














Fig. 5— Urban sprawl and remaining vegetation of urban core in Santiago, 1930—2016.

Fig. 6— Change of vegetation on different green infrastructure levels in Buenos Aires, 1986—2016.
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compact city, meaning that municipal borders almost coincide
with actual urban core, vegetation that regulate the runoff is
mostly situated outside the city and form the suburban level
of urban green infrastructure. Population and agglomeration
growth in Santiago was particularly intense. Since 1970, the
growing city has occupied almost 72% of the surrounding vegeta-
tion within its modern limits (Fig. 5). It is much easier to develop
flat surfaces, thus the urban expansion moves southwards,
leaving northern slopes and valleys almost intact. Our results
even show a small 5% increase on the level of urban forests that
includes valleys vegetation.

A negative aspect of local restoration programs that can be
noticed in a tremendous increase in vegetation of urban parks
(up to 23%) is the composition of newly planted forests. It is
eucalyptuses and pinus radiate for the most part, and these spe-
cies are extremely vulnerable to wildfires that occur here in the
hot and dry summer period quite often (Armesto 1998).

Among all studied cities, Santiago has shown the worst results
of inner vegetation. Here green infrastructure occupies only 7%
of area in the inner districts. Moreover, this is even less than in
1986. On the other hand, there is an increase in vegetation on
the level of urban parks, possibly meaning that all improvement
programs were aimed at the development of big green elements
rather than small. The creation of new parks is connected with
the general urban sprawl that took place during the studied
period. These elements of a relatively big size appeared on the
spots that were not suitable to build up.

4.5 Buenos Aires

Being the largest and the most populated city, green infrastruc-
ture in Buenos Aires plays a crucial role for comfortability of
urban environment and public health. Thus, two types of green
infrastructure - inner green elements and urban parks - are the
focus of the study. In 1986, central parts of the city had only
3% of its area covered with vegetation. The period of 30 years
showed an improvement by 12%, while the level of urban parks
remained absolutely the same - 8% of the city’s area. These
results mean that while an amount of street vegetation and
a number of private gardens increases, major parks for mass
recreation are intact. On the one hand, it is a positive trend
as these parks are not being occupied or destroyed for urban
compression. But on the other hand, the population of the city
continues to grow. It has increased by almost 5 million people
since 1986 - by 30%. At the same time, the area of parks and
public green space has not changed. Tree vegetation in Buenos
Aires has also decreased (by 7%). The major decrease of green
infrastructure here concerns the level of surrounding pampa and
agricultural lands as these lands were also occupied (up to 21%)
by new city districts (Fig. 6).

Natural vegetation of pampa mostly consists of grasses. In its
natural conditions, trees usually grow along the river banks in
delta (Walker 1999). Taking into account a small improvement in
inner vegetation, we can say that the degradation of tree cover
is, on the one hand, connected with the destruction of wetlands
along the La Plata, and on the other hand, with grasses and
shrubs usage in urban greening.

5. Discussion
A curious finding of this work is that in most studied cities a

tremendous decrease in vegetation happened with suburban
green infrastructure, but at the same time a significant increase
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in other parts allowed cities to remain relatively “green”. For
instance, Rio de Janeiro’s suburban level has lost 29% during the
chosen period, however, a total share of vegetation in the city
has grown by 7%, mainly because of an intense restoration of
urban forests (improvement by 7%) and streets’ greening (from
5 to 27%). Not all cities are that successful. Santiago has still
lost 19% of green infrastructure, but considering that suburban
decrease was 25%, an improvement with urban parks and forests
is impressive. A similar case can be found in La Paz, where in
30 years of urban expansion 21% of surrounding puna was built-
up. Simultaneously, inner green infrastructure has increased
by 18%, making life inside urban core more comfortable. As to
Lima, it is an interesting example of a desert city to compare with
Buenos Aires, situated in a humid and quite favorable climate.
Considering, that natural vegetation of the arid zone is sparse
and artificial one is vulnerable to harsh conditions, Lima man-
ages to remain relatively green with its districts being vegetated
much better than Buenos Aires. Though our results have shown
an improvement of inner green infrastructure in both cities, the
Peruvian capital is almost four times better vegetated than the
Argentinian one.

We would also like to notice that the most intact level of green
infrastructure is urban parks. Probably being places with high
historic value and touristic attraction, these elements must be
more or less well-maintained and protected by law. This result
also proves that while old recreational green space is conserved,
new areas of this type do not appear. It may be challenging in
densely built-up cities like Buenos Aires or Rio de Janeiro to
create new parks amidst urban infrastructure. Judging by the
classified images, there are areas in other cities though, clear of
buildings and roads, but lacking vegetation as well.

It is also obvious now that the most transformed level of green
infrastructure is suburban, as new outskirt districts were built
in 30 years. The intensity and size of its destruction, though,
directly depends on the surrounding landscape, as flat surfaces
are much easier to develop. This observation also concerns the
preserved vegetation inside the urban core that belongs to the
level of urban forests. The cases of Rio de Janeiro and Santiago
have shown that the majority of urban forests are situated on
local hills (serros and morros), which are difficult, inconvenient
and dangerous to develop. Excluding slums (some of which were
removed in Santiago during the studied period), these places are
not built-up and remain intact solely for their economic disad-
vantage and not because of special urban planning that leaves
huge green areas for ecosystem services.

6. Conclusion

Our work has investigated the structure and dynamics of green
infrastructure in representative Latin American cities to define
main features of its transformation and development. While all
cities are not heterogeneously vegetated and mostly lose their
green infrastructure, there is still improvement on the level of
street vegetation, meaning that for the government recreational
functions are clearer and easier to provide. Other services that
bigger green elements can perform are either neglected or
treated by residual principle, when their development does not
require any additional measures or these green areas cannot be
effectively used in any other way. We see, though, that in some
cases natural disasters, triggered by deforestation, pose a serious
threat and then green infrastructure’s merit is acknowledged.
Still, in most cases unstoppable urban expansion devours more
surrounding lands and prevails over the concept of a “compact



city” that implies a densely populated, but also well-planned
settlement with a limited urban sprawl.

The methods in this research enable us to study the structure
and distribution of urban greening. However, more accurate
results may be achieved by investigating more classes of land-
use to define all ecosystem services the lands can perform.
Distinguishing wetlands, agriculture, roof-vegetation and others
can give a more detailed picture of the real situation with green
infrastructure in Latin America.
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