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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 

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 
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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.

References

AHERN, J. (2013): Urban landscape sustainability and resilience: The Promise 
and Challenges of Integrating Ecology with Urban Planning and Design. 
Landscape Ecology, 28, 6, 1203–1212.

ALBERTI, M. (2008): Advances in Urban Ecology. Integrating Humans and 
Ecological Processes in Urban Ecosystems. Springer, New York, 93–131.

AMORIM, H.B., SALAMENE, S. (2012): Estimate of the area occupied by 
reforestation programs in Rio de Janeiro state. Cerne, Lavras, 18, 1, 23–34.

ARANA, C., SALINAS, L. (2007): Fragilidad de los ecosistemas de Lomas 
costeras del Perú central. Dilloniana, 5, 1, 32–35.

ARMESTO, J.J., ROZZI, R., SMITH-RAMÍREZ, C., ARROYO, M.K.T. (1998): 
Conservation targets in South American temperate forests. Science, 279, 
1271–1272.

ARTMANN, M. (2014): Assessment of soil sealing management responses, 
strategies, and targets toward ecologically sustainable urban land use 
management. Ambio, 43(4), 530–541. 

Atlas Ambiental de Buenos Aires – Available online: http://www.atlasdebue-
nosaires.gov.ar/aaba/

FERNANDES, N.F., TUPINAMBA, M. (2010): Rio de Janeiro: A metropolis 
between granite-gneiss massifs (Geomorphological landscapes of the 
world). New York: Springer Science & Business Media, 89–100.

KARAKOUZIAN, M. (1997): Geology of Lima. Environmental & Engineering 
Geoscience, 3, 55–58.

MAZA, C.L., HERNANDEZ, J., BOWN, H., ESCOBEDO, F. (2002): Vegeta-
tion diversity in the Santiago de Chile urban ecosystem. Arboricultural 
Journal, 26, 4, 347–357. 

MORRÁS, H.J.M. (2010): Ambiente físico del Área Metropolitana. Dinámica 
de una ciudad Buenos Aires, 1810–2010. Dirección General de Estadística 
y Censos Gobierno de la Ciudad Autónoma de Buenos Aires, 27–62.

NAUMANN, S. (2011): Design, Implementation and Cost Elements of Green 
Infrastructure Projects. Final report, European Commission, 138.

O’HARE, G., RIVAS, S. (2005): The landslide hazard and human vulner-
ability in La Paz city, Bolivia. The Geographical Journal, 171, 239–258.

PRB. Population Reference Bureau (2019). https://www.prb.org/international/
geography/south-america/ (30. 11. 2019).

SARA, L.M., TAKANO, G., ESCALANTE, C. (2014): City Report Metropoli-
tan Lima and Callao. KwaZulu-Natal: University of KwaZulu-Natal.

SEMENZATO, R. (1996): Fog: A water resource for the development of arid 
regions. Working paper 96-4 Fifth Joint Conference on Agriculture, Food, 
and the Environment, Abano Terme, Padova, Italy. Center for Interna-
tional Food and Agricultural Policy, University of Minnesota, 8–12.

SEPÚLVEDA, S.A. et al. (2006): Landslide hazards in Santiago, Chile: an 
overview. Proceedings of the 10th Congress of the International Associa-
tion of Engineering Geology and the Environment, paper, 105, 1–8.

VEBLEN, T.T., YOUNG, K.R., ORME, A.R. (ed.) (2015): The physical geo-
graphy of South America. Oxford University Press.

WALKER, L.R. (1999): Ecosystems of Disturbed Ground. Elsevier Science 
B.V., Amsterdam.

WWF. World Wildlife Fond (2019). http://wwf.panda.org/knowledge_hub/
where_we_work/atlantic_forests/ (30. 11. 2019).


