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‘ , ‘This report is a revision of the earher tabulation of global terrain heights issued - .
‘as R-1276-ARPA in November 1973, and corrects systematic errors which were’s -
e present in the tabulations poleward of 50°. Figures 1 through 5, associated with the
§o& tabulation’s statistical summary, have also been recomputed The related tabulation
,‘of ocean depths is given in R-1277-1-ARPA.
e We would like to thank L. J. Lewis of the Geophysical Fluid Dynamlcs
i Laboratory, NOAA, for calling our attention to the previous tabulation’s errors, and "
L D Bregman for his review of the newly tabulated data L m ‘g :
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SUMMARY

The world-wide terrain height data prepared at the Scripps Institution of
Oceanography have been newly revised, and are herewith retabulated on a 1° grid.
The revisions to the original Scripps data include the insertion of the elevation of
the surface of lakes, the negative elevation of land areas lying below sea level, and
the elevation of several heretofore omitted islands. A number of changes of land
elevation near coasts have also been made, including some apparent errors in the
original data. The new tabulations are summarized in the form of a global analysis,
histograms, and zonal averages. e e e
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I. INTRODUCTION

In numerical simulations of atmospheric flow the terrain height is often needed
as an input boundary condition. For small-scale problems, detailed local topographic
information is usually available; in the case of large-scale problems, however, such
as global circulation studies, the terrain height on an appropriate world-wide grid
has been less readily available. Recognizing this need a number of years ago,
Berkofsky and Bertoni (1955) published a tabulation of the topographic heights
averaged over 5° latitude-longitude areas for the entire earth. These data were
themselves obtained by averaging the values at 1° intervals, found by visual
inspection of aeronautical charts. Because they are used in many applications, these
data are often interpolated onto other grids, with a consequent degradation of both
accuracy and detail. '

The need for a more detailed topographic data source was also recognized by
Smith, Menard, and Sharman (1966), who have presented topographic data over
most of the globe at 1° intervals. Although these data undoubtedly constitute the
best source of large-scale continental elevations available, they are in a format
which does not readily lend itself to many applications. It is the purpose of this
report to present these Scripps data in a new and extended tabulati ion for t.hewentlre
globe at 1° intervals, in the hope that it will prove a more convenient source for
_ further.use. A companion tabulation of the Scnpps ocean depth data may be found
in R-1277 1 ARPA (Gates and Nelson 1975) S _i_*g.».;,, PR
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' II. DATA PROCESSING AND REVISION

Details of the data sources and estimation methods used in the original Scripps
tabulation are given by Smith, Menard, and Sharman (1966). In order to produce a
uniform listing on a 1° global grid, it was necessary to interpolate these data with

.respect to longitude in the higher latitudes. In the Scripps tabulation, the
continental elevations are given to the nearest 100 m every 2° of longitude at
latitudes 50° through 69°, every 5° longitude at latitudes 70° through 79°, and every
10° of longitude at latitudes 80° through 89°. The missing data for each degree of
longitude between latitudes 50° and the poles were obtained by a linear east-west
interpolation of the given Scripps data. In the previous Rand tabulation
(R-1276-ARPA, Gates and Nelson, 1973), these data were inadvertently assigned to
the westernmost 1° longitude interval of the original 2°, 5° and 10° longitude
tabulations poleward of 50° latitude. The subsequent longitudinal interpolations to
1° intervals were therefore erroneous, and have been corrected in the present report.

This fully interpolated data set was then reviewed for consistency of coastal
outlines, and a number of changes were made, particularly in the Pacific and Arctic
regions. These revisions consisted (with only one exception) of the assignment as
land areas of several dozen 1° squares previously identified as ocean. The tabulations
were next revised by the insertion of the elevation of the surface of those lakes
resolved by the grid, replacing the lake bottom elevations contained in the original
listing. These data were determined from world maps on a scale of 1:11,000,000
prepared by the U.S. Army Topographic Command.and Naval Oceanographic Pffice
(1971). These lake surface data are denoted by the subscript L in the tabulation, and
represent the Aral Sea, the lakes Baikal and.Balkhash, the Caspian Sea, and the
lakes Chad, Erie, Eyre, Great Bear, Great Slave, Huron, Lodoga, Michigan, Nyasa,
Onega, Ontario, Reindeer, ‘Superior, Tanganyika, Victoria, and Winnipeg.

The tabulations were next revised by the inclusion of a number of islands
omitted in the original Scripps listings (in addition to the occasional revision of the
boundaries of listed islands as noted above). Newly tabulated are the islands of
Hawaii, Kodlak Komsomolets New Caledonia, Nordaustlandet Papua, and West
Falkland. A final rewsmn of the data resulted”from a review of the tabulated terrain
heights to detect gross errors and 1ncon51stenc1es A number of such corrections were
necessary at’ scattered points, where -the elevations were evidently originally
tabulated in meters rather than decameters. A record of these and all other changes
to the_ongmal Scr ps;tabulation is avaﬂabe* - reference.
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III. STATISTICAL SUMMARY

In addition to the tabulations themselves, it is of interest to give a few overall
characteristics of the global topography. In Fig. 1 we show the continental outlines
as resolved by the 1° grid. Figure 2 illustrates an analysis of the terrain height data,
which serves to identify the major topographic features of the world.
~ In Fig. 3a the tabulated data are shown in the form of a histogram at 500-m
intervals. We note in particular that more than half of the 22,537 tabulated
elevations (on a 1° grid) are below 1000 m, and that there is a secondary maximum
of terrain height frequency between 3000 and 3500 m. This histogram, however,
overemphasizes the terrain heights in higher latitudes by treating all tabulated data
equally. The histogram of actual surface area occupied by land in 500-m elevation
intervals is shown in Fig. 3b. This distribution was found by weighting the data in
Fig. 3a by the areas appropriate to each land point.

In Fig. 4a the tabulated data are shown in terms of zonal averages, wherein the
maximum height near 35°N is produced by both the Rockies and the Himalayas.
This figure, however, also overemphasizes the higher-latitude terrain heights by
treating all 1° data equally. The corresponding zonal averages found by weighting
the data of Fig. 4a by the cosine of latitude are shown in Fig. 4b; here a greater
degree of latitudinal symmetry is evident. These data give an area-weighted mean
terrain height of 678 m in the northern hemisphere and 658 m in the southern
hemisphere, with a global mean of 668 m. The tabulated data have also been
converted into the fraction representing land in Fig. 5a, and in terms of the actual
land area per degree of latitude in Fig. 5b.

Although we have not systematically compared the tabulated Scripps
topographic data with other data sources, we have noted a number of apparent
omissions and discrepancies. For example, the low-lying land at the northern end
of the Caspian Sea was originally listed as above sea level, the height given for Punta
Eugenia in Baja California was excessive, and the island of Hawaii was not
represented. These and other errors were corrected by the insertion of the surface
elevations of all lakes resolved by the grid and by review of all coastal and island
regions. The tabulations were also visually checked for local terrain height errors.
No revisions were made at locations covered by permanent ice (as in Greenland and
Antarctica); here the ice is treated as though it were land and its surface elevation
is tabulated.
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IV. TOPOGRAPHY TABULATION (TERRAIN HEIGLLLD)

In the following tabulation the original Scripps continental elevations with
respect to mean sea level (and those interpolated over longitude at latitudes
poleward of 50°) are presented in the form of grid-point values on a 1’ global grid.
These values are given in decameters (= 10 m), with asterisks denoting the locations
of ocean. All longitudes are referenced eastward from Greenwich. The quadrant
identification used in the original Scripps tabulation by Smith, Menard, and
Sharman (1966) has here been transformed to the true latitude and longitude of the
center of the 1° squares for which the listed height is the estimated average.

‘The locations of lakes may be identified by the subscript L followmg the
tabulation of the lake’s surface elevation. The locations of permanent ice-covered
land are not separately identified, and the ice’s surface elevation is tabulated as
though it were land. Negative numbers denote land below mean sea level, while zero
denotes land at sea level (to the nearest decameter). Ocean depths are tabulated in
Part II of this report (R-1277-1 ARPA)
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4545S
46.55
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66455
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T7.55
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82.5S
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86455
87.55
88458
85455
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TERRAIN HEIGHTS ABOVE MEAN SEA LEVEL IN DECAMETERS
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895N
88.5N
87.5N
86.5N
855N
84 .5N
83.5N
82 45N
615N
805N
79 45N
T845N
T7.5N
76 5N
755N
T4 5N
T3.5N
72.5N
715N
70.5N
655N
68 45N
675N
66 45N
65.5N
64.5N
63 45N
62.5N
615N
60.5N
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58.5N
57.5N
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5545N
54 5N
53 .5N
52.5N
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49 .5N
48 ,5N
47.5N
465N
45 45N

TERRAIN HEIGHTS ABOVE MEAN SEA LEVEL IN DECAMETERS
DEGREES EAST LONGITUDE
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44 5N
43.5N
42 45N
41.5N
405N
3G 5N
38.5N
37.5N
3645N
35.5N
34.5N
33.5N
32.5N
31.5N
30.5N
259 «5N
285N
27.5N
2€.5N
255N
245N
23.5N
225N
21.5N
205N
19.5N
17.5N
16.5N
155N
14,5N
13.5N
12.5N
11.5N
10.5N
G« 5N
8 .5N
T 45N
6.+ 5N
5+5N
4 .5N
35N
2e5N
1.5N
0.5N
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TERRAIN HEIGHTS ABOVE MEAN SEA LEVEL IN DECAMETERS
DEGREES EAST LONGITUDE
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20455
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30.5S
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35.55
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37.5S
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42.5S
43458
44.5S

TERRAIN HEIGHTS ABOVE MEAN SEA LEVEL [N DECAMETERS
DEGREES EASY LONGITUDE
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4545S
464,55
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’?8.55
49455
50.5S
51.5S
524585
53.5S
54.5S
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56455
57.5S
58e45S
59.5S
62.5S
63.5S
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65.5S
66455
67.5S
68,.,5S
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TC.5S
T1.5S
72.5S
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76.5S
77.5S
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81.5S
B2.5S
83.5S
84.5S
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86455
87.5S
88455
89.5S
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TERRAIN HEIGHTS ABOVE MEAN SEA LEVEL IN DECAMETERS
DEGREES EAST LONGITUDE
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44 45N
43.5N
42.5N
41.5N
40.5N
39.5N
38.5N
37.5N
36.5N
35.5N
34.5N
33.5N
32.5N
31.5N
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29.5N
285N
2T.5N
2645N
25.5N
245N
23.5N
225N
215N
20.5N
1S5.5N
18.5N
17.5N
165N
155N
14.5N
13.5N
12.5N
11.5N
10.5N
9.5N

8.5N
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6 .5N

55N
4o 5N
35N
245N

l.SN
Ce5N

TERRAIN HEIGHTS ABOVE MEAN SEA LEVEL IN DECAMETERS
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4l.5 42.5
110 90
350 290

0 60

0 210
200 220
230 250
180 130
60 100
50 49
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30 20
50 20
50 40
50 50
60 50
60 60
70 70
90 80
80 80
70 90
100 100
110 120
105 160
200 110
170 100
50 150
50 100
* 40

* 20

* 0

0 *
50 0
30 40
30 20
50 70
100 130
110 105
100 80
85 55
60 70
50 30
50 20
30 20
20 20
20 10

43.5 44.5
40 20
110 45
140 170
210 80
196 200
370 170
180 220
190 250
70 110
20 60
20 20
20 20
20 20
40 20
40 30
50 40
60 50
70 60
75 70
85 85
90 100
100 100
140 85
90 85
90 85
100 90
120 100
160 90
80 100
80 180
70 190
80 110
* *
* *
50 *
110 100
110 90
50 80
70 60
50 40
45 40
40 30
25 10
10 *
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TERRAIN HEIGHTS ABUVE MEAN SEA LEVEL IN DECAMETERS
DEGREES EAST LONGITUDE
36e5 3745 38¢5 39.5 4065 4165 42.5 43.5 44.5 45.5 46.5 47.5

0«58 230 1€0 15 20 10 7 * * * * * *

1.5S8 140 120 S0 23 10 * * * * * * *

2.5S 140 140 60 23 * * * * * * * *
35S 150 150 96 10 % * * %* * * * *
4.5S 130 90 100 0 * * * * * * * *

5.5S 120 100 30 *® x * * * * * x *

6.5S 90 40 20 %* * * %* * * * * *®

7.5S 80 30 10 * % * * * * * * *

8.5S 50 30 30 * % * % % % *® * *
9.5S 50 40 30 * * * * * * * * *
10.58 80 55 40 30 x % * x x * * *
11.5S 50 30 20 20 * * * * %* * %= *
12.5S 80 40 40 20 %* * * * x * * *®
13.5S 50 50 48 20 * * * * * * * *
14.5S -3 50 30 30 0 * * x * * * *
15.5S 70 50 33 20 * * * * * * * 10
16.5S 30 30 20 % % * % *® 0 10 20 30
17.5S 20 * * x * * * * 10 50 S0 69
18.5S ¥ * * * * * * * 20 70 90 110
19.5S * * * * *x % * * 0 40 80 140
20458 %* * % * * * * * 8 30 1C0O 110
21.5S * %* * * * * * * 28 40 S0 55
22.58 * * * * x * * 5 50 7G 80 20
23.5S * * * % * * * * 50 60 80 0
24.5S * * * x * x * * 35 50 50 *
25458 * * * & * * * * * 0 * *
26455 * * %= * * * * * * * * *
27458 * * * * * * * * * * * *
28.5S * * *® * %* * * * * * * %
29.5S * * * * * * * * * * * *
30458 % * * * * * * * * * *
31.5S 3 * * * * * * * * * ¢ * *
32.55 * * * * * »* * * * * * %*
33.5S * * * *® * x * % * = * *
34,55 x *= * * * * * ® * * * %*
35458 * * * * * * * * * » * *
36.5S * * * * * *® ® * x * * *
37.5S * *® % * % * * * * * * *
38.5S * * %  d * * %* * * * * *
36,58 * * * * * * x * * * * *
40.55 * * * * * * * * * * * %*
41.5S * * * * % * * x * % * *
42 .5S ® * * * * * * * * * * *
43,58 * * * * * * * * * * * %
444,55 % * * * * * * %* * * * *
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TERRAIN HEIGHTS ABOVE MEAN SEA LEVEL IN DECAMETERS
DEGREES EAST LOMGITUDE
4B.5 49.5 5C.5 51.5 52.5 53.5 54.5 55.5 565 57.5 585 59.5

44 5N -3L -3L -3L 10 10 20 20 30 20 20 6L 6L
43 45N -3t -3L =-3L 10 15 20 20 20 20 20 10 7
42 4SN -3t -3L -3L -3L -3L 20 20 20 20 20 10 8
415N 90 -3L -3L -3¢ -3L -3L 20 20 20 20 20 10
405N 30 20 -3L -3L -3L 20 20 20 20 20 20 10
39 .5N 30. -3L -3L -3L -3L -3L 20 20 20 2C 20 20
38.5N 120 -3L -3L -3L -3¢ -3L 20 30 100 110 40 20
37.5N 180 -3L -3t -3L -3L -3t 20 120 160 180 200 60
36.5N 210 130 240 250 60 150 140 120 100 130 150 140
35.5N 220 210 130 150 130 100 90 80 90 110 140 150
34.5N 200 210 160 80 80 70 70 70 70 S5 130 100
33.5N 180 240 230 220 170 130 110 90 100 120 1s0 200
32.5N 30 135 260 200 190 180 170 140 140 90 110 150
31.5N 20 50 190 250 220 180 190 170 190 70 90 110
30.5N 5 10 50 210 220 230 190 210 180 100 40 70
295N * * 10 80 170 150 200 160 250 190 55 90
285N 2 * * 10 80 130 150 150 150 120 120 110
27<5N 30 * * % 4 90 70 50 30 40 30 40
2645N 40 10 * * * * 5 0 * 70 80 90
25.5N 50 20 0 0 * * * 5 0 * % *
24.5N 50 40 20 2 * * 2 50 5 * * *
23.5N 50 50 40 30 30 30 30 50 60 60 20 *
225N 50 50 50 50 50 50 40 40 40 40 50 0
21.5N 70 65 60 60 50 50 50 50 40 30 30 *
20.5N 70 60 €0 60 60 50 50 50 40 20 * *
19.5N 60 60 60 60 50 50 50 50 40 0 ¥ *
18.5N 60 60 50 50 50 50 50 40 10 * * *
17.5N 60 50 50 50 50 50 50 * * x * *
16.5N 60 50 50 50 0 * * * * * * *
15.5N 70 7C 40 20 »* * * * * * * x
14 <5N 50 * * %* * * * * * % * %
13.5N * * * ® * * = * * %* * %
125N * * * % * x * * * * * %*
11<5N % % * x % % * * * * * %
10.5N S0 60 30 * * * * % * * * %
9 .5N 80 60 20 * * * * * * * * *
B+5SN 50 40 * * * * % * * * * *®
T«5N 40 c * * * * * * * * *
6« 5N 10 * * * x * = * * * * *
55N * % * % * * * x * * * *
4 .5N * * * = %* * * * * * *
3.5N * * * % * * * * * * * *
2.+5N * * * * % * * * %* % * %*
15N * x * * * * * * * * % %
0«5N % * * * * * * * * * * #*
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TERRAIN HEIGHTS ABOVE MEAN SEA LEVEL IN DECAMETERS

DEGREES EAST LONGITUDE
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8G.5N
88 .5N
875N
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85.5N
845N
83 .5N
825N
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755N
78.5N
T77.5N
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66.5N
65.5N
64+5N
625N
615N
60.5N
59.5N
584 5N
57.5N
565N
555N
54 .5N
53.5N
525N
51.5N
50.5N
4S54 5N
48.5N
47.5N
465N
4545N

36
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DEGREES EAST LONGITUDE
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44 45N
43 .5N
42.5N
41e5N
40.5N
395N
3B.5N
37.5N
365N
35.5N
34.5N
33.5N
32.5N
31.5N
30.5N
29.5N
284 5N
275N
265N
2545N
245N
23.5N
22.5N
21.5N
20.5N
19.5N
18.5N
17.5N
16 5N
15.5N
14.5N
13.5N
12.5N
11.5N
10.5N
9.5N
8.+ 5N
TSN
65N
S« SN
4 o 5N
25N
25N
l.5N
05N

TERRAIN HEIGHTS ABOVE

72.5

# M 3 4t % 2 4 3 % X M % 8K RO

73.5

50

40
280
200
230
400
420
430
350
260

LR K B B 2R R R NE B IR B

DEGREES
T4.5 7T5.5
2TL 60
80 100
31C 24C
230 280
320 310
370 23C
570 500
44() 400
330 5490
210 440
250 370
210 220
30 50
20 30
20 30
20 30
30 40
40 50
50 40
50 40
50 40
50 50
30 30
50 40
40 50
50 50
50 50
60 S0
60 50
50 50
30 60
o] 100
= 50
x* 0
® *
* *
* %
x *
* *
*® *
3 ®
X *
*® *
* *
* *

37

MEAN SEA LEVEL IN DECAMETERS
EAST LONGITUDE

165

40
100
200
320
2