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"Terrain visualization is the responsibility of commanders and staffs across the spectrum of today's Army. To 
effectively see the impact that terrain has on units conducting and supporting military operations, all commanders and 
staffs must be aware of the effects of terrain . 111e terrain expert is the engineer:" 

Major General Robert B. Flowers 
Commandant, U.S. Army Eng ineer Scho ol 

I t is the .responsibility of engineers 
to advise leaders of the effects that 
terrain may ha ve on unit operations. 

The U.S. Anny Engineer School offers 
valuable trainin g in under standing these 
effects and the tools that are available to 
analyze terrain . Among these tools is the 
PC-based TerraBase II, version 3, which 
performs terrain-ev aluation function s 
such as line-of-sight displays, weapons 
fans , slopes, oblique and perspective 
views , fly-throughs, sunli ght/moonlight 
data, and distance measurements . Army 
topographic units have the Di gital 
Topographic Support System (DTSS). 
Engine e r terrain- analy si s teams 
(military occupational specialty 81T) use 
th e DTSS to provide Geosp atial 
Information and Ser vices (GIS) support. 
The terrain teams are the critical support 
c lement for terrain complex analys is in 
support of the military decision-making 
process (MDMP). The terra in teams are 
currently allocated down to each division 
in the Arm y. In the digital force, the 
DTSS has a much-expanded role that 
includes digital terrain data manage­
ment and d isseminatio n. In the 
expanded role , terrain teams and equip ­
ment are allocated to each maneuver 
brigade. 

Hi gh-end GIS tools like the DTSS 
combine remotely sensed data , 
conve ntional g ro u nd s urv eys , and 
cartography on various computer-based 
sys te ms . Th e Arm y' s GIS , w hi ch 
continues to evolve, relates real-world 
positional data from the battlefield to 
positions on a known grid reference so 
that attributes such as slope, vegetation, 
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and bridge capacity may be analyzed. The 
GIS databases can be ac cessed , 
manipulated , and tran sformed in a n 
interactive process that allows com­
manders. decision makers, and planners 
to explore the battlefield and obtain the 
range of consequences of a plan before 
mistakes are irrevocably made. 

For the majority of units in the Arm y 
' 

Re serve Component, acce ss to the 
benefits of GIS may seem out of reach . 
However, this capability to move from 
acetate and grease pencil s to a computer­
maintained , digital spatial-managem ent 
system is within our grasp today. 

Advantages 

T he potential advantage s of the 
GIS go beyond just vie wing 
terrain information. By using 

spatial data from a varie ty of sources, 
GIS programs can reduce analysis time, 
simplify complex decisions, and reduc e 
the time on the obj ective for recon­
nai ssance teams. GIS data layers afford 
additi onal functionality in expediting 
various decision matri xes required by 
staff elements. As an exampl e , the se 
programs could support obstacle-plan 
de vel opm ent , route reconnai ssance , 
force protection , and other tactical 
operati ons. 

Another benefit of the GIS is its 
ability to e va luate all avail abl e data 
(including elevation), which increases 
the potential to provide spatial decision 
criterion to comm anders. Additional 
data can be incorporated into the GIS 
database to allow more accurate analysis 
at tactical operations centers. 

Integrating administrative data layers 
with the tactical requirements of 
maneuver commanders is a concept 
worth testing. The Integrated Training 
Area Manag ement (lTA M) program has 
already e stabli shed an exp erienced 
operator base with the equipment to 
apply GIS to environmental, facility, and 
tr aining-site management . M ost 
installations already have ArcView? to 

an alyze data layers for their training 
areas. Through lTAM . active and reserve 
installations can provide spatial-analysis 
sys tems to maneu ver commanders 
wanting to expand th eir battlefield­
analysis capabilities . 

Testing the System 

T he Minnesota Army National 
Guard at Camp Ripley has one 
of the m ost ad vance d GIS 

databases in the Army National Guard. 
Personnel there have created more than 
75 data layers to better support trainin g­
site personnel. During its 1999 annual 
training at Camp Ripley, th e 164th 
Eng ineer Battali on (C)(M) from Minot, 
North Dakota, used a Mississippi River 
crossing operation co nducted by its 
957th Engineer Company (Assault Float 
Bridge) from Bismarc k, North Dakota, 
to develop and test the concept of using 
administrative GIS data layers to support 
ta cti cal operatio ns . Camp Riple y ' s 
hardware, software, and personnel were 
used to develop this exercise. Using Field 
Manual (FM) 90- 13, River-Crossing 
Op eration s , as a reference , battalion 
personn el identified data necessary to 
determine th e best cross ing sites. 
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Pe rti nen t eva luatio n in for ma tion for 
river cros sings incl udes slop es, soi l 
type s , riv er width and dep th , curre nt 
velocity, vegetation cover, obstacles, and 
the enemy situation. 

Workin g with the Minn esota Army 
Natio nal Guard C IS s taff. 164 th 
personnel reviewed existing data layers 
to determine the support data that was 
avai lable for developing a river-crossing 
scenario, using the analytica l Arc v iew" 
capab iliti es wi th the sp at ia l-a na ly st 
ex tension. We found that most of the 
evalua tion inf orma tion needed wa s 
ava ila ble within ex is ting data laye rs 
obtained through remote sensing. Whi le 
the capability to determine water depth 
and cu rren t velocity is curr ently not 
ava ilable, software is constantly being 
impro ved to obtain these variables based 
on factors such as drainage basins , slope, 
and discharge of the river. 

F igure I shows a layout for the river­
crossing exercise that was produced by 
usi ng the GIS . It dep icts the corridor 
co ns ide re d for r iver- cros sing s ite 
anal ysis- a 3-ki lorneter bu ffer of the 
main river channel adj acent to Camp 
Ripl ey training sites. This buffer defines 
the area to which analysis pro gram s will 
be limited . While the entire area could 
u nde rgo ana ly s is , th is buffer area 
reduces ana lysi s time and represent s all 
possible cross ing sites . 

The second analysis phase involved 
de ve loping crossi ng-s ite eva luation 
criter io n . We app li ed a s uitabil i ty 
an alysi s me thod that comb ined slope, 
taken from a di gi tal e levation model 
(OEM), and soil texture data to evaluate 
areas along the entrance and exit banks 
that met FM 90-13 requirem ents. Figure 
2 shows the te rrain-ra ti ng layer, the 
resultant data layer of this analysis. 

From the terrain-rating data layer, the 
best river-c rossing sites were visually 
ide nti fi ed . Other potentia l anal ys is 
requirem ents for s ite se lec tion wer e 
identified also, such as river width, road 
netw ork s, cover and concea lment, and 
salients in the river course . 

River w idth was taken from satellite 
data provided by the Na tional Imagery 
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Figure 1. The corridor outlined in black depicts the area considered 
for river-crossing site analysis; this area is a 3-kilometer buffer of the 
main river channels adjacent to Camp Riley training lands. 

Figure 2: This terrain-rati ng layer, created from slope and soil-texture 
data, was used to evaluate the area along the entrance and exit banks 
that met slope and soil requirements . The circled areas were consid­
ered potential crossing sites. 

Mappi ng Agency. Road networks, wh ich wea ther , and id ent if ie s what we 
def ine how we ll a site ca n support a determi ned to be the best river-crossing 
maneuv er-unit cros sing, and cover and site. Analyzing da ta layers using the GIS 
cros sing area . Figure 3, page 36, depicts may never comple tely replace the need 
the area o f operation and captures all of for ground reconnaissance, but it ca n 
thi s data . wi th the ex ce ption o r the reduce the time spent at the site. 
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Figure 3. Road networks, lakes, rivers, wetland~ , and w~od­
lands were used to individually evaluate potential crossing 
sites. This is a close-up view of the southernmost potential 
crossing site. 

Other hel pful information used in 
determining risks was obtained thr ough 
DEMs . T his incl ude d lin e- of- site 
analysis, which enabled us to determine 
where the brid ge site wa s exposed to 
enemy direct fire and to identify enemy 
posi tion s in defil ade on the oppos ite 
sho re. Once enemy emplaceme nts of 
artill ery and mortar were kno wn , the 
artillery ran ge could be overlaid on the 
project location usin g the GIS program. 
We used this tool to determine whether 
our crossing site came under indirect fire 
fr om kn own enemy d ivi sional and 
regimental artillery groups. OUfselected 
site was out of the effective range of the 
regimental artill ery group but within the 
divisional art illery gro up ran ge . Our 
friendl y fire support a lso could have 
been includ ed as a dat a layer to 
determine the direct- and indirect-fire­
support coverage we could expect. 

Especially crucial to the success of this 
test was having the proper requirements 
in place. such as a we ll-defined oper­
ational scope, appropriate hardware and 
software, a GIS-competent operator, and 
a resident database. 

T
Conclusion 

he De puty Chief of St aff for 
Op eration s ha s org aniz e d 
regi on al suppor t ce nte rs to 

p ro vid e a consis te n t da ta ba se fo r 

trai ning -site manag ement. It co ntains 
"core" data layers that are also conducive 
to tactical operations, With the addi tion 
of layers and modifications provided by 
analyses of other units, man y different 
tactical scenarios can be "played" using 
existing GIS opera tions . Terr aB ase II 
provides terr ain- evaluation tools based 
on elevation data, digital imagery data, 
and digital map data. For more complex 
analys is requirernents , an interactive 
GIS pro gram like ArcView? ca n help 
maneuver commanders benefit from GIS 
even if the DTSS has not been fielded to 
their unit s. W 

Lieutenant Colonel Rensema is a War 
Co llege Fello w a t th e A rmy 
Environ m ental Poli cy lnstitute in 
Atlanta, Georg ia. H e p rev iousl y 
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1943, the peak year of training at Fort 
Leonard Wood . Th e interior of one of 
each type of building has been restored. 
Al so , th e interior of one barracks 
building has been restored to interpret 
ba sic training ba rrack s in 1967 . This 
Cold War int erpret ati on dr amatically 
illustrates the adaptive reuse of World 
War II temp orary build ings to support 
the training b oom o f th e Vietnam 
conflict. 

Other rest ored buildin gs in the 
complex hou se a va rie ty of ex hibits 
supporting the history of For t Leonard 
Wood. One restored dayroom has a display 
dealing with the life and career of MG 
Le on ard Woo d , th e in st all ati on' s 
namesake. In another restored barracks 
is an interpretation of the German and 
Itali an prisoner-of-war ca mp, which 
operated at Fort Leonard Wood from 1943 
to 1946. The most recent addition to this 
area is a historic chapel. By preserving 
this collection of World War II buildings, 

I	 Fort Leo nard Wood has created a time 
cap sule of the history of the train ing 
experience from 1941 to the present. 

Regimental Store 

JLoc ated in the lobby o f th e 
museum, the Regim ental Store 

, (which is operated by the Army 
Engineer Association) offers a un ique 
lin e of gifts. Merchandise primarily 
features engineer regimental cres ts and 
the engineer cast le. Proceeds fro m the 
store help support the adjacent engineer 
Reg imental Room. Steeped in engineer 
history, the Regimental Room proudly 
displa ys colors and spe cial plaqu es of 
deactivated engineer unit s. 

Com e and v is it yo ur Eng in eer 
Mu seum . III 

MI: Combs is the Engineer Museum 
curator. 

Located at the com er of South Dakota 
and Nebraska Avenues, the museum is 
open to the public, free of charge, from 
1000 to 1600, Monday through Saturday. 
The telephone number is (573) 596-0780 
(DSN 581-0780), the e-mail address is 
combsk@wood.anny.mil, and the web site 

is wwt\l, \voOd. anny.m il/museu~. . ..1 
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