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suggesting that modern stressors such
as climate variability (Long et al, 2010;
Magnuson et al., 1997), invasive species
(Lougheed and Stevenson 2004; Steinman
et al., 2008) and further land use altera-
tions (Ray and Pijanowski 2010; Pijanowski
et al.,, 2007; Tang et al., 2005) whose influ-
ence remain uncertain, are likely to influ-
ence system recovery.

Recovery challenges and
recommendations

Efforts to manage the watershed have re-
duced the loading of metals and nutrients,
improving the ecological health of Muske-
gon Lake as evidenced by geochemistry
and diatom biostratigraphy. The current
geochemical conditions demonstrate
significant recovery from high concen-
trations of anthropogenic elements and
the fossil diatom record from this core

suggests that efforts to reduce nutrient
loading have been successful. Despite
improvements, these data indicate that
the system is still changing in response to
human impacts at the regional watershed
scale, suggesting that management strat-
egies also need to target non-point source
inputs. As such, it is recommended that
modern remediation targets consider the
legacy and overprint of multiple stressors,
as well as be aware of emerging stressors
that could further alter ecological dynam-
ics in the larger Great Lakes Region.
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Landslides in Sao Paulo, Brazil: An integrated historical

perspective
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The growing severity of floods and landslides in the state of Sdao Paulo, Brazil, is related to rapid environmental
changes, such as urbanization, deforestation and settlement in hazardous areas, rather than to natural events,
and unless more sustainable land-use practices are adopted the impact of these (un)natural disasters might

become more severe.

The Problem

The Emergency Events Database (EM-
DAT, www.emdat.be/), an international
database of disasters maintained by the
Centre for Research on the Epidemiology
of Disasters (CRED), states that during the
period from 1948 to 2010 Brazil was hit
by 146 disasters related to precipitation

(storms, floods and mass movements) that
caused 8627 deaths and affected nearly
3 million people. Approximately 75% of
these calamitous episodes have occurred
in the last three decades (1980 to 2010)
(EM-DAT, 2010). These figures are prob-
ably underestimated (Marcelino et al,
2006; Nunes, 2009) but are consistent with

other studies that have demonstrated an
upward trend in the severity of disasters
triggered by precipitation. It has drawn
attention to the question of how strongly
this dramatic trend is connected to soci-
etal changes, with an ever-growing vul-
nerability to weather and climate episodes
(Kunkel et al., 1999; Changnon et al., 2000;

Figure 1: A) Number of catastrophic events caused by precipitation (red) compared with population (yellow) and daily extreme precipitation episodes (blue) in Campinas,
Brazil, for 5 decades (1958-1967 to 1998-2007). B) Comparison between Gross Domestic Product (GDP, purple, 2009), population (yellow, 2010), percentage of remaining
vegetation (green, 2010) and survey (partially completed) of catastrophic events triggered by precipitation (red) from 1928 to 2009, for 9 municipalities of the Metropolitan
Region of Baixada Sao Paulo, Brazil. Higher number of catastrophic events is related to higher deforestation, and lower GDP to lower rates of deforestation.
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Kesavan and Swaminathan, 2006; Araki
and Nunes, 2008).

During the second half of the 20™ cen-
tury, urban population increased steadily
in Brazil and according to the census of
2010 (IBGE, www.censo2010.ibge.gov.br/),
84.3% of Brazilians live in urban centers.
The unplanned growth of cities has led to
an increasing inability to house this grow-
ing population and to provide adequate
infrastructure. Poor regulation has led to
inappropriate land use transformation
in hazard prone areas, higher pressure
on natural resources, lack of appropriate
waste treatment and sanitation, violence,
and other environmental and societal
problems. Rapid urban expansion has the
potential to adversely affect ecological dy-
namics, biodiversity and local climate, as
well as patterns of local energy and water
consumption.

Land use pattern and natural
disasters in the state of Sdo Paulo
The impacts of extreme precipitation
events are even more acute in the state
of Sdo Paulo, where 21.6% of the Brazil-
ian population is concentrated (95.9%
in urban centers) and which contributes
33.1% of the national GDP. Three recent
assessments of the historical interactions
between climate and social change are
providing insight into the controls on
landslides and flood:

1) Evaluating the consequences of ex-
treme precipitation events between 1958
and 2007 in Campinas (1,080,999 inhab-
itants, census of 2010), Castellano (2010)
observed a significant increase in the
number of the impacts (e.g., damages to
buildings and trees, power cut and traffic
chaos) recorded from 129 impacts in the
first decade to 3,837 in the last. During the
same period, the population increased by
500%, but no changes in the frequency of
extreme precipitation events were record-
ed (Fig. 1A).

2) The urbanization of Bauru (344,039
inhabitants, 2010) led to decreased soil
infiltration with increased runoff released
into the natural drainage network, fur-
ther leading to gullies and more frequent
floods. Comparing daily precipitation
events above 10 mm/day and erosion and
floods from 1967 to 1999, Almeida Filho
and Coiado (2001) noticed that the rain-
fall pattern did not change significantly
during the whole period. However, 66%
of the episodes occurred between 1984
and 1999, the period of urban population
expansion that was not accompanied by
urban planning or adequate engineering.

3) The eastern portion of the state, a
mountainous region with steep hills at the

Primitive situation

Campinas

Figure 2: Deforestation of the Atlantic Rainforest in the state of SGo Paulo from 1854 to 2000. Red numbers indicate
the estimation of % forest cover for each period (from Victor, 1975). Red shaded areas indicate location of study
areas discussed in the text. MRBS = Metropolitan Region of Baixada Santista.

base of the coastal Serra do Mar Range,
is particularly sensitive to natural disas-
ters, with more than 16,000 people living
in areas at risk of landslides, mudslides
and floods. Some sectors register very in-
tense precipitation episodes. In Cubatédo
(108,309 inhabitants, 2010), an industrial
complex located in a valley surrounded
by the unstable hill slopes of Serra do Mar,
summer precipitation intensities reached
1021 mm in nine days (February 1929) and
712 mm in two days, (February 1934), as
verified by Nunes (2008). In the past few
decades Guaruja municipality, an upmar-
ket resort area (290,607 inhabitants, 2010),
has experienced an increase in tourism
and related activities. This has attracted an
influx of workers who largely occupy un-
stable slopes. As a result, the city has both
the highest deforestation rate and highest
number of catastrophes triggered by pre-

PAGES news « Vol 19+ No 2 « July 2011

cipitation (floods and landslides) amongst
the nine municipalities that are part of the
Metropolitan Region of Baixada Santista
(MRBS). For the entire area, the correlation
between these two variables is -0.85, sig-
nificant at 95%. Furthermore, the lowest
deforestation rates are found in munici-
palities that also have the lowest GDP, sug-
gesting that the economic development
of the region is based on unsustainable
practices (Fig. 1B). It is worth emphasiz-
ing that this pattern of occupation, with
houses perched on steep slopes and next
to rivers, is similar to the alpine district
of Rio de Janeiro state, where the heavy
rains of January 2011 have caused floods,
landslides and mudslides resulting in hun-
dreds of deaths and missing persons as
well as major economic losses.

Historical information is also being
used to highlight the rapid deforestation
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of the Atlantic Rainforest in recent de-
cades, which is crucial to understanding
the recent trends in environmental deg-
radation in Sdo Paulo state. An attempt to
reconstruct the forest cover of the state
was done by Victor (1975) and Victor et
al. (2005) based on reports of pioneers
and naturalists, the rise and mobility of
population, agriculture expansion and
more recently on aerial photo interpreta-
tion. It shows that the forest cover of the
state was drastically reduced (Fig. 2) by the
spread of agriculture and industrialization.
The amount of forest cover remaining to-
day corresponds to 2, 8 and 55% of the
original area in Campinas, Bauru and Cu-
batao, respectively.

Future Directions

From the perspectives of both local sus-
tainable development and global change,
Sdo Paulo is a “hot spot”. There is a great
need to break the cycle of destruction
and reconstruction linked to catastrophic
events. Knowledge of the extent of histori-

cal environmental degradation through
depletion of resources, such as has oc-
curred in the Atlantic Forest, and a com-
prehensive evaluation of the frequency
and magnitude of floods and landslides
are essential to understanding the evolu-
tion of natural disasters. Further studies
that take into account the characteristics
of the river channel network, the sedi-
ment yield from these catchments, the
landslide scars, and the weathering and
soil development must encompass at
least decadal timescales in order to pro-
vide rates and nature of changes that take
place over planning timescales. The evalu-
ation of current economic development
strategies, including policies, guidelines
and laws, are vitally important to develop
strategies that can lead the entire region
towards a more sustainable development
trajectory. Planning must be constrained
by rules that are defined and rooted in
long-term and regional to inter-regional
analyses of the optimum and sustainable
uses of space.
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Paleoecological records from billabongs (floodplain lakes) in southern Australia can be used to develop
ecosystem response models that describe how the underlying hydrology and geomorphology of these aquatic
ecosystems control their resilience to anthropogenic stressors.

Water demands

Lowland floodplain rivers are “hotspots” of
biodiversity and productivity. The ecologi-
cal importance of these environments is
particularly substantial in Australian semi-
arid and arid environments because of the
moisture subsidy they provide to riverine
ecosystems (Ogden et al.,, 2007). In Aus-
tralia’s dry climate, these environments
have also become extremely important
for agriculture, which in turn has led to de-
terioration in ecosystem function and re-
duced biodiversity. Competing demands
for water by ecological and economic sys-
tems has led to an apparently intractable
debate over how best to allocate water to
support sustainable agriculture and eco-
systems. The recent debate over the water
allocation prescriptions within the Murray
Darling Basin Plan (MDBA, 2010) reveal
that the changing condition of floodplain
wetlands (billabongs) across the region is
not well understood. In order to meet this

challenge it is vital that water is used effi-
ciently for both agriculture and to support
riverine ecosystems. The second half of
this equation presents an immense chal-
lenge to scientists and managers because
our understanding of riverine ecosystem
function is limited by a lack of robust data
on benchmark conditions, ecosystem vari-
ability, and the drivers and trajectories of
change.

Ecosystem histories and
complexity

Data and information needed to recon-
struct ecosystem histories can be pro-
vided through paleoecological studies of
wetlands. Furthermore, for a basin-wide
appreciation, a regional integration of pa-
leoecological studies can reveal the extent
and timing of changes to provide broad
insights into the ecological cost of the di-
version of river flows to support irrigated
agriculture.
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While factors, such as invasive species and
land use, can influence ecosystem struc-
ture and function (Roberts et al., 1995;
Robertson and Rowling, 2000), floodplain
aquatic ecosystems are principally driven
by hydrology (Walker, 1985; Bunn et al.,
2006). Thus, hydrological changes expe-
rienced by billabongs are likely to have
a substantial influence on their ecology.
However, while the hydrology of a river
as a whole is primarily driven by extrinsic
factors, the hydrology of individual billa-
bongs is also strongly influenced by in-
trinsic factors, such as local adjustments
in channel morphology, the deposition
of sediments in secondary channels link-
ing billabongs to the main channel, and
the infilling of the billabongs themselves.
Thus individual billabongs may reflect
any number of environmental changes
operating across a range of spatial and
temporal scales. The distinction between
local and regional drivers of change can



