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Abstract

Technological advances and standards in web mapping services are facilitating development of an 
integrated geospatial database for the US/Mexico border.  In cooperation with HUD and SEDESOL, 
the U.S. Geological Survey and the Mexican National Institute of Statistics, Geography and 
Informatics (INEGI) are developing seamless bi-national Map services for Eagle Pass/Piedras Negras 
and El Paso/Juarez border cities. This paper presents US/Mexico collaborative efforts to assimilate 
web mapping services to support bi-national planning efforts for border cities. Vertically integrated 
federal, state, and local data are streamed from map services in Denver, Colorado and Aguascalientes, 
Mexico for public access on the web.

 Setting

The 1,950 mile (3,138 kilometer) border between the United States and Mexico encompasses a 
diversity of landscapes and cultures.  The physical setting of the region fluctuates from large desert 
environments, rangelands, unique freshwater and marine environments, and a diversity of mountains 
and forest habitats (Osborn, 1998).  Demographically the region is highly urbanized with rapid 
population growth rates due to migration (Ganster, 1998).  With the passage of the NAFTA 
agreement, proper planning in both Mexico and the US is needed to develop adequate infrastructure 
for the urban areas and to protect the natural areas. Bi-national integrated geographic databases can 
provide planners and researchers with the tools and data needed to address border problems using a 
transborder approach. In the United States, the U.S. Geological Survey (USGS) is the lead agency for 
maintaining topographic maps and base digital data for the country. In Mexico, the Instituto Nacional 
de Estadística, Geografía, y Informática (INEGI), has authority over the topographic and natural 
resources mapping and census data for the country.  Since each country has their own national 
programs and priorities, it has been a challenge to provide current cartographic and digital data for 
areas along the border.  This paper reviews the evolution of the different approaches, and discusses the 
impact of the web mapping services to provide online viewing of bi-national digital data for the US/
Mexico border.

History

As early as 1971, the USGS and the Comision de Estudios del Territorio Nacional (CETENAL) 



(CETENAL was the predecessor of INEGI) were developing procedures to exchange and integrate 
each countrys data on their national map products.  After the first agreement was formally signed in 
1974, the USGS and CETENAL exchanged mylar map separates and used photographic processes to 
produce bi-national topographic maps.  For the USGSs 1:24,000-scale series, the 1:50,000-scale 
CETENAL data was enlarged to graphically fit in spite of the scale differences. Due to differences in 
production and revision schedules, data did not always match and new features were not added.  

 

Figure 1. Integrating USGS 1:24,000-scale map with INEGI 1:50,000-scale content south of the Rio 
Grande/ Rio Bravo international border, using traditional map production processes.

The Ciudad Juarez/El  Paso pilot project began in 1994 and grew out of a need to develop a digital 
solution for integrating the bi-national data as each country began to convert to a digital process for 
map production. This pilot project focused on the six USGS 1:24,000-scale quadrangles (Strauss, NM, 
Smeltertown, Tx, El Paso, Tx, Ysleta, Tx, Yslteta, SW, Tx, and Fort Bliss, Tx.) covering El Paso and 
the INEGI 1:50,000-scale quadrangle of Ciudad Juarez. To facilitate data integration, standards 
personnel from both agencies met for a week in El Paso and Juarez to develop an attribute crosswalk 
to easily convert vector features between the two agencies. This attribute crosswalk worked best for 
the USGS because the INEGI features all had unique feature codes, whereas the USGS digital line 
graph (DLG) format provided multiple major and minor pairs. The USGS developed Arc Info AML 
software programs to translate and integrate INEGIs vector layers into DLG features. During this time 
period, INEGI was still developing their final distribution format and implementing their copyright 



restrictions. The results were used internally for map production, but were not distributed for public 
use. 

Figure 2:  Sample of the USGS/INEGI attribute crosswalk in Microsoft access format

Funding availability from the Department of Interior dramatically increased digital data production on 
the US side of the border in the late 1990s. Color infrared orthophotos were produced from aerial 
photography flown in 1995 and 1996, and used to digitally revise the hydrography, transportation, and 
boundary layers, and produce digital elevation models for the US side of the border. INEGI and the 
USGS signed another agreement in 1996 to work together to produce and exchange aerial photography 
(CIR in the US, CIR and B/W in Mexico) for the border region. The availability of raster and vector 

 



data sets in Mexico grew as INEGI increased the production of digital data along the border. 

Development of web mapping capabilities, coupled with the growth of data availability spurred the 
USGS and INEGI to revisit a proposed annex agreement to exchange and integrate digital data along 
the US/Mexico border. A provision was added to allow the display of both countrys data on Internet 
web mapping services, and to work towards a National Map integration approach, standardizing 
symbology and integrating both national and local datasets where available.  The annex was signed in 
October 2002. 

The dramatic rate of urban growth, coupled with the problems of lack of infrastructure in the colonias 
on the US side, spurred the need for bi-national urban planning data. The US Housing and Urban 
Development (HUD) agency approached the USGS in 2001 with the idea of integrating base 
cartographic data with local infrastructure data in a web mapping environment to facilitate local 
planning needs for communities along the border.  HUDs counterpart in Mexico, SEDESOL was also 
interested in using GIS to monitor urban development issues for their border cities.  Planning meetings 
were held with INEGI, USGS, HUD, and SEDESOL to discuss geographic priorities and data needs. 
The four sister city areas of Eagle Pass/Piedras Negras, Juarez/El Paso, Douglas/Agua Prieta, and 
Nogales/Nogales were chosen as the first phase of the project. Currently the USGS and INEGI are 
exchanging national and local data sets and developing public domain web mapping services for local 
use.

Technological Advances

Historically data exchange and integration methods used by USGS and INEGI have followed the 
technological advances in map production. Map production procedures evolved from manual to 
computer assisted cartographic methods. As researchers began to use GIS oriented software and data 
as tools for scientific analysis, priorities shifted towards spatial data processing and analysis. Today 
the power of GIS is becoming more mainstream with the ability to integrate relational databases to 
geospatial locations. More recently the Internet has favored the development of geographic web 
services, which has enormously increased the reach of geographic information, much beyond the 
traditional users of maps.

The Internet also has made practical the access to multiple, distributed sources of geographic 
information, taking advantage of the standard protocols for communication (the TCP-IP family of 
protocols) and common interfaces for distributed and interoperable mapping (OGC Web Services 
specifications, XML, etc). Although an explosion of Web Map Services (WMS) seems to be 
developing, it seems that not many of them are distributed, either using features linked to a single 
vendor (ArcIMS, ArcXML), or the more open, WMS specification from the Open GIS Consortium 
(OGC).

Among the efforts of the OGC for interoperability, the development of specifications for Geographic 
Web Services has become very important.  The Web Map Service (WMS) specification (OpenGIS 



Consortium, 2002) establishes an open, standard interface between one client and one or more 
compliant map servers. The main "magic" words for requesting services are: 

GetCapabilities: This request produces an XML document describing the service (map projection, 
geographic extent, types of requests and image formats), as well as a list of each layer available (name, 
extent, basic metadata).

GetMap: With it, a client can request an image, specifying the layers, extent, image size, format and 
transparency. Requesting the same spatial extent and image size and different layers from different 
servers, a single image can be obtained by adding the image sent by each server, producing a map with 
layers from multiple, distributed servers. Also one cascading server can act as a client for other 
servers, and then deliver a single map to its own client, which could be a user with an Internet browser.

GetFeatureInfo. This request asks for the attributes of a given feature in the map.

Each of these requests can be sent, together with other parameters as a part of an URL to a mapserver 
via http. The URL can be composed manually, or automatically from an HTML form or a more 
elaborated JavaScript applet.  Other programs can also act as WMS clients. One example is the 
ArcExplorer program (version 4.01, JAVA) if a OGC-WMS-WFS plugin available from ESRI is 
installed.  This allows local data files to be combined with remote layers from OGC-WMS compliant 
map servers.  

The ArcXML specification 

Data and Methods

The first USGS topographic map was produced in 1879, the same year the agency was established.  
Today the USGS produces maps at scales of 1:24,000, 1:63,360, 1:100,000, and 1:250,000.  Emerging 
geographic information systems technologies created a need for the USGS to convert many of these 
maps to digital databases, thus developing the digital line graph (DLG) standards. DLG standards were 
developed for the following vector layers: contours, hydrography, manmade features, transportation, 
miscellaneous transportation, boundaries, public land survey systems, survey control, vegetative 
features, and non-vegetative features. The 1:24,000-scale and 1:100,000-scale topographic maps series 
were used as the base to collect the DLG data.  The National Aerial Photography program supplied air 
photos for the production of the 1:12,000-scale digital orthophotos (DOQs), used to revise the 
topographic maps and digital data. To produce the DOQs, contour data was converted to a raster 
format, which began the Digital Elevation Model series. The DOQs, DEMs, and DLGS were the base 
datasets exchanged and used in the El Paso/Juarez pilot project. Today, with the focus on seamless 
digital products and the National Map concept, the USGS has developed new formats and products to 
facilitate geographic information analysis.  These include the National Elevation Dataset (NED), the 
National Hydrography Dataset (NHD), and the National Landcover Dataset (NLCD). The National 
Map concept focuses on the integration of current local datasets, many at larger scales than the 



1:24,000-scale DLG series. Thus achieving a bi-national transborder database with INEGI has become 
more complicated.

The USGS National Map strategy is to provide the United States with the most current geographic 
data. To accomplish this goal, the USGS must rely on partnerships with geographic information data 
providers at the federal, state, and local levels. The most current mission statement discusses global 
datasets, addressing the Landsat satellite coverage, and refers to the ability to integrate data along our 
Canadian and Mexican borders. Technological advances are providing the tools needed to stream 
current data from their source to the web mapping services, transparent to the user. In the case of 
Mexico, INEGI can provide links to their web mapping services for the USGS to display, instead of 
the USGS holding a copy of INEGIs data. By maintaining separate databases, the most current data 
will always be available for the users.

The main source of spatial data for México is the 1:50,000 topographic map series from INEGI. A 
topographic data set has the same geographic coverage (15 minute by 20 minute) as a paper map sheet 
or quadrangle in the same scale. These data sets contain hypsographic, hydrographic, transportation 
and other miscellaneous features, manmade or natural. The vector data is distributed as one entity, but 
separated into shapefiles or Autocad DXF files according to the theme type. Each feature has a feature 
code attribute that is defined in the data dictionary that is distributed with the data. Similar to the 
USGS, INEGI produces 2 meter resolution DOQs and 50 meter post spacing DEMS for each 1:50,000-
scale quadrangle.  Data availability can be viewed interactively at http://www.inegi.gob .mx/difusion/
espanol/figcob.html

INEGI data sets are stored in a semi-continuous topographic database in the MySQL DBMS, 
following the OpenGis Consortiumn Simple Features Specification for SQL (OpenGIS, 1999). 
Shapefiles are derived for each type of feature present. In the dbf file, a feature code (FC) is included. 
The necesary data sets to complete the map services for the initial border areas, were delivered to the 
USGS from INEGI. For each area along the border the USGS is integrating the digital line graph data 
with more current state or local source data along with the Mexican topographic data. Several map 
services have been setup in the Rocky Mountain Mapping Center (Denver, USGS facilities) using 
ArcIMS as the mapserver, and SDE as the interface to the spatial data store. Besides working in the 
normal, IMS way, (with ArcXML), an OGC-WMS connector has been installed to allow the map 
services to be accessed from non-ESRI clients, and with that, open distributed mapping is possible. 
The WMS requests that are accepted are GetCapabilities and GetMap. 

The University of Minnesota Mapserver

Steve Lime of the University of Minnesota, has developed an Open Source Web Map Server (named 
precisely Mapserver).   Programmed in C, it acts as a CGI program behind a Web-server (preferably 
Apache), and as ArcIMS, it can produce maps from shapefiles, and other sources of spatial data, 
including SDE. It is becoming very popular for Web Map Services, because of its low cost (none), its 
power, and its efficiency. It also now has the capability to work as an OGC-WMS compliant 

http://www.inegi.gob.mx/difusion/espanol/figcob.html
http://www.inegi.gob.mx/difusion/espanol/figcob.html


mapserver, a WMS client, and as a WMS cascading server. The types of requests from the OGC-
WMS specification that Mapserver can respond to are GetCapabilities, GetMap and GetFeatureInfo.

Results

As a pilot, the USGS and HUD developed a ArcIMS web mapping service for the city of Eagle Pass. 
Rapidly it was apparent that there was a strong need for data for Piedras Negras, Coahuila, Mexico, as 
this sister city to Eagle Pass has a population ten times greater than Eagle Pass and a faster growth 
rate.  Thus partnerships were developed with INEGI and SEDESOL.  To develop this site, http://
rockys20.cr.usgs.gov/maverick_colonias/initialpg.html data was integrated from the USGS, INEGI, 
US Bureau of Census, Texas StratMap, Middle Rio Grande Development Council, and City of Eagle 
Pass.   The following table shows the layers and sources.

USGS INEGI Census Tx StratMap MRGDC Eagle Pass

Landsat DOQs 2000 Block hydrography transportation Water lines

DOQs hydrography 2000 Track Colonia 
boundaries

boundaries Sewer lines

DRGs transportation     parcels   

DEMs names     schools   

Names Urban features     clinics   

  boundaries     churches   

http://rockys20.cr.usgs.gov/maverick_colonias/initialpg.html
http://rockys20.cr.usgs.gov/maverick_colonias/initialpg.html


 

Figure 3. Transportation and Hydrography layers from the USGS-HUD ArcIMS service, showing data 
integrated from the US and Mexico. 

As a second pilot, HUD chose El Paso and Juarez to test this concept for a large urban area.  The data 
availability from both the local, state, and federal sources for El  Paso and Juarez is much greater.  
Additionally the local Paso del Norte coordinating body had already integrated many  bi-national 
layers. The El Paso/Juarez ArcIMS data site can be viewed at http://rockys20.cr.usgs.gov/elpaso/
viewer.htm Data is being integrated from the USGS, INEGI, US Bureau of Census, Texas Stratmap, 
Paso del Norte (PDN), City of El Paso and the University of Texas, El Paso. 

http://rockys20.cr.usgs.gov/elpaso/viewer.htm
http://rockys20.cr.usgs.gov/elpaso/viewer.htm


Figure 4. Transportation, hydrography, colonias boundaries, and communication facilities shown in 
the El Paso and Juarez ArcIMS web mapping service. 



 

Integration of USGS and INEGI border map services.

Along the US/Mexico border, it is important for each country to maintain and hold their respective 
data, but also to provide a seamless interactive method for researchers to access the data. Currently 
INEGI is implementing this technology using a Mapserver in a Linux machine. It streams data for the 
Piedras Negras area, in shapefiles for the Mexican side of the border, and then requests the 
complementary image from the US side of the border from the USGS ArcIMS server. From the users 
browser, a single image containing information from both sides of the border appears. USGS and 
INEGI are developing cartographic guidelines to represent similar features, improving the seamless 
appearance of the maps (Figure 4 and 5). The services use the same map projection, but different 
datums. The ITRF92 datum used by INEGI and the Nad83 datum used by the USGS are offset by less 
than 10 centimeters along the border.

Figure 5.  Multi-national hydrography integrates data from two different web mapping services. At the 
center is the Rio Grande - Rio Bravo. 



Figure 6. Transportation layer added to hydrography, showing the urban areas of Eagle Pass, Texas in 
the US and Piedras Negras, Coahuila in Mexico. Compare with fig. 3 

The map services for the border are experimental but functional in the INEGI server. They should be 
extended to other areas of the border and released soon. As well, other data layers (like census, DEM) 
can be added.

Importance of using Open Standards for interoperable distributed mapping services.

As demonstrated, a joint, international distributed and interoperable map service was achieved. One 
component of the service is based in ArcIMS, and the other is based in an Open Source program, 
Mapserver.  The fact that both are compliant with the OGC WMS specification made this possible, as 
it would be with any other compliant mapserver software. Not using the OGC-WMS specification 
would imply that all the participants in a distributed map service would have to use exactly the same 
software, and depend on a single vendor.

Fortunately, support and compromise for Interoperability and Standards in its various facets (data 
formats, Web Services, Communication Protocols) is increasing among GIS software vendors (ESRI, 
2003). 

The available technology for distributed map services also makes possible the integration of more 
detailed information from local agencies (state, county, municipios), giving the final users a much 
broader range of access to spatial data without having to visit multiple, separate sites.

Importance of cooperation



The renewed spirit of cooperation, formalized by the signment and extension of the agreement, has 
made possible the physical integration of data from both countries, as well as the virtual integration 
from distributed map services as shown in this paper.

Now countries, agencies, companies and other organizations have the oportunity to share spatial data 
in an open, effective way, giving benefits to themselves, and specially to the end users of geographic 
information. 

The days of empty space in the maps in the other side of the border (when looking from either the US 
or Mexico), can be left behind. After all, the world does not stop in the border.
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