Ethiopian Journal of Environmental Studies & Management 16(1): 74 — 87, 2023
ISSN:1998-0507 doi: https://ejesm.org/doi/v16il.6

Submitted: January 29, 2023 Accepted: March 16, 2023

THE ROLE OF TOPOGRAPHY AND LAND PRODUCTIVITY IN MILITARY
STRATEGIES: AN ANALYSIS OF THE BATTLE OF ADWA

DANIEL K. WAKTOLA
Geography/GIS Austin Community College, Austin, TX, USA
Email: daniel.waktola@austincc.edu

Abstract

Land productivity and terrain characteristics play a critical role in determining the outcome
of wars, yet this aspect is often overlooked in the academic literature on wars. This study
aims to fill this gap by developing a comprehensive framework for objectively evaluating
the factors contributing to military victories in historical battlespaces, focusing on land
attributes. The Battle of Adwa, fought between the Ethiopian and Italian armies in 1896,
was chosen as the case study. The factors identified in military literature were categorized
into three groups: defining factors such as leadership, courage, army count, and artillery,
limiting factors such as topographic variables, and reducing factors such as food
availability. To quantify the battlespace capability of the two warring armies, a weighted
scoring method was developed using historical information and environmental data.
However, due to the scarcity of past environmental data, the space-for-time substitute
technique was used to reconstruct and determine land characteristics from the 1890s. The
results of the framework showed that the Ethiopian army outperformed the Italian army in
terms of defining factors and overcoming terrain and logistic limitations. If the two armies
had fought based solely on defining factors, with similar terrain and food supply conditions,
the Italian army would have suffered more casualties than in history. This study's
methodology can be replicated in other historical wars to objectively evaluate warring
parties, which ultimately contribute to a more comprehensive understanding of the
interplay between land productivity, terrain characteristics, and military outcomes and can
contribute to advancing military and environmental history.
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Introduction The carrying capacity of the battlespace,

The topography and food supply or its ability to sustainably support human
capability of land plays a crucial role in and animal populations without impeding
military operations and must not be the fighting ability of an army, can vary
underestimated. This is evident in the with time and space and has significant
well-known quote by Napoleon Bonaparte implications for military strategy and
that "an army marches on its stomach." tactics. The study of medieval Ethiopia by
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Horvath (1969) illustrates the crucial role
of the land in determining the outcome of
military  operations. The  constant
movement of capital cities, where the
kings and armies were stationed, was
mainly due to the inability of the
environment to support a large military
force for an extended period sustainably.

Previous research on environmental
variables has focused on terrain, climate,
hydrology, and land use (Stephenson,
2003; Gautam, 2009; Galgano and Palka,
2010; Gibbes et al., 2017) but has largely
neglected the critical aspect of the
battlespace as a source of food for armies.
Historical and military literature (e.g.,
Campbell and Tritle, 2013) often depict
invading armies as being negatively
impacted by the  environmental
characteristics of the battlespace without
considering the possibility that the
invading army may arrive ahead of the
defending army. This calls for a
comprehensive framework to objectively
evaluate the land qualities of both warring
parties.

This study aims to fill these research
gaps by developing a framework for
evaluating the land qualities of both sides
in a conflict. The Battle of Adwa in 1896
between Italy and Ethiopia will serve as a
case study, where historical records and
environmental data will be used to
reconstruct topographic conditions and
assess the impact of carrying capacity on

military  strategies, operations, and
outcomes. By comparing the
environmental factors affecting both

sides, this study aims to provide a more
comprehensive and objective analysis of
the role of topography and land
productivity in military operations.
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Development of a Framework for a
Battlefield Land Carrying Capability

The success of a battle on a battlefield
is a complex phenomenon that depends on
a multitude of factors (Van Creveld, 1977;
Rotte and Schmidt, 2002; Collins, 2010;
Potholm, 2010; Fletcher et al., 2011),
including leadership, morale, firepower,
coordination, discipline, technology, and
logistics. Previous studies have shown
that these factors play a significant role in
determining the outcome of battles.

This study proposes a framework for
evaluating the carrying capacity of a
battlespace, repurposing the theoretical
framework developed for production
ecology (van Ittersum and Rabbinge,
1997). In this framework, yields result
from interactions between yield-defining,
yield-limiting, and yield-reducing factors.
Therefore, the framework for evaluating a
battlespace's carrying capacity will
consider the interplay of defining,
limiting, and reducing factors in our study
(Figure 1).

The proposed framework considers
leadership, courage, army count, and
artillery as defining factors determining
the potential for victory (Vp). These
defining factors would determine the
outcome in a hypothetical scenario where
both warring parties are fighting on
homogenous topographic positions and
receive equal food supplies. However, in a
scenario with a differential topographic
advantage, the level of victory would be
terrain-limited (Vt) and influenced by
limiting factors. In case food provision
impairs one group's military operations,
the potential victory would be further
reduced, referred to as logistic limited
(VD).
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_________________________________________________

Fig. 1: The relationships among the potential, terrain-limited, and logistics-limited victory

situations.

NB. The length of the horizontal bars of Vp, Vt, and VI correspond to the influence of each on the

level of victory.

To objectively assess the framework,
we developed the Battlespace Capability
for Military Operations (BCMO), a multi-
criteria solution based on a weighted
linear combination. The framework
assigns variable weights for the defining,
limiting, and reducing factors, with 50%,
30%, and 20%, respectively. The elements
of each factor are then scored based on
their level of impact and classified into
three simple classes: High, Medium, and
Low. The overall BCMO is calculated
using Equation 1. For limiting and
reducing factors, the classification is
based on the degree of challenges: Easy,
Moderate, and Difficult. This framework
highlights the importance of multiple
factors, including the human aspect of
warfare, material resources, and logistics,
in determining the success of a battle on a
battlefield.

BCMO = [0.5 * Defining Factors] + [0.3 *
Limiting Factors] + [0.2 * Reducing Factors]
(Equation 1).
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Data and Historical Context
Data types and sources

In our study, we delineated the
battlespace from the map of Ethiopia to
evaluate the army's footprint during the
Battle of Adwa. The study area
encompasses the battlefields, the route
between Addis Ababa (the capital city
where the emperor declared the war) and
Adwa (the final battlefield), and the
surrounding lands extending 50 km to
either side of the main route. To accurately
georeference the absolute and relative
locations described in historical accounts,
we used Google Earth Pro as a basemap.

One of the major challenges in this
study was obtaining environmental data
that reflected the conditions of the 1890s.
Like many developing countries, Ethiopia
faces a  shortage of long-term
environmental data. To overcome this
challenge, we combined historical
documents and measured data. However,
these data sources have limitations.
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Historical data is primarily descriptive and
often written by non-environmental
experts, who only briefly mention the
physical  environment. = Meanwhile,
measured data is scarce, with the longest
rainfall records available dating back only
to the 1950s. As a result, this study relied
on modified versions of recently measured
datasets.

To assess land resources, we utilized
the severity classes of land degradation in
Ethiopia (Hurni, 1988). We computed the
slopes of the battlezone using a digital
elevation model (DEM). We extracted
rainfall data from the World Bank Data
catalog and the mean annual Potential
Evapotranspiration (PET) data from
climatologylab.org/terraclimate.html
(Abatzoglou et al., 2018).

Reconstruction of the Past
Environmental Data

To recreate past environmental data
that depicts the conditions of the 1890s,
this study employed a two-pronged
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approach (Figure 2). Firstly, we utilized
current time-insensitive data, such as
relief and slope, which have changed
minimally over time, to represent the
environmental conditions during the
Ethio-Italian war. However, time-
sensitive data, such as precipitation and
potential evapotranspiration, required
adjustments to represent past conditions.

To fill the gap in past environmental
data, we employed "space-for-time
substitution" models, which assume that
spatial and temporal variations are
equivalent (Wogan and Wang, 2018;
Pickett, 1989). We mapped and analyzed
spatial patterns of environmental data
from central Ethiopia to northern Ethiopia
and used space-for-time substitution
models to estimate past environmental
conditions. In addition, we enriched the
estimated past environmental data with
information from historical  books,
memoirs, and reports.
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Fig. 2: Schematic methodological approach developed for generating pre-recoded
environmental data. PPT and PET stand for Precipitation and Potential Evapotranspiration.

To determine the severity of the
environment in the study area, we
computed a gap between supply and
demand variables. We calculated two
types of demand-supply balance, one
based on land resources and the other on
atmospheric ~ resources.  The  first
calculated the level of degradation and
demands of the army count, while the
second calculated the balance between
precipitation and potential
evapotranspiration.

78

Historical Context of the Battle of Adwa

In 18835, the Italian colonial army made
landfall at the port of Massawa and went
on to colonize Eritrea in 1890, extending
their reach as far south as Lake Hashengie
in southern Tigray by 1895 (Figure 3).
Growing tensions between Ethiopia and
Italy eventually led to a declaration of war
by Emperor Menelik in September 1895,
resulting in the Battle of Adwa on March
1, 1896. The Ethiopian army emerged
victorious, leaving 11,000 casualties on
both sides, with the Italian army suffering
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a staggering 43% loss in terms of killed,
wounded, or missing soldiers.

This battle had lasting implications, not
just for Ethiopia and Italy but also for
other African states. It solidified Ethiopian
sovereignty, reduced regional rivalries,

and inspired other African states to seek
decolonization. The outcome also resulted
in anti-government demonstrations in
Italy and ultimately led to the resignation
of Prime Minister Francesco Crispi.
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Fig. 3: Important locations of the battle of Adwa

The reasons for the Italian defeat have
been debated among historians, with some
attributing it to the skill of the Ethiopian
army and the leadership of Emperor
Menelik, while others point to
environmental factors as significant
contributors. The war lasted only five
months and comprised a few skirmishes
and three major engagements at Amba
Alage, Mekelle, and Adwa. It is
interesting to note that the Ethiopian army,
consisting of over 100,000 soldiers, relied
on locally sourced food and forage. In
comparison, the Italian army of fewer than
20,000 soldiers relied on food supplies
from Italy and India. The interplay
between land resources and the demands
placed on local sources during the war has
yet to be fully explored.
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Evaluation of the Land for Military
Operations
Terrain for military operations

The evaluation of terrain for military
operations in this study is conducted from
two primary perspectives: the impact on
troop mobility and its significance of
strategic positions.
Military mobility: The terrain
encountered by the Ethiopian army was
diverse and challenging, with obstacles
including treacherous rocky pathways and
a rugged topography interspersed with
311 rivers and 34 streams. The elevation
of the terrain in the study area ranges from
422 m to 4,112 m above sea level, as
depicted in figures 4 and 5, and the
Ethiopian army's journey covered over
1,000 km. This rugged topography posed
significant challenges to the mobility of
both armies, with the Ethiopian army
especially suffering due to the long
distance travelled.
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Fig. 5: The increasing gradient of slope
angles across the journey to Adwa.

Terrain-based Military Strategies: The
battles between Ethiopia and Italy were
greatly influenced by the topography of
the areas in which they took place. Three
key encounters occurred at Amba Alage,
Mekelle, and Adwa.

Amba Alage, located in Southern
Tigray, was the site of a significant battle
on December 7, 1895. The location,
elevated at 3,949 m.a.s.l., is characterized
by a steep escarpment that dominated the
roadway from Maychew to Mekelle.
During the battle, an Ethiopian army led
by Ras Makonnen defeated an Italian
column of 2,350 men led by Major
Toselli, marking the first time soldiers
from the north and south of Ethiopia
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fought side by side. As described by Jonas
(2011), the Ethiopian victory at Amba
Alage showed that the Italians could be
defeated decisively, despite facing
difficult terrain and a well-entrenched
Italian army.

Mekelle, the capital of Tigray province
and elevated at 2,254 m.a.s.l., was chosen
by the Italians as a key point to slow the
northward progress of the Ethiopian army.
The Italians fortified their defense with a
70 m long wall, converted the Enda Yesus
church into an ammunition depot, and dug
deep trenches. The Ethiopian army
suffered heavy losses during their initial
attack Empress Taytu called off the
ineffective assault on the fort and advised
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the army to capture the Italian water
supply (Prouty, 1986), which
implemented a siege tactic, ultimately
leading to the peaceful retreat of the
Italian forces after 43 days.

Adwa, a town located in northern
Ethiopia with an elevation of 1,907 meters
above sea level, was the site of a decisive
battle on March 1, 1896. The Italian army,
consisting of four brigades, attempted a
surprise attack but was defeated by the
Ethiopian army led by Emperor Menelik
II. The Italian casualties were high, with
approximately 6,000 killed, 1,500
wounded, and 3,000 taken as prisoners,
while the Ethiopian casualties were
estimated at 7,000 killed and 10,000
wounded. The Italian army had fortified
their position around Mount Enticho, but
their ~ "provocative  advance"  and
"aggressive movement" ultimately led to
their defeat.

Evaluation of Land Supplies

The Evaluation of Land Supplies in this
study focuses on analyzing the availability
of essential resources such as food, water,
and animal feed on the battlefield. Unlike
in ancient times, where access to fertile
land was critical for military success,
modern-day military campaigns often
source supplies from beyond the
battlefield.

Northern Ethiopia, known for its rich
history and ancient civilization, has
suffered severe land degradation due to
centuries of foreign invasions and wars,
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especially regarding wood scarcity
(Bruce, 1804; Shepherd, 1868). This
degradation has reduced the land's
productivity and resulted in inadequate
food provision for the army. During the
campaign to Adwa, soldiers were advised
to bring food supplies that would last for
20 days (Tegenu, 1998), consisting of
non-perishable items like dried meat,
flour, bread, and chickpeas. However, the
campaign lasted for more than five
months.

Precipitation is a key factor in the
quality of the battlefield, particularly in
regions where rainfed agriculture is
prevalent. The declining northward trend
of precipitation on the battlefield
coincides with a decline in food supply
(Figure 6). The severity of land
degradation varies across the battlefield,
with a higher intensity observed as one
moves from Addis Ababa to Adwa (Figure
7). This trend is exacerbated by the change
in agro-climate from a cool tropical
climate to a hot and arid one (Figure 8).
The combination of inadequate food
rations, intensifying land degradation,
diminishing precipitation, and a drying
climate region presents a significant
challenge for the Ethiopian army.

Food supply also impacted the army's
planning, with campaigns launched after
the rainy season to take advantage of
abundant grass for animals and pitches in
areas with plentiful grass and water
resources (Tegenu, 1998).



Ethiopian Journal of Environmental Studies and Management Volume 16 No.1, 2023

14°

12°

(<2

°
w

Gradient of Raimfall
ERITREX
St GRS Adira

U

& ;; TIGRAY
Mekelle

BEGEMDER

GoJAaM

WELLEGXR

* Towns
=& Tour to Adwa
Rainfall (mm)

< 600

600 - 900
I go1 - 1,100
B 101 - 1,300
W ;50 - 1,475

38°

| Lewels of Land Degradation
/ \ ERITREA
/'/ \ —
/ \ Adigra
i | Adwa TIGRA
N / % /-r‘
N < Mekelle
BEGEMDER Forem|
2, WOLLO
GOJAM Desste
Were IlliL
& WELLEGA
SHOWA
=== Route to Adwa (
Extreme (51-80%) ‘Addis Ababa
High (41-50%)
Medium (20-40%) 8 Dancel KW
f 0 2021
. [ siight (<20428o L -

Fig. 6: Diminishing patterns of precipitation
across the journey to Adwa.

Fig. 7: Increasing severity of land degradation

across the journey to Adwa.
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Emperor Menelik's decision to launch a
campaign was influenced by the
rinderpest-induced famine (Pankhurst,
1968) that had caused a food shortage and
the conclusion of the crop harvest season,
which provided an opportunity to fill
granaries. Menelik ordered food depots
along the march route, but they were
reserved for the nobility (McLachlan,
2011). The Ethiopian soldiers were
adequately provided with food for the first
two months of the journey and only
resorted to foraging as the journey
progressed (Ali, 1998).

On the other hand, the Italian army had
a manageable food supply situation,
obtaining supplies shipped directly from
Italy and India except for a few
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disruptions, such as during the Mekelle
siege and at Adwa. This shortage
impacted the military strategies of both
sides, with neither Emperor Menelik nor
General Baratieri willing to leave their
fortress for fear of jeopardizing their
safety.
Evaluation of Land Demands

The evaluation of land demands in this
research focuses on the armies' food,
water, and forage needs. One important
factor to consider is  Potential
Evapotranspiration (PET), which gauges
the atmospheric demand for moisture
from various sources, including soil,
leaves, and even human and animal
bodies. As seen in figure 9, the PET
magnitudes increase along the route to
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Adwa, adding to the difficulties caused by
declining precipitation patterns, as
depicted in Figure 10.

According to McLachlan (2011), the
Ethiopian army relied heavily on foraging
for sustenance during the Adwa campaign.
This five-month, 1,010 km long march
was a major challenge, comparable only to
Napoleon's Russian campaign. As noted
by Berkeley (1902), the Ethiopian army

appeared more like a migration, with
many soldiers bringing along their
families. The army size grew continuously
as more army chiefs joined the emperor.
By the time the army reached Adwa, the
number of fighters and non-combatants
had exceeded 100,000, putting immense
pressure on the local resources. Figure 11
shows the increasing army count over the
134-day journey.
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Fig. 10: Increasing PET
across the journey to Adwa.

Fig. 11: Increasing count of
the Ethiopian army across
the journey to Adwa.

Fig. 12: Increasing duration
of the army in the camps
across the journey to Adwa.

During the journey, the Ethiopian army
made stops at various locations, staying
for varying lengths of time. The local
population was expected to provide food
and resources as gifts, a custom called
"foraging." Figure 12 illustrates the army's
increasing duration of stays at each
location, along with the corresponding
decline in resource availability.
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The army's demand for food and
resources was proportional to the speed of
their march. However, the Ethiopian
army's pace was relatively slow, allowing
for a substantial collection of tribute in the
form of livestock, grain, and drink. This
slow pace was intentional, as the army
believed that a quicker march would lead
to the thinning of the livestock and
exhaustion of the army. Unfortunately, as
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the army approached Adwa, some soldiers
engaged in looting and pillaging, causing
conflicts with local communities. This put

immense stress on the communities along
the route to Adwa, leading to the "tragedy
of proximity."

Table 1. Results of the Comparative Land Capability Assessment for Military Operation

Ethiopia Italy Sum
Levels Attributes
Measure Score Measure Score ETH Italy
Leadership High 3 Medium 2 1.5 1
Courage High 3 Low 1 1.5 0.5
Defining Factors Army count High 3 Low 1 1.5 0.5
Artillery High 3 Medium 2 1.5 1
Army Mobility Difficult 1 Medium 2 0.3 0.6
Limiting Factors
Geo-Strategies Difficult 1 Easy 3 0.3 0.9
Reducing Factor Food Availability Difficult 1 Easy 3 0.2 0.9
Sum 6.8 5.1

NB: For leadership attributes, Ethiopia was assigned a high rating due to its demonstrated ability
to overcome terrain limitations and food shortages and the strong leadership demonstrated in these
challenges. On the other hand, Italy received a medium rating due to the lack of creative tactics
demonstrated by its well-trained and experienced generals in a historical context. The ratings for
courage, army size, mobility, geostrategic positioning, and food availability were based on the
information outlined in previous sections. In terms of artillery, Emperor Menelik had a formidable
arsenal of over 10,000 weapons compared to the 14,519 rifles in possession of the Italian army.
The Ethiopian artillery was also superior, with a range of 4,900 yards compared to the 4,200 yards

of the Italian guns.

Summary and Conclusion

The theoretical framework for the
battlespace carrying capacity includes
three victory scenarios - Potential Victory
(Pv), Terrain-Limited Victory (Vt), and
Logistics-Limited Victory (VI1). While
there were no technological differences in
weapons between the two armies,
Emperor Menelik's exceptional
leadership, bravery, and exceeding army
count contributed to the exceptionally
higher Pv for the Ethiopian side.

85

An examination at the level of the
limiting factors showed that the Italians
benefited from their topographic and
logistical advantages. The supply-demand
analysis of the battlefields showed a
significant environmental stress gap
between the two armies, with the large
size of the Ethiopian army requiring a
significant food supply. However, the
Ethiopian army substantially narrowed the
gaps in both limiting factors.
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The overall comparative assessment
suggests that if the two armies were
compared based solely on the defining
factors, assuming similar terrain and food
supply conditions, the Italian army would
have suffered more casualties than in
history. The Ethiopian army's strong
defining factor overcame both the terrain
and logistics limitations.

In a nutshell, analysis of the battle of
Adwa as a case study highlights that the
battle's outcome was determined by the
combination of leadership, troop count,
courage, weaponry, topography, and land
productivity. Further research using field-
based quantified data is necessary to
validate these findings and provide a
deeper understanding of the impact of
environmental factors on  military
campaigns.
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