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distinguished: landscape fragmentation. A summary
of the categories is shown in Fig. 1 and called
hereafter “systemic impacts” or “systemic effects” and
are explained next.

1. Hydrological connectivity groups all those
effects resulting from interference in the
natural connections between surface water
bodies;

2. Surface drainage involves all changes in
the direction, quantity, or temporality of the
natural course of rainwater running on the
surface (including temporary or permanent
modifications to water course);-

3. Underground flow or hydraulic conductivity
refers to those effects that relate to the natural
flow of groundwater, modification of soil
infiltration conditions, aquifers recharge, and
exchange with surface water;

4. Ecological connectivity means changes
in functional or structural aspects of the
ecosystem, both freshwater and terrestrial
ecosystems; lastly,

5. Landscape fragmentation encompasses all
changes and outcomes of the establishment
of physical barriers in the form of roadworks
and also the transformations that an access
road allows, such as a natural area becoming
an area of agricultural production or tourism

2.2. Evaluation matrix

The five systemic impacts assess each selected
case study. Each case was rated against each of
the systemic impacts on a scale from one to four.
One (1, red) means no considerations of systemic
impacts, and four (4, green) means that impacts and
management measures consider systemic effects and
outline or discuss implications at the regional level.
Table 1 shows the details of the evaluation criteria.

We consulted the dossiers available in the
online documentation centers of the Caribbean
Regional Environmental Authorities, the National
Authority for Environmental Licenses (ANLA)
and the National Infrastructure Agency (ANI). The
selection criteria were: to have been produced in
the last five years (to have a uniform regulatory
framework); and to contain at least one case from
each department in the Colombian Caribbean
(to better represent a regional view). A total of
eight (8) files of environmental licenses awarded
to road projects were selected. The locations and
descriptions of the projects considered are provided
in Fig. 2 and Table 2 respectively.

These projects encompass the construction of
road segments or bypasses between 2015 and 2017
that ranged from 5.3 km to 20.16 km in length.
Road projects listed in the table as 1, 2, 3, and 8 are

tland
> Alteration > Alteration in >Variations in > Effect on the >Changes in
of flow surface flow infiltration vegetation of the visual
dynamics regimes capacity and the ecosystem quality of the
passage landscape
. between > :
>Dr‘y|ng up of nterruptlon
swamps » Pollution of Zigace water of material >Edge and
water bodies and energy barrier effect
groundwater o
> Alterations i
: > Modification Soil | »Changes in
In water of surface Soil foss > Alteration in the use of land
quality runoff through erosion the
. reprodgctive »Generation of
» Alteration in >Flooding due > Alteration in ST conflicts with
sediment to road aquifer communities
and nutrient breakage fezelbee > Affecting the
dynamics capacity faunain its
natural
» Alteration of development
the water table area
Fi, ; EIAs

Source: authors



César Cardona-Almeida et al. / Bulletin of Geography. Socio-economic Series / 57 (2022): 169-183

173

Table 1. Evaluation Criteria

Does not list any impact related to the systemic effect.

measures.

Lists at least one impact related to the systemic effect but fails to outline mitigation

Lists impacts related to the systemic effect and outlines mitigation measures for the

area of influence of the project. Does not consider effects at the regional scale.

Lists impacts related to the systemic effect and outlines mitigation measures for the

area of influence of the project. Also considers or discusses effects at the regional

scale.

Source: authors

environments. Road projects listed as 4, 5, and 7 are
located in tropical dry forest environments, while
project 6 fell within both ecosystems.

2.3. Study Area

The Colombian Caribbean is the northernmost
natural continental region of Colombia, with
a land area of 132,244 km’ that accounts for
11.6% of Colombian’s continental territory. This
research’s study area is limited to departments in
the Colombian Caribbean region (Fig. 2).

The continental Caribbean plain is dominant in
the region and is framed by the Andean Mountain
range’s foothills to the south and east and the
Caribbean Sea to the north and west. The Sierra
Nevada de Santa Marta stands out in this region
with snow-capped peaks at 5,775 m at less than 50
linear kilometers from the coast. The Caribbean
hydrographic region accounts for 82% of swamps
nationwide (Meisel-Roca & Pérez-Valbuena, 2008).
There are 185 priority areas for the conservation
of 24 types of ecosystems, including mangroves,
fresh and salt coastal lagoons, marshes, coral
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reefs, seagrass meadows, moors, high-mountain
wet forests, freshwater swamp forests, tropical dry
forests, and natural and transformed savannas
(Aldana-Dominguez, 2014). The ecosystem services
directly favor 20.43% (9.86 million inhabitants) of
the Colombian population that inhabits this region.

Comparative analysis of roads in 1970 and 2015
from the Human Spatial Footprint study by the
Alexander Von Humboldt Institute (Correa Ayram
et al,, 2020) found that the road density in the 1970s
is estimated at 53 m/km* - from a total of 7,000
km of roads, as compared to 692 m/km? in 2015.
This indicates an approximate increase of 1,300%

(Fig. 3).

3. Results

The significant impacts and management measures
undertaken for each EIA case are presented in Table
2. The features vary from socio-economic impacts,
wildlife roadkill, contamination of water bodies,

and, most recurring, modifications of plant cover.
The results of assessing the road projects’ EIAs, in
terms of the extent to which they considered the
systemic impacts proposed herein, are presented
with a visual aid, being color-coded in Table 3.
Averages by column show how some systemic effects
are considered more than others. The averages
by row give an idea of which EIA is closer to the
integrality and wideness of the evaluation proposed
and synthesized by Table 1.

Hydrological connectivity scored the most on
average (3.1/4.0). Cases 4, 5, 6, and 7, with a rating
of 3, presented impacts related to this systemic
effect, but the measures focus on compensation
and mitigation concerning liquid waste, building
materials, and drainage structures management.
These were tropical dry forest areas without large
water bodies. Cases 8 and 2 (located in wetland
systems) prioritized measures such as liquid waste
management and crossings structures over water
bodies. However, no specific mention was made
or study done of the impacts on flow dynamics.
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Table 3. Assessment of EIAs against systemic effects

Road Project (Key | Hydrological Hydraulic Alteration of | Landscape Ecological Average
name) connectivity | conductivity | surface runoff | Fragmentation | Connectivity g
1 Lorica bypass 3 3 3 2,8

Ciénaga Caribbean
highway bypass

2

Tolu- Pita Abajo- El
pueblito highway.

La Prosperidad
highway

Carmen de Bolivar,

bypass

San Diego - La Paz,
bypass.

Concession Caribbean
section 5-6. highway

o0

San Carlos bypass 3

Averages 3.1

Source: authors

It is expected that altered water flow and current-
carried sediments will affect the water balance due
to flow dynamics (Keesstra et al., 2018). Changes
in the natural water balance and equilibrium are
particularly relevant in such cases (Golden et al,,
2014; Jaramillo et al., 2018; Raiter et al., 2018). One
of the main consequences in these systems can be
the subsequent modification of sediment dynamics
and changes in the landscape (Bracken et al., 2013),
and wetlands desiccation (Saaltink et al., 2018).

In cases 2 and 3, despite these projects being
located in areas rich in water bodies, the efforts
provided therein aim at minor drainage works
for the currents to pass from one side to another,
without further analyzing impacts on a larger scale.
Specifically, case 2 mentions the use of sediment
containment barriers, awning fences or plant
covers, protection barriers for water bodies during
the construction of piles of the viaduct, given the
history of the sediment that the Magdalena River
drags to its outlets. Furthermore, therein are listed
energy dissipation works and lateral protection walls
(gabion walls) that prevent subsidence in the banks.

The systemic effect rated the lowest (1.5/4.0)
was Hydraulic conductivity, which involves
exchanges with groundwater or the flow dynamics
connections and transfers of underground flows
through a porous medium. The Environmental
Management Guidelines for Road Infrastructure
Projects (EMGRIP) (INVIAS, 2011) forbid the

dumping of roadwork water in rivers and aquifers
headwaters and encourage measures to protect
wells or reservoirs from pollution and groundwater
quality monitoring. This systemic effect was rated
poorly in the case studies, since the corresponding
management measures are unclear regarding
maintaining infiltration capacity. Case 5 is located
in a tropical dry forest ecosystem and has a
weighting of 3, and management measures are
associated with mitigating alterations of aquifers’
quality. Despite the little attention to this systemic
impact, frequent changes in soil use, compaction, or
waterproofing may modify underground runoft and
infiltration patterns, while exchanges with surface
water, pollution, and water quality and soil erosion
do not go unaltered (Thompson et al., 2008).

The third studied systemic impact in the case
studies, Superficial runoff, was somewhat related
to soil use changes. The changes in surface runoft
will consequently alter flow patterns and natural
water balance by reducing infiltration (Bunn &
Arthington, 2002). Only two projects — 1 and 5 -
provided some management measures for this type
of alteration, hence their weighting of 3. These are
hydraulic drainage works for conducting rainwater
and preventing the dragging of particulate matter
to water bodies. The EMGRIP and the Drainage
Manual for Roads (INVIAS, 2009) promote using
drainage and underdrainage works so that the road’s
operation is unaffected and sediments are withheld
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in the underdrainage. However, changes in flow and
sediments dynamics can modify on-site moisture
patterns. Consequently, roads divert and concentrate
natural flows, driving new canal formations (Raiter
et al,, 2018). Projects 2, 3 and 8 only listed measures
to avoid water source contamination and drainage
management to avoid setbacks in the construction
stage. The remaining, lower-rated projects did not
account for impacts to surface runoft.

The Landscape fragmentation is a second-
rank category according to the evaluation method.
The EMGRIP sets out specific mitigation measures
relating to revegetation and meadowing in cases
where the landscape quality can be affected. The
analyzed studies, in all cases, address landscape
recovery measures through revegetation. Concerning
cases 1, 2, 3, and 8, located in marine and coastal
wetland and freshwater environments, alterations
to landscaping visual quality were accounted for,
but no specific measures to mitigate that effect
were proposed. Landscape fragmentation seeks
to characterize a territory’s environmental state
based on an analysis of its subdivisions (Mancebo
Quintana et al., 2010; MARM, 2010). However, the
edge or barrier effect impacts considered by the
analyzed EIAs, accounts mainly for threats to fauna
due to roadworks, and compensation measures are
in the form of signage and socialization with the
community with regard to the animals on the road.

The last evaluation comprises all direct and
indirect impacts related to ecosystem connectivity.
In terrestrial ecosystems, the effects or impacts are
in the form of disruptions to nutrient, energy, or
genetic information flows, the removal of plant
cover, and habitat destruction (Saunders et al., 1991).
Modification of flow dynamics or water balance in
freshwater ecosystems also alters sediment dragging
and water quality in terms of salinization (Entrekin
et al,, 2019) and dissolved oxygen. The EMGRIP
proposes mitigation in the form of biological
corridors that allow organisms to roam freely and
permit continuity of some energy flows. Cases
3, 4, and 5 listed impacts on the functionality of
the ecosystem itself and proposed identifying and
enclosing natural fauna corridors, signage for
wildlife crossing areas, and community awareness as
mitigation measures. Case 1 accounts for the effects
on terrestrial and aquatic ecosystems. Establishes,
as mitigation measures, revegetation activities, and

minor works to ensure the marshes’ natural water
flow, bearing in mind that these alterations would
reach other areas of the Bajo Sint marsh. Lastly, the
projects in cases 2, 6 and 8 altered the ecosystem’s
functionality, or the habitat itself, and provided no
specific measures.

4. Discussion

4.1. Standard and outdated
management measures

The hydrological connectivity systemic impacts
were rated the highest. However, this does not mean
that each project performed a thorough study and
established appropriate management measures to
address alterations in water connectivity dynamics
and their consequences. In general, the EIAs failed
to develop integrated analyses or complex models
for all the systemic impacts on the environment. On
the contrary, although each EIA deals with different
environments, here is an observable simplification
of the impacts identification process. In the line
pointed out by Nita and collaborators (2022), we
found that the management measures look repetitive
and preset, resulting in typified or pro-forma EIAs
that only cover minimal legal requirements.
Regarding water systems (surface or
groundwater), the regulations focus on measures
to prevent contamination of water bodies and
to maintain drainage in terms of water volume,
and on changes in the terrain’s morphology. The
EIAs" control measures are reduced to preventing
dumping, monitoring water quality and constructing
drainage structures such as sewers, gutters, and
box culverts, the objective of which is the effective
evacuation of rainwater or runoff to avoid damage
to the roadworks. Such an approach ignores the
need to understand water bodies’ connectivity
dynamics and their intricate spatial and temporal
variability patterns (Bracken et al., 2013; Freeman et
al., 2007), triggering damage to the water balance.
Another consequence of altered flow dynamics that
is unaddressed by EIAs is the modification of the
transport of matter, energy, and organisms inside or
between water bodies, indirectly affecting the health
of ecosystems (Freeman et al., 2007), water quality
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parameters (Thompson et al., 2008) and sediment
dragging dynamics.

Concerning the systemic effects of territory
fragmentation and ecosystem connectivity, the
EIAs frequently dealt with impacts in the form of
landscape changes, land-use change, plant cover
removal, and erosion. The management actions
propose revegetation with native species, signage
for wildlife corridors, and species relocation, but
the fragmentation phenomenon itself is yet to be
addressed. The EIAs did not analyze its systemic
consequences; nor did they employ the metrics
commonly referred to in the scientific literature as
fragmentation indicators. These indicators evaluate
habitat dynamics and local ecosystem processes,
facilitating loss of territorial connectivity monitoring
in habitats at various scales (MARM, 2010). Similar
to freshwater ecosystems, barrier-effect territorial
discontinuities alter natural material, energy, and
information flow in the territory, which are the
basis of system development and richness (Cardona-
Almeida et al., 2019) affecting biodiversity and
ecological redundancy (Jergensen, 2012). Only
projects 1 and 3 observed safe fauna passes
through water-drainage box culverts. This calls
attention to how all the projects, located in rural
areas, failed to implement more robust measures
despite documented evidence that vouches for
ecologic corridors as a management strategy due
to their abilities to restore biodiversity and keep
the ecosystem resilience (Karlson et al., 2016; Dos
Santos et al., 2020).

4.2. The regional scale

Of the eight studies, only case 1 (Lorica bypass)
warned about adverse effects on currents’ dynamics
and its communication with the marshes that
characterize that territory. Those water bodies
fall out of the EIAS area of influence, which is
why it was rated four (4) in the systemic impacts
assessment matrix. However, profound effects
on water dynamics at the regional scale were
not analyzed. Concerning freshwater ecosystems,
alteration of currents and flows entails large-
scale ecological effects. For terrestrial ecosystems,
progressive fragmentation generates large-scale
effects that cause landscape changes and reduce

habitats and biodiversity (Saunders et al., 1999;
Gurrutxaga, 2011). Even so, all projects failed to
list possible external impacts or effects from the
influence area, ignoring the terrestrial and water
ecosystems’ systemic and interdependent nature.

Figure 4a provides a notion of the problem,
the linear distance between projects 1 and 8 is
approximately 40 km. Surrounded by a complex
marsh and river system, the maximum width of the
area of influence is about 5 km. Beyond any criticism
of the delineation of the area of influence, local
changes can affect larger areas through synergism
and residual effects. In addition, monitoring
strategies or activities defined by EIAs to be carried
out while the road is operational focus mainly on
the verification of management measures but not on
the system processes or functionalities that would
develop an understanding of the possible problems
at the regional or landscape level.

4.3. Cumulative effects

Although each project’s EIAs area of influence
complies with the regulations’ provisions, limited
attention to spatial analysis might hide accumulated
effects or cause the overlapping thereof both
in space and time. So, limiting themselves to
minimal requirements, project managers will not
be willing to study these consequences, and local
environmental authorities will be oblivious to them
as well. Figure 4 zooms in on the two southernmost
projects, where the cumulative effect for the region
can be illustrated by the contrast between Fig. 4a
(1970s road infrastructure) and 4b (2015 road
infrastructure). That image attests to how territory
and ecosystems become fractured as time passes
and alert us to the accumulation and magnification
of effects.

Numerous projects were executed in various
years that gradually built small segments of the
network using different executors, authorities
and regulatory frameworks. These frameworks
went from having an absence of environmental
considerations before Law 99 of the year 1993
to containing environmental licensing processes
with several subsequent modifications influenced
by national policy priorities for infrastructure
development.
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The analyzed projects failed to list or consider
the effects or mitigation action of any other
nearby project. Nor are there recommendations
or analyses on possible future projects or road-
related implications for the surrounding system’s
future development. All the EIAs analyzed describe
scenarios with and without the project; however,
none evaluated the environmental or ecological
impacts once the work was completed. Only two
studies (1 and 8) considered effects during the
operational phase, i.e., during the useful life of
the road. However, those effects focus on socio-
economic matters such as commercial activities,
the impacts of noise, and effects on ways of life.
The EIAs studied here analyzed the impacts of
the construction stage associated with civil works
processes and failed to regard those related to the
presence of infrastructure in a natural environment.

4.4, Limitations

Even though hydrological connectivity was rated
highly, the EIAs show a stronger focus on the
compensation of terrestrial ecosystems and measures
such as revegetation, attaching little importance to
impacts on water systems dynamics and freshwater
ecosystems. That high rating is linked to abundantly
implemented measures related to sewers and water
quality monitoring rather than to the analysis or
management of systemic problems

That constitutes a limitation of the proposed
method, based on the grouping of five categories
of impacts/effects, that responds to the expressed
concern of local experts. It allows direct comparison
with the management tools in question. However,
given the large number and variety of effects/
impacts in each category, the grouping may, for
high ratings, mask the detail of which measures
or analyses are being considered. However, it does
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give a good account of which categories receive
less attention, such as hydraulic conductivity. The
evaluation matrix score evidenced one of the initial
concerns placed in the hypothesis, namely that
there is little connection between EIAs (i.e., they
do not relate to or take into account considerations
or recommendations from one another) and that
they contain little spatial context. Even if the small
number of projects considered does not allow
absolute conclusions to be drawn, the assessment
matrix presented is helpful for global comparisons
and easily replicable with the same or new categories
depending on the context.

5. Conclusions

Road infrastructure has grown significantly in
the Colombian Caribbean and, according to local
experts, environmental impacts are not well-
understood or -managed. The ecosystem’s diversity
and the economic development dynamics of the
region makes it susceptible to ecological catastrophes
— which have already occurred. Identifying gaps
between current management strategies and
scientific knowledge is vital to improve regional
road planning and environmental management.

With the evaluation of eight EIAs distributed
throughout the region, we expect to offer clues
to reveal whether experts’ concerns are sound or
not, and where to focus for future studies. In the
scope of this study, we confirmed the proposed
hypothesis. So, EIAs do not describe the wide range
of environmental effects identified by the scientific
literature.

Each EIA failed to address systemic effects
in depth. There were no complex analysis tools
such as models or integrated analysis, but, rather,
a series of almost-standardized management
measures is implemented. The projects analyzed
are limited to a very narrow area of influence and
focused on the construction stage. Consequently,
they do not consider regional effects or impacts
such as those related to spatial connectivity of
ecosystems, hydro systems, and territory functional
processes. Furthermore, the EIAs analyzed did not
consider other nearby or previous road projects’
considerations or management strategies. It is
foreseeable that the overlapping of these road

projects brings cumulative effects outside the
areas of influence, both spatially and over time,
and current environmental management tools are
incapable of noticing or estimating them.

It is worthwhile to develop studies on water
connectivity, ecological connectivity, and territory
fragmentation at the regional level before and
during the development of road projects that will
serve as the planning basis for future projects. It is
not clear what the cumulative effects on Caribbean
ecosystems of road infrastructure are, so it is
advisable to propose studies that identify impacts
and restore ecosystem services in the region.
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