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Abstract

An atlas of Zimbabwe and the Southern African Development Community was designed and produced for use by
American diplomats in Zimbabwe. Two copies of the bound atlas are used by the Embassy of the United States of
America (U.S. Embassy) and the Mission of the U.S. Agency for International Development (USAID) in Harare,
Zimbabwe, to orient visitors and discuss matters of diplomacy and development in Zimbabwe and the Southern
African Development Community. The atlas contains maps derived from satellite images showing features of the
physical geography of Southern Africa and Zimbabwe and plastic overlays showing rivers and lakes and manmade
features, such as major roads, railroads, and cities. The atlas is an important tool that American diplomats can use
to orient participants in discussions of the environment and to develop agreements for management of the
environment in Zimbabwe and Southern Africa.

provide geospatial orientation for discussions concerning
Zimbabwe and the other 11 continental member states of

. . . . SADC.
Diplomats and others making policy and managing . .
economic development are concerned with physical, Zimbabwe is one of 12 members of SADC, a group of

political, economic, and cultural aspects of the humanStates in southern Africa promoting political stability and

. s . economic growth in the region. Eleven member states of
environment. They work within the context of regional, .
y 9 §ADC, namely Angola, Botswana, Lesotho, Malawi,

i I i | i | i h . e ! .
transnational, national, and subnational boundaries t ag\ozamblque Namibia, the Republic of South Africa,

have been imposed upon the Earth’'s surface as a spati aziland. Tanzania. Zambia. and Zimbabwe. are located
framework in which to manage the environment and human wazl , 1anzania, . 1, ! we,
activities on the continent of Africa. The twelfth member of SADC,

The Government of the United States of America(';/ﬁtﬁgt'sjés'ts;?(@;egn?g.pm:'?ﬁ?g Azlﬁ?gok”r?trrn:steiciaitt
conducts diplomatic affairs in Zimbabwe and other state z Ique. untri u

within the Southern African Development CommunitySfor 40. petrcl:eg(t) of Afr;c?ﬂs], hun:_an Sopulatl[on_, anctj
(SADC). In addition, the Government of the United States,approx'ma €ly ob percent ofthe continents exports, Imports,

through the U.S. Agency for International Developmentand total Gross National Product (UNEP, 1997). Moreover,
(USAID), infl.ue.znces the condition of the human the human population of the SADC countries, which was

environment by providing economic development assistanc%‘?’oblm'g'o?h n m'dé%%? éﬁggléggav\ﬁh exgec:)el_d tof
to Zimbabwe and other states within the SADC. In 1995 8°40'€ by he year ( ' ). With a doubling o

the USAID Mission to Zimbabwe (USAID/Zimbabwe) saw the human population in the region, human demands on the
environment and the need to properly manage that

a need to better understand the spatial relationships among . . .
vironment will increase greatly. In southern Africa, human

physical features, political boundaries, land use, an . . :
infrastructure in Zimbabwe and the part of southern Africatompetition with natural_ flora f”md other fauna for hat_ntat
and natural resources will continue to increase dramatically

that falls within the boundaries of SADC. In August 1995, ° . ) . .
USAID/Zimbabwe requested that the USGS prepare a boogu”ng the next two decades. Maps are essential to identify,
understand, and manage the interactions of humans with

of satellite image maps and other maps with line work to . L
9 P P the plants, animals, and abiotic components of the
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environment in this and other regionS of the world. maps would be produced, USGS Cartographers printed' a
raster satellite image of Zimbabwe at several different

Materials and Methods scales, ranging from 1:6,000,000 to |:1,000,000, and decided
that the best scale for the atlas would be approximately
Spatial Data Models 1:2,500,000. At this resolution, the shapes of square pixels

Two fundamentally different models are commonly usedare nearly indistinguishable and details of features are
to represent the spatial component of geographicasily visible. The satellite image base map of the SADC
information, namely the raster and vector models. Thewould be printed at approximately 1:6,000,000 to conform
raster model divides any two-dimensional space intoto the size of the Zimbabwe base maps. All transparent
regularly subdivided cells, usually square in shape, with theverlays and the base maps were to be registered to one
location of geographic objects or conditions defined by theanother in such a way that each base map and its
row and column position occupied by each cell (Aronoff, accompanying plastic overlays of other spatial information,
1993). Satellite images, recorded as raster data, are acquiresdch as major hydrographic features, transportation
by electro-optical sensors that record the intensity ofnetworks, or lines of latitude and longitude, would appear
electromagnetic radiation striking the sensor. An imageto be one map, but the base map could also be viewed
analysis system of computer hardware and software is usedgparately. For additional clarity and ease of viewing, the
it shows many picture elements, or pixels, in rows andinformation from all the overlays was also to be plotted on
columns that are consistent with the raster model. Anwhite paper, allowing features of the plastic overlays to be
image analysis system can process the data to highlightiewed with either a satellite image or the color white as
certain aspects of the land surface that were detected by thackground. A detailed design, including layout of the text
sensor onboard the satellite (Aronoff, 1993). The satelliteand location of all photographically produced maps,
image maps of this atlas are produced principally fromtransparent overlays, and maps plotted on paper, was
raster data, with some vector data. developed on sheets of 21.59- by 27.94-cm paper, in a

The other model used to represent spatial components éboseleaf binder. During production of the atlas, as decisions
geographic information is the vector model. Features of theo change production methods were made, new pages with
three-dimensional world are depicted using points, linesdesign changes replaced obsolete elements of the design.
and polygons, which are described by a coordinate reference
system that is stored in digital files. A geographic Raster Data - SADC
information system (GIS) composed of computer hardware
and software is used for manipulating the data to do spatial To create a mosaic satellite image map of SADC
analysis and create maps. Each point, line, and polygon ogountries, advanced very high resolution radiometer
the map has a unique set of coordinates, and by using a GIgAVHRR) scenes from images acquired by sensors aboard
it is possible to compose or modify a map. Spatial data caghe National Oceanic and Atmospheric Administration
be converted from vector to raster format and from raster t@atellite No. 11 (NOAA-11) during May 1992, the end of
vector format to do spatial analysis or compose maps usinghe rainy season in most of southern Africa. From 50
data compatible in one or the other of the two formats. Ifayailable scenes, approximately 30 were selected to compose
vector and raster data are used in the same map, the datagdfmosaic of the 11- country SADC region. Then, an image
each model must be registered to the data of the otheinalysis system that can process AVHRR data produced a
model so that common features coincide and features tha.fea”y cloudless, Composite satellite image of the region_
do not occupy the same space in the three-dimensional The data were geometrically rectified, using an AVHRR
world will not appear to do so on the two-dimensional map.satellite model, to correct spatial distortions of the mosaicked
(DMA, 1992). The maps of this atlas, which show boundariesaVHRR data. The corrections were accomplished by using
imposed by humans, hydrographic features, transportatiofhe hydrologic features, coastlines, and lakes from the
features, and lines of latitude and longitude, were composeggital Chart of the World (DCW) (DMA, 1992). These

solely from vector data. features of the DCW were converted from vector to raster
) format, mapped to the satellite projection, and matched to
Design of the Atlas the AVHRR images using binary edge-correlation

technigues. The image was then precision-corrected to the

The atlas was designed to meet the needs of diplomats dfiterrupted Goode Homolosine projection. This projection
the U.S. Embassy and the USAID Mission in Zimbabwe byis an equal-area projection that facilitates spatial analysis
providing spatial orientation for discussions concerningand divides the world into 12 regions that can be mosaicked
both Zimbabwe and the SADC. Maps were needed tanto a global map (Steinwand, 1994).
depict both the physical geography and manmade features Elevation data from the Global 30-Arc-Second Elevation
such as political boundaries, locations of cities, and(GTOPO 30) date set, produced and available to the public
transportation infrastructure. The maps were intended foat the USGS EROS Data Center, were added to enhance the
discussions of a strategic nature, rather than for operationahosaicked, geometrically rectified image by creating a
purposes, which would require more detailed maps. shaded-terrain color image. AVHRR data of channel 1

To determine the scale at which the satellite image bas@.58-0.68um ) and channel 2 (0.72 - 1{dm ) were
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combined in red, green, blue (R, G, B) order in the sequencom geographic to the proper projections (TM for the
of [2, 1, 1] to produce a false-color-infrared image thatZimbabwe map and Interrupted Goode Homolosine for the
showed the distribution of healthy growing vegetation. In SADC map). The data were then converted to a PostStript
this rendition, vegetation appears as shades of red, watdile and ingested into Adobe lllustratdy where image
ranges from blue to black, naturally light-toned areas appeainformation, titles, and scale bars were added. Adobe
tan to white, clouds are white, and shadows are dark. Photoshop" was used to convert the collar of the map from
vector format into a raw binary file, which was subsequently
Raster Data - Zimbabwe converted into a raster image file using Land Analysis
System software and then embedded into the satellite image
Knowing that Zimbabwe experiences annual wet anddata. The vector data were converted to raster format to
dry seasons and droughts that can decrease crop productiefpduce color positive film transparencies of the satellite
to the point where food aid is needed to prevent starvationmage maps.
American dip|0mats in Harare requested maps that would All other vector data shown in the atlas were pIotted as
show the effects of different amounts of rainfall on the Vector data on either clear Myldrplastic or paper. Data
distribution of vegetation in Zimbabwe. The following Plotted on plastic were used as overlays on the satellite
criteria were used to select AVHRR scenes that wouldMage base maps to provide geographic references of latitude
show the vegetative cover of Zimbabwe during the rainyand longitude and to show how human activity has imposed
season, at the end of the rainy season, during the drgdministrative and other boundaries and transportation
season, during an exceptionally wet year, and during ahfrastructure on the landscape. Data plotted on paper
drought year: (1) The area covered by the AVHRR scené&ontained all the data layers of the plastic overlays combined
was to include a point near the center of Zimbabives; to show interrelationships of the physical features and the
19°S latitude, 29°E longitude; (2) That point was to be neaféatures of the landscape resulting from political and
the central line of the AVHRR scene, running in an €conomic activities.
approximate|y north-to-south direction; and (3) the cloud All the vector material of the overlays was derived in the
cover in the area occupied by Zimbabwe was to be estimate§@me manner as the vector data for the base maps.
by visual inspection, as less than 1 percent. Of approximatelflydrography data were extracted from the DCW, as were
1500 AVHRR scenes meeting criterion 1, only 41 scenegopulated places and political boundaries. Because a
met criteria 2 and 3. From those 41 scenes, 4 were selectét¢neralized network was desired for roads and railroads,
to depict differences in vegetative land cover associatedhese data were extracted from the ARCWORED
with the specified rainfall conditions. Digital data files for 1:3,000,000M data set (Sweitzer, 1996). These road and
the four AVHRR scenes were obtained from the publicrailroad data were reprojected in ARC/INR@nd converted
archive of satellite images located at the USGS EROS Dattp Adobe lllustrato format. Labeling, titles, and legends
Center. were then added to complete the composition of the overlays.
The four AVHRR Zimbabwe satellite images were Line work and attribution for the land tenure and natural
geometrically corrected using the AVHRR satellite model region overlays were obtained from work done in Zimbabwe.
software to systematically register the images to a Transverskne data were combined with the legend, and titles and
Mercator (TM) projection defined by a central meridian of Polygon color fill were added to make the overlays. The
29°E and latitude of origin at 19.5°S. The images werevector data were input to a Versatec 8936L-4R plotter, and
precision corrected using the hydrological features of thePlastic and paper maps were produced measuring 66- by
DCW as the control base. The Zimbabwe images weré8.30-cm.
further enhanced by adding the elevation data to produce
shaded-terrain color images. A part of the same elevatiof’hotographic Processes
data set described for the SADC image was used. The
AVHRR data were processed in the same manner as After the digital files for the satellite image base maps
described for the SADC satellite image map to show thevere completed, the data were transferred to a laser beam
distribution of healthy, growing vegetation. However, the film-recorder instrument, MacDonald Dettwiler Associates,
relative color balance of each of the four satellite imagelnc., Color Film Image Recorder (“ColorFIRE"), and a 25-
maps of Zimbabwe was adjusted both to enhance the inhereby 25-cm positive transparency was produced for each file.
information content of each image and to equalize theThen the following procedure was carried out in the

scene-to-scene color range as much as possible. darkroom to determine the enlargement needed to print
each satellite image. An appropriate 68.6- by 49.5-cm
Vector Data plastic overlay, with plotted geospatial data to be bound

with the image in the atlas, was taped onto an easel, and the
After the raster AVHRR data of the SADC region and COlorFIRE positive transparency of the satellite image
Zimbabwe had been processed, several other steps wek&se map was placed in the carrier of the enlarger. There
necessary to Comp|ete the satellite image maps. ARCare small distortions of linework caused by mechanical
INEO® software was used to extract national boundariedlotting on plastic sheets, and there are small distortions in
from the DCW, and the boundary data were then reprojectetpatures of the satellite image base maps caused by
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optical and other factors in the photographic enlargementvas trimmed to leave a 6mm overhang on three sides of the
process. Therefore, to print each satellite image base mamap and a 13-mm overhang on the left side of the map for
the cartographer projected the image of the landmass ontbinding. Binding was done by using spacers between sheets
the line work of the plastic overlay on the easel and adjustednd sewing the transparent Myltarsheets and lamination

the enlarger, so that the satellite image map was sized to theefore gluing the bound sheets to the cover. The dimensions
necessary scale to correctly align the overlay and the basef the atlas cover are 50.8 cm high by 69.8 cm wide by 1.8
map. Then, the satellite image map was printed using &m thick, and the hard cover is Grade F Buckram 990
Durst 2506 enlarger. This print was processed using a Hopéblack) with lettering stamped in a contrasting color.

R-3 color processor and returned to the darkroom to verify

that the line work of the plastic overlay and the features ofResults

the satellite image map were closely aligned. After each

print had been properly enlarged, it was processed using a The atlas is entitled “Atlas of Zimbabwe and the Southern

Hope R-3 color processor and trimmed. African Development Community” and is composed of
five sections containing groups of maps. At the beginning
Assembly of the Atlas of each section are an index and brief descriptions of the

maps within that section.
All photographically produced maps and maps plotted Section I, “Southern African Development Community,”
on paper were laminated using a General Bindingincludes two copies of a satellite image base map (Fig. 1),
Corporation Model No. 425LM-1 laminator. The lamination each of which has a transparent overlay one showing major

B
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Figure 1 Southern African Development Community May 1992 satellite image map.
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cities, roads, and railroads, and the other showing riverg3) natural regions and provincial boundaries of Zimbabwe,
and lakes. The base map indicates the presence of vegetatiand (4) mayor cities, roads, railroads, rivers, lakes, and grid
by red and indicates relief by simulated shadows. Theor Zimbabwe (Fig. 4).

boundaries and names of the SADC countries are indicated

on the base map. Discussion

Section Il, “Zimbabwe Land Tenure, Natural Regions,
and Provincial Boundaries,” includes two copies of a satellite  The rainy season in most of southern Africa normally
image map bounded by a rectangle formed by 24°E angxtends from October through April. The satellite image
37°E longitude and 15°S and 23°S latitude. An AVHRRmap of the SADC (Fig. 1), which is a mosaic of satellite
image acquired July 6, 1990, was selected as the base manages acquired on several dates within the month of May
to show a maximum amount of cloudless landscape and ap992, depicts the distribution of vegetation in the region at
much vegetation as possible for both Zimbabwe and thghe end of the rainy season in 1992. In May 1992, relatively
surrounding countries (Fig. 3b). Transparent overlays (nofittle vegetation was detectable by AVHRR satellite images
shown) include (1) land tenure and (2) natural regions angh most of Botswana and much of Namibia and the Republic
provincial boundaries. The land tenure categories include@f South Africa. Most of the road and rail infrastructure in
are communal lands, resettlement areas, large-scale anfe region is located in the Republic of South Africa.
small-scale commercial farming areas, cities andHydrologic features include major lakes in the northeast
municipalities national parks, safari and forest areaspart of the region; that is, Lake Victoria, Lake Tanganyika,
recreational areas, and lakes. Natural regions 1 through bake Nyasa (or Malawi), and two large reservoirs, Lake
are ecological regions categorized principally by rainfall Cabora Bassa and Lake Kariba, on the Zambezi River.
and temperature, with Region | (annual rainfall > 1000Notably high and low elevations are Mt. Kilimanjaro in
mm) being in the high mountains along the border withTanzania, the Makgadikgadi Pans in Botswana, and the
Mozambique, Regions lla and Ilb (annual rainfall aroundgtosha Pan in Namibia. Many of the streams in the desert
800 mm) in Mashonalands West, Central, and East, RegioAreas of Botswana and Namibia are intermittent, whereas
Il (annual rainfall between that of Regions Il and 1V) most of the major streams and rivers throughout the rest of
principally in the Midlands, Region IV (rainfal00 mm  the SADC countries flow throughout the year.
per annum) mainly in Matabeleland and northern parts of |n Zimbabwe, national parks and safari and forest areas
Matabeleland South and Masvingo, and Region V (annuajend to be located contiguous to Zimbabwe’s national
rainfall < 200 mm) mainly in southern Matabeleland Southpoundaries, although there are some protected areas that do
and Masvingo and along the border of Zimbabwe withnot have boundaries in common with the country’s national
Zambia. boundaries. Communal lands, resettlement areas, and small-

Section Ill, “Zimbabwe Major Cities, Roads, Railways, and large-scale farming areas make up large parts of the
Rivers, Lakes, and Grid,” includes the same satellite imag@ountry. Communal lands are large tracts owned by the
base map used in Section Il and two transparent overlaygovernment of Zimbabwe, which grants right-of-use to
one showing mayor cities, roads, and railroads and theillages; resettlement areas are tracts of land occupied by
other showing rivers, lakes, and a grid of lines of latitudesettlers, who must annually renew their permits of occupation
and longitude. granted by the government of Zimbabwe.

Section IV is composed of four satellite image maps of The satellite image for the base map (Fig. 3b) of
Zimbabwe showing topographical features, vegetation, an@imbabwe was acquired on July 6, 1990, which is in the dry
parts of surrounding countries. Each map is bounded by geason. The base map of Zimbabwe shows large parts of the
rectangle formed by 24°E and 37°E longitude and 15°S ancountry colored white or blue, indicating little vegetation.
23°S latitude. The first map shows vegetative cover orRed areas in the southeastern area of Zimbabwe indicate
November 4, 1986, during the growing season in a wet yeathe presence of irrigated crops. From north to south in
(Fig 3a). The second map shows vegetative cover on July 8lozambique, the Zambezi, Save, and Limpopo Rivers are
1990, during the dry season in a dry year (Fig 3b). The thirdeen to flow from Zimbabwe to the Indian Ocean (Figs. 2,
(Fig. 3c) and fourth (Fig. 3d) maps show vegetative cover3a, 3b, 3c, 3d, and 4).
in Zimbabwe and surrounding areas at the end of the The plastic overlay of natural regions and provinces of
growing season (April 16, 1995) and in the dry season (JulZimbabwe (not shown) shows the spatial relationships
9, 1995) of a drought year. between the provinces and natural regions and their

Section V, “SADC and Zimbabwe Data from Sections | relationships to the topography and vegetation of Zimbabwe
- lll, Colored Ink on Paper,” presents information that ison July 6, 1990. On the satellite image base maps, a
also printed on the transparencies in Sections | - Ill, but irprominent geological feature, the Great Dike, is clearly
Section V the thematic information is printed on white visible running north and south, and mountain ranges are
paper, rather than on transparent plastic, to highlight theisible throughout the country (Figs. 3a, b, ¢, and d). Large
information without the background of the satellite-image dunes, associated with the Kalahari Desert, are visible in
maps. Four maps show (1) SADC major cities, roadsthe western part of Zimbabwe, just north of its southern
rivers, lakes, and grid (Fig. 2), (2) land tenure in Zimbabwe border and to the south of the western tip of Lake Kariba.
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Figure 2 Southern African Development Community map, showing major cities, roads, railroads, rivers, lakes, and a grid of |atibndé el |
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Figure 3b Zimbabwe July 6, 1990 satellite image map.



Figure 3d Zimbabwe July 9, 1995 satellite image map.
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Zimbabwe's location in a rain shadow on a relatively arid when it is compared to the satellite image maps for July 6,
plateau is indicated during a period of drought (Fig. 3c andl990, and April 16, 1995. It is notable that the sea surface
3d) by a general absence of vegetation and little vegetatiobremperatures over the central Pacific Ocean were
along the country’s eastern border, in contrast to theanomalously high in December 1994, a condition associated
widespread vegetation, indicated by a dark red color, on thevith the El Nifio event that results in diminished rains in
Mozambique side of the Zimbabwe/Mozambique border.southern Africa (USAID, 1995). As early as October 1994,
The Zambezi River was dammed along the northwest borddt was predicted, on the basis of changes in the El Nifio/
of Zimbabwe in 1959 to form Lake Kariba and in 1977 to Southern Oscillation conditions, that there was a strong
form Lake Cabora Bassa (Figs. 3a, b, ¢, d and 4). For thpossibility of a lower than average rainy season in Zimbabwe
Kariba Project, the installed hydroelectric capacity is rated(USAID, 1995). The prediction is confirmed by the satellite
at 1,500 MW, or 3 kW/hectare at the normal reservoir areamage map derived from AVHRR data acquired on July 9,
of 510 000 ha, and for the Cabora Bassa Project, th&995 and by the final Zimbabwean government estimate of
installed capacity is rated at 4,000 MW, 14 kW/hectare athe production of the country’s principal crop, maize,
the normal reservoir area of 380 000 ha (Goodland, 1990839,600 metric tons (MT), which is 55 percent less than the
Although both reservoirs are impoundments of the Zambez1.87 million MT ten-year average (USAID, 1995).
River, eutrophic (Gleick, 1991) Lake Kariba is divided by  The final section of the atlas shows that the Republic of
the international boundary of Zambia and Zimbabwe, andSouth Africa clearly has the most well developed rail and
Lake Cabora Bassa lies within Mozambique (Fig. 4). road infrastructure, followed by Zimbabwe (Fig. 2). The
The three major cities in Zimbabwe are Harare,three largest natural lakes are significant aquatic ecosystems
Bulawayo, and Mutare (Fig. 4). Both Harare and Mutarein the region defined by the SADC countries (UNEP, 1995):
are along major rail and highway corridors to Beira, a

Mozambican port on the Indian Ocean. Bulawayo, theLake Volume, kn¥ Area, knt Maximum Depth, m
second largest city in Zimbabwe is linked to Harare by railVictoria 2750 68 460 92

and mayor road. Zimbabwe has rail links to contiguousTanganyika 18 900 32 900 1471
neighbors Zambia, Botswana, South Africa, andNyasa 6141 22 490 706

Mozambique. Through Mozambique, Zimbabwe is linked
by rail and road to Malawi. As a landlocked country, These three lakes are rich with a wide range of fish
Zimbabwe is dependent upon Mozambique and South Africapecies (Victoria > 240, Tanganyika > 250, and Nyasa >
for rail links to seaports for both importation and exportation.260), and more than 80 percent of their fish species are
The vegetative cover of Zimbabwe varies greatly inendemic (UNEP, 1994). One of the great challenges in
response to seasonal and longerterm climatic changesouthern Africa is to mitigate the reduction of biodiversity
November is usually the second month of the rainy seasoand endemic species brought about by the activities of
in Zimbabwe. The satellite image map of Zimbabwe onhumans within the African Great Lakes. Cooperation among
November 4, 1986, shows distribution of vegetationcountries of the region will be necessary to protect such
throughout most of the country. The absence of red in theomponents of the environment that are held in common.
white areas, throughout the country, and blue areasTwo artificial lakes in the region, Lake Kariba (160 %m
predominately in the south, indicates little or no leafy and Lake Cabora Bassa (63 ¥riGleick, 1993) are, like
vegetation. Such areas include rock, bare soil, woodyhe large natural lakes, significant aquatic ecosystems. In
vegetation with few leaves, or very sparse green vegetatioraddition to the three large lakes and these two large
July is in the middle of the dry season in Zimbabwe. Onreservoirs, there are smaller lakes, many of which are not
July 6, 1990, relatively little rainfed vegetation is detectabledetectable with AVHRR satellite images. The three major
by satellite images (Fig. 3b). Irrigated areas are evident agvers of the region include the Orange (2100 km), which
small, red areas, particularly in the north and along thelows to the Atlantic Ocean, and the Zambezi (3500 km)
southeastern border with Mozambique. Northernand Limpopo (1800 km) (Milkman, 1983), which flow into
Mozambique remains vegetated, although during the dryhe Indian Ocean. Annual sediment discharge (millions of
season there is little vegetation in southern Mozambique.tonnes per year) has been estimated to be 17 for the Orange,
Rainfall was less than normal during the rainy seasor0 for the Zambezi, and 33 for the Limpopo.
spanning 1994 and 1995 (USAID, 1995). Consequently,
relatively little vegetation, other than irrigated cropland, Conclusions
was detectable on April 16, 1995 (Fig. 3c). Even though
Zimbabwe suffered a severe drought, Mozambique, with  production of the Atlas of Zimbabwe and the SADC
access to humid air from the Indian Ocean, continued tqyrings together remotely sensed data and other data
have widespread vegetation, as indicated by vast expansgsgyers, in the form of image maps, to present a concise
of red in the Mozambican areas of the April 16, 1995,pjcture of the differences in the abundance and
satellite image map. distribution of vegetation corresponding to seasonal and
The severity of the 1994-95 drought is evident in theannual differences in rainfall. These maps show areas
satellite image map of Zimbabwe for July 8, 1995 (Fig. 3d),where drought can be expected to have its most profound
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impacts on the human environment, which is shared withHnternational Bank for Reconstruction and Development (IBRD)/The
other species of animals and plants. Aquatic ecosystems World Bank. 1995.World Development Report 199®xford

in the region are easy to locate on the overlays of UYnVversity Press, New York.

hydrographic data and on the maps printed on whiteMilliman, J.D. and Meade, R.H. 1988/orld-Wide Delivery of River
paper. Major roads and railroads, major populated places, Sediment to the Oceand. Geol. 91(1), 1-21. InThe Water
and administrative boundaries clearly indicate imprints Egvcv)i/glgﬂf)ﬁlsi\e/?sn gﬁ;léggdméh’:” Trgfe’ F.L. and Todd, D.K.
of humans on the physical environment. These atlases ‘ ' » P S

produced to meet the needs of diplomats are useful tool§te(i;nWan.HD-R-|1994- Ma_ppi_ng rlastter i?_ﬁagelr)g to thtle I?teRrrUpttt%d
for decision makers to understand large areas of the 200C€ momolosine projection intérnationa’ .ournal of Remote
environment that are affected by their dgecisions. Sensing. Taylor and Francis, Ltd., 15 (17), 3463-3471.

In the 32-page policy statement of the U.S. StateSweitzer, J Sindre _Lan_gaas, and _Carl Folke. _1996. Lanc_i Cover and
Department entitled “Environmental Diplomacy,” Vice Population Dgnsny in the Baltic Sea Drainage Basin: A GIS
President Albert Gore, Jr. wrote that the United States “ ... DatabaseAmbio 25(3), 191-198.
foreign policy must now address a broad range of threats—United Nations Environment Programme (UNEP). 1994. The Pollution
including damage to the world’s environment—that of _Lakgs and Reservoirs. UNEP Environment Library No. 12.
transcend countries and continents and require international Nairobi, p. 8.
cooperation to solve.” As diplomats study environmentalUnited Nations Environment Programme (UNEP). 1995. Water Quality
issues in the future, they will take advantage of tools such of World River Basins. UNEP Environment Library No. 14. Nairobi,
as this atlas, which is based on satellite image data and p- 36.

other digital data and composed using geographid/nited Nations Environment Programme (UNEP). 1997. About
information systems. UNEP’s Partner, the Southern African Development Community.
eisinfo@unep.org. Last Updated: 1997-02-12. URL: http://
www.enep.org/unep/partners/regional/sadc/home.htm.
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\/ | Sixth International Conference

Remote Sensing for Marine and Coastal Environments

Charleston, SC 1-3 May 2000

Call for Papers

You are invited to attend the Sixth International
Conference on Remote Sensing for Marine and
Coastal Environments in historic Charleston,
South Carolina, 1-3 May 2000. This unique conference
focuses on applying remote sensing technologies to solve
real-world problems in marine and coastal environments.
The conference is organized by ERIM International, Inc., in
cooperation with leaders in the marine remote sensing
community.

Paper Submission

Interested contributors should submit a 250 word
summary (no figures or references) by 4 October 1999.
Your summary should include conference topic addressed.
State whether plenary or interactive poster session
presentation is preferred.

Accepted summaries received electronically can be accessed
on the World Wide Web before and after the conference.
You can submit electronically either via the submission
form available at the ERIM website or by e-mail using any
standard word processing language or ASCII text. Do not
submit to more than one address.

Electronic submissions:

E-mail: marine@erim-int.com

Website:
http://www.erim-int.com/CONF/marine/MARINE.html

ERIM/Marine Conference

P.O. Box 134008

Ann Arbor, MI 48113-4008, USA
Fax: 1-734-994-5123

lﬂ Written and faxed summaries:

Inquiries Only:
Telephone: 1-734-994-1200, ext. 3234

Please provide your complete

) N\ mail/delivery address and facsimile
Fhs number on all correspondence
oS '

Conference Topics

Natural Resource Management
* TFisheries, shellfish; and mammals
» Seagrass and kelp beds
»Coral reef assessment
¢ Wetlands, mangroves, and beaches

Coastal Applications
« Harmful algal blooms
« River and sewage plumes
* 0Oil and chemical spills

* Typhoons and hurticanes: prediction
and impact

+ Mapping coastal ecosysterns
* Climate change, sea-level rise
= Bip-optical algorithms

* Coastal ocean color

Oceanographic Processes
- Sea surface temperature
o Currents, waves, and winds
* Air/sea interaction
s “Atmospheric and ocean processes
¢ Sea ice monitoring

New Data Sources, Sensors, and
Measurement Techniques

s Satellite, airtborne; ship, in situ

. Fluorescence, lidar, hyperspectzal, radar
» Underwater optical and sonar imagirg
o Recent and new systems

* Sea floor characterization

Validation and Calibration
¢ Techniqties
* Casestudies

Data Management
» Avatlabillity; access, and archiving
¢ Integration

« Dissemination
o GIS
* Validation
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