“Magnifying-Glass” Azimuthal
Map Projections
Jdohn P. Snyder

ABSTRACT. For maps focusing on u region of interest, but including surrounding areas ta pro-
vide u setting, new azimuthal projections have been developed with a “magnifying-glass® effect.
On two such projections, inside & circle bounding the region of interest is a standard Azimuthal
Equidistant or Lambert Azimuthal Equal-Ares projection. Between thig circle and an outer
bounding circle, azitouths remain true and the radial or avea seale, respectively, remains con-
stant, but ot u reduced value. On four other projections, the inner portion is a standerd aximuthal
projection, which roay be Stereographic, Gnomonic, or the above, but beyond this portion, the
radial scale in graduaily reduced to zero. Equivalents with rectangular boundaries are also avail.
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Most maps are designed to display all
regions contained within their neatlines
‘'with as little relative distortion as possi-
ble, considering the various problems of
. map projection. However, there also are
requirements for maps focusing on a re-
gion of interest, but including surround-
ing areas to provide a setting for the
central region. :
The Orthographic projection, perspec-
tively prajecting the Earth from infin-
ity, with the map extending normally to
a full hemisphere centered on the region
of interest, is prabably the best known of
‘projections used for the latter require-
ments. If the General Vertical Perapec-
tive projection is used instead, with the
.viewer at an arbitrury height above the
Earth’s surface on the near or far side,
the horizon may be established at any
limit more or less than a hemisphere.
The rate at which the radial scale falls
off from the scale at the center is still

moore flexible when using a | ithmic
or other specially designed azimuthal

rojection (Hagerstrand 1967; Tobler
lﬁﬁ, 1963

). One form of a logarithmic
azimuthal has a radius :
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p=Rylnl + s2¥In (1 + sb) (1)

where p is the radial distance from the
center to a point at angular great-circle
distance z from the center, R, is the
radius of the outer circle bounding the
map, b is the map range up to 180° in
the same units as z (degrees or radians),
$ is an arbitrary constant chosen to ob-
tain the desired enlargement near the
center, and In is the natural logarithm.
As s approaches zero, the plot ap-
proaches an Azimuthal Equidistant pro-
Jection.

The above projections are artistically
appealing, 9 have been used for the-
matic studies, but they have a constant-
ly varying distance and area scale along
any radiuvs. Several new projections
have been devised with a “magnifying-
glass” effect. For the first two, the prin-
cipal properties of a well-known
projection, the Azimuthal Equidistant
or the Lambert Arimuthal Equal-Area,
respectively, are preserved for an inner
and an outer portion with an abrupt
change of scale at the boundary. For an-
other four, the inner portion is a stan-
dard azimuthal projection, but the
radial scale beyond this region is gradu-
ally reduced to zero at the chosen outer
limit. These projections relate Lo circu-

lar magni:iin glasses, but the princi-
ples may ooie related to rectangular

magnifying glasses, with somewhat
greater complexity.
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THE “MAGNIFYING.GLASS”
AZIMUTHAL EQUIDISTANT
PROJECTION

The first projection, called the “Mag-
nifying-Glass” Azimuthal Equidistant
(Figure 1), is a true Azimuthal Equidis-
tant projection within a prescribed
radius of the center. For this portion of
the map, the distance measured radially
on this map from the center of the pro-
jection to any other point is the same as
the distance on the sphere at the stated
map scale. Beyond the circle bounding
this portion, the radial scale is reduced
to a constant fraction of the stated map

scale until the outer limit of the nap is
reached. The map may inchede the en-
tire Earth. The zzimuths from center
remain correct throughout the entire
map, making the projection truiy azi-
muthal. While a true magnifying glass
hides part of the map surrounding the
enlarged region, this projection shows
the map without interruption. Due to
the sudden change in scale at the inner
limit, it is recommended that the inner
circle always be plotted.

The radial scale pattern is shown in
Figure 2. The radius providing this fea-
ture is computed as follows: Let :
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Figure 1. "Magnifying-Glass” Azimuthal Equidistant projection centered at 40° N., $0° W.
with the inner circle at 30° radius, the outer circle at 120° radivs, und the radial scale factor

&, between these circles set at 0.25.
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Figure 2. Scale fuctor as a function of distance from center for a typical “Magnifying-Glasy”

Azimuthal Equidistant projection.

C, = b {1l ~-g)+ byg, (2

Ifz= b,
p = RaiC, 3

Ifz = b,
p = Rylby(1 - g) + gs)C, 4)

where p, z, and R, are as in equation (1),
b, is the value of z for the inner map
boundary, b, is the value of z for the
outer boundary, and g,, normally less
than 1.0, is the radial scale factor be-
tween b; and b, The same units (de-
grees or radians) must be used for 2, b,
and &,, with b; < 180* and b, < b,. If g,
equals 1.0, the entire map is an ordinary
Azimuthal Equidistant projection. If g,
is greater than 1.0, the central portion is
reduced instead of enlarged. To relate
R, to the radius R of the globe,

R, =RC, &
The radius » of the inner circle,
r=Rb 6}
For a given ratio n of redii (r/R}),
G = 0, {1 - aMnlb, - BN (7}
and '
©, - byn {8
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THE “MACNIFYING-GLASS”
AZIMUTHAL EQUAL-AREA
PROJECTION

The second projection is called the
“Magnifying-Glass”™ Azimuthal Equal-
Area (Figure 8) and often is not easily
distinguishable from the first projection
for the same ranges. Its inner portion is
a truc Lambert Azimuthal Equal-Area
projection, with a constant area scale
egual to the square of the stated linear
map scale. Beyond the inner circle, the
area scale fuctor is constant at a reduced
value. Figure 2 applies to this projection
s well, except that g, becomes g,, the
reduced area scale factor, and the ordi
nate of the graph is the area scale fac-
tor, The formulas are as follows:
Let

Uy m il = (1 —goond, -
Ifzﬁibl,

P = Ryl « cos 2%,

Ifz>» bl'
px R -t~ gicos by
~ &a oo 2V, t11)
where all symbols and comments above
apply, except that g, is an area scale
factor. To compute the outer radius,

R, -2nc,

S tox bVt 1)

o

b4

83



Fiemond mMaB0an N v Bl F Bl e pP pMS s A drdh 408 W rafBY,
between the inner and outer circles set at 0.25.

For the inner-circle radius r,
r- 2R (L - cos by
For a given ratio n of radii (#R,),

=21 =-a0 - conby
{n® {cos b; N mb@“

0%

(14)

and
Cy ~ (1 = con b )"n

THE “MAGNIFYING-GLASS”
TAPERED AZIMUTHAL
PROJECTIONS

The remaining new projections of this
type for circular regions, called “Magni-
fying-Gilass” Tapered Azimuthal projec-

64

(3.0

tions, differ from the first two in that

only the inner portion of each has the =

basic property of a standard azimuthal
projection. The radial acale factor for the
outer portion gradually changes from
the radial scale factor at the outer edge .
of the inner portion to zero at the outer
circle. The scale pattern for the Azi- .
muthal Equidistant form is shown in

Figure 4, The shape of the tapering ..
curve depends both upon the spherical .
distance between b, and b, and the de-

sired spacing between their circles on
the map. These projections at first
glance may appear to be Orthographie
or another perspective view of the globe,

The Amwrican Cartographer



radial scale factor
b; = inner limit

l scole factor curve for
‘ various veolues vf ¢

limit

— artn W W e v s

0° 30°

center z = distance

80°

90° 120°

from cenler

Figure 4. Scale factor as a function of distance from center for sample “Magnifying-Ginss”

Tapered Azimuthal Equidistant projections.

depending on parameters, but the inner
portion is a true azimuthal projection of
another type.

To shorten the names, they may be
called, respectively, (I) the Tapered Azi-
muthal Equidistant (Figure 5), (I) the
Tapered Azimuthal Equal-Area, (11D
the Tapercd Stereographic, and (IV) the
Tapered Gnomonic projection. The ap-
pearance is affected rmore by the change
in limits and the relative spacing be-
tween them than by the choice of inner
projection, except for larger inner te-
gions. The property of (I) constant radial
scale, (II) constant area scale, (III) con-
formality, or (IV) straight great-circle
routes, respactively, is maintained with-
in the inner circle, but it is lost outside
this circle. Figure 4 qualitatively ap-
plies to the last three, exospt the radial
scale from the center to the inner limit
is not constant, but varies in accordance
with the particular projection, and the
tapering curve varies in shape for the
same reason. The function used for the
tapered radial scale factor A’ is as fol-
lows, if 2 > &;;

R e Al ~ Uz~ bthy - bi¥F-Y% (16)
where A is the radial scale factor at b,
for the particular inner projection, and g
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is an arbitrary constant determined
below. This integrates to give a radius
for the outer region as follows, after ap-
plying an integration constant to pro-
vide a fit between inner and outer
projections:

p=RJCOHIG -2 by - by = by

Kl - b})[(bg - })1'}':&) an
where C = G « 1h, - bp
a-up

{18}

and for the four projections, using the
Roman numerals above,

R.=RC i 19
= R C cos th,/2) §11] 120
= R Cieus® (4,2} (I 21)

= R Cleonb, iy e
G= 1y 123
= 2 Lan (b d) D 24)
= gin b, (D 26)
= gin d, cos b, 13 4] (26)

For the inner region, with z » b,,

p=Raz th 2D
« 2 R ain (2/2) (n (28)
= 2 R tan 2/2; i 29
« R tanz (V) (80)

and r is the sume as p in equations (27)
through (30) with b, substituted for z.’
Symbols R, Ry, r, p, by, b,, and 2 are pre-
viously defined. Radians must be used’
for angles in several (preferably ail) of
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*igure 3. “Magnifying-Glass” Taperad Azimutbal Equidistant project_,ion w';th the same pa-
E;mems ag Figugey 'l!:gexcwt t.hntpt;\e ratic of radii of inner to outer aircles ix 0.65, ‘

the equations (17) through (32). To ob-
tain a given ratio n of radii (/R),

g - thy = byby = b, + (1 - ImG) (81)

However, n must be less than 1 and
greater than ng, where

ng = GAG 1+ b - &) 32

If n is very near ny, the outer region has
almost no tapering, but approaches 2
constant radial scale factor, while the
inner region does not uppear fo be en.
larged. As Figure 4 shows, lower values
of g result in more rapid reduction of
scale ncar the inner cirels.
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RECTANGULAR
“MAGNIFYING-GLASS"
AZIMUTHAL PROJECTIONS

if the map is to emphasize a rectangu-
lar rather than a circular region, the six
projections may be redeveloped so that
an inner rectangle of any proportions
{such as a square) contains the standard
azimutha) projection, and the scale is
reduced to another constant or in a ta-
pered manner hetween the inner and
outer rectangles (both having the same
proportions). The outer region is also
azimuthal, but general scale relation-
ships are functions of azimuth as well as
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distance from the center. The geometry
is somewhat more complicated, but the
product may be useful (Figure 6). The
formulas arc omitted here.

GENERAL COMMENTS

To convert p in any of the above equa-
tions, or for any azimuthal projection, to
rectangular coordinates, the following
equations apply for polar, oblique, or
equatorial aspects:

x = (pisin 2} cos H Sin (A~ Ag) 33)
y - \plEin 2z} [com d, win d
~ging, cosbcos A — A (34)
where
sz = gindyaind
+ 08 &, con § cos (A~ Ky} (35}

If 2 is 0° or 180°, equations (33) and (34)
are indeterminate in this form, but x
and y are zero for z = 0°, and if z s 180°
the foint is represented by the outer cir-

or the circular projections being dis-

cle

cussed here. The origin of coardinates is
at the center of the projection at dy,
long. Ay, and the ¥ axs coineides with
the central meridian A, v increisang
northerly. The point to be plotted 15 at
lat. &, long. A. Longitude increases vast-
erly.

The principle involved in the first two
projections can be extended if desired to
the preparation of maps with three or
more steps of linear or area scale. This
principle of a fixod reduced scale cannot
be extended to the Stereographic and
Gnomonic projections, and still main-
tain conformality or straight great-cir
cle lines in the outer region.

The first two projections, however,
achieve retention of important map
properties of radial scale or area at the
same time that a sgzcial region of con-
cern i enlarged. The next four projec-
tions have a more esthetic transition

inte the outer region, but permit the

inner region to be treated with precision
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Figure 6. Rectangular “Magnifying-Glass” Tapered Azimuthal Equidistant projecti -
tered at 40° N., 90° W. with the inner rectangle extending 30" sast :nd west orffﬁﬁ.?:f;g-
north and south. The cuter rectangle extends 90° and 60", respectively. The inner rectangle
has 0.6 the plotted length and width of the outer rectangle. :
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because of definitive properties for
which tong-used azimuthals are well
known. The rectangular projections de-
scribed have corresponding propertivs.
News media frequently display a map
of & local region with an inset map of the
country or continent containing and
pinpointing the local region. The “mag-
nifying-glass” projections would often
permit the combining of the local and
general regions into one map with the
relative scales adjusted to auit. Another
potential use is at a conference held to
discuss, for example, the effects of an
earthquake or storm. In this case, one of
these new projections may be useful
both for visually locating the sites and
for determining relative distances or

areas, without shifting the atention of
the audience from one map to unother.
Because the projection range is flexible,
any of these projections may be used for
u region larger than a continent or as
small as a town surrounded by the rest
of & state or nation.
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¢ GUIDE TO USGS MAP INDEXES NOW
AVAILABLE. To provide easy access to the
thousands of new and revised topographic
and geologic maps and other types of carto-
graphic data products produced each year by
the U.8. Geologieca) Survey, USGS publishes
map indexes that are updated periodically,
Now there is & new 2-page guide to the map
indexes. The guide..available free from
NCIC offices, Public Inquiries Offices, and
the Map Distribution Center—briefly de-
seribes the contents of State indexes, State
catalogs, and State geologic maps, and the
following 12 U.S. indexes:

+ Status and Progress of Topographic

Mupping

+ Index to Orthophotoquad

« Index to National High-Altitude Photog-
raphy (NHAP I)— Leaf-off Coverage

« Index to National High-Altitude Photog-
raphy (NHAP II}—Leaf-on Coverage

+ Index 10 2 Set of One Hundred Topo-
graphic Maps Illustrating Specified Phy-
siographic Features

* Index to USGS/DMA 1:50,000-Scale, 15-
Minute Mapping

+ Index to Intermediate-Scale Mapping/

Index to County Mappini."
———t wd Do, we L

Ll b Tond W
formation
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+ Index to Small-Scale Maps of the United
States

+ Index to USGS Topographic Map Cover-
age of National Park System :

« Index to Digital Line Graphs (DLG)
From 1:24,000-Scale Maps and Digital
Elevation Model (DEM) Data .

= Index to Digital Line Graph (DL Data
in 15-Minute Formats {from 1:62,500-
scale maps)

{Source: NCIC Newslotter]

¢ GLORIA SONAR IMAGE ATLAS OF
THE WEST COAST EEZ. Unigue sonar
images of 250,000 square miles of the
water ssa floor off the West Coast of the con-
terminous United States reveal a number of
physiographic and geologic features. includ-
ing voleances, fanits, and sediment-carrying
channels. Composed of introductory material
and three data sections, the Atlag ik intended
for use by earth scientists, oceanographers,
and studenty as reconnaissance information
for planning further studies of the sea Boor.

Coplee of 1-1792, “Atlas of the Exclusive
Economic Zone, Western Conterminous
United Statan.” ate 545 00 rach

{Source: NCI(C Newsletter]

The Amarican Cartographer



