.8 9.8 3.2
50 31 11.0 3.0
45 34 12.1 2.7
40 3.6 13.1 2.4
35 3.9 14.0 2.0
30 4.1 14.8 17
25 4.2 155 13
20 4.4 16.1 1.0
15 4.4 16.5 0.6
10 45 16.5 0.2
5N 45 17.1 -0.2
0 45 17.1 -0.6
5S 4.4 17.1 -1.0
10 4.4 16.9 -14
15 4.2 16.5 -1.8
20 41 16.1 2.1
25 39 155 -25
30 3.7 14.8 -2.8
35 35 14.0 -3.1
40 3.3 13.1 -3.4
45 3.0 12.1 -3.7
50 2.7 11.0 -3.9
55 24 9.8 -4.2
60 21 8.6 -4.3
65 17 7.2 -4.5
70 14 5.9 -4.7
75 11 4.4 -4.8
80 0.7 3.0 -4.8
85 0.4 15 -4.9
0S 0.0 0.0 -4.9

* Applies only when proceeding directly from WGS 72 coordinates to WGS 84 coordinates; does not contain the effect of
the WGS 84 Earth gravitational model and geoid, nor the effect of local geodetic system-to-WGS 84 datum shifts being
better than local geodetic system-to-WGS 72 datum shifts.
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APPENDI X 2- 1
SECTI ONAL | NDI CATCR
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Sectional indicator

The 30-minute DEMs are distributed in groups of files that nake up a 30- by 30-
m nute area of coverage representing the DEM for the east or west half of a
1: 100, 000- scal e source map. The nornal distribution group is four 15-mnute files
per 30-minute area. The quadrangle nane field in the header record contains the
nane of the 1:100, 000-scal e source map. However, the pieces or sections into which
each is divided are identified within the header type A record to the size and
pl acenent of each. |In byte 138-140 each sectionis identified by a 3 character code
XNN wher e

Xis asingle letter indicating size

F = 15-mi nute bl ock

S = 7.5-minute bl ock
NN is a two-digit nunber indicating the specific quad. Figure 2-1-1 and 2-1-2
illustrate this division with the sections |labeled with the code that appears in
bytes 138-140 of the header record.

|| FO1 F02 | Fo3 | Fo4 ||

|| FO5 Fo6 | Fo7 | Fos ||

Figure 2-1-1

A 1:100, 000-scal e quad divided into eight 15-m nute quads, 4 per 30-minute area.

SO01 S02 S03 S04 S05 S06 S07 S08
S09 S10 S11 S12 S13 S14 S15 S16
S17 S18 S19 S20 S21 S22 S23 S24
S25 S26 S27 S28 S29 S30 S31 S32

Figure 2-1-2

A 1:100, 000-scal e quad divided into 32 7.5-m nute quads, 16 per 30-mi nute area.
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