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Abstract Since the 1970s, the Niger basin has been
characterized by hydro-climatic changes which have sig-
nificant impacts on local populations. These changes are
not well documented as a result of a decreasing obser-
vation network for hydro-climatic data. Indigenous peo-
ples’ knowledge has increasingly been considered an
important component in addressing these data gaps. We
evaluated the consistency of indigenous perceptions and
adaptive responses with rainfall and river discharge
observations in the Niger basin. Socioeconomic data were
collected from 239 households in 30 communities across
two settlements in the Niger basin. Data on historical
rainfall and river discharge from 1950 to 2010 were
analyzed and the consistency with local perceptions was
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assessed. Generally, there was a high agreement between
observations and perceptions, but impacts of climate
change in the communities were dependent on social and
environmental factors that can introduce differences in
perception despite identical observations. Indigenous
perceptions gave good indication of the most vulnerable
sectors as well as communities who also displayed the
greatest willingness to combat climate change. These
results suggest that integration of indigenous perceptions
into climate change science, especially in data scarce
regions, is highly valuable.
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Introduction

Climate change has significant impacts on ecosystems and
societies in West Africa and adaptation to it is hindered by
poorly documented historical climate trends and future
projections. Historical climate trends are not properly
captured in the region due to inadequate and deteriorating
amount of reliable observation stations since 1980 (Ali and
Lebel 2009). Satellite-based observations of precipitation
have also been identified with inherent biases in the region
as a result of insufficient ground-based data for calibration
and validation (Sylla et al. 2013). This has led to contra-
dictory results from climate trend studies at local and sub-
regional scales. For instance, following the 1990s’ report of
the Sahelian drought (Sivakumar 1992; Le Barbé and Lebel
1997), several studies considered it either ended in the
1990s (Ozer et al. 2003), continued (Hulme 2001; L’Hote
et al. 2002; Dai et al. 2004) or even was simply an artifact
of changing station networks (Chappell and Agnew 2008).
The recent discovery of a precipitation gradient from
eastern to western Sahel (Lebel and Ali 2009) in addition to
the north—south Inter Tropical Convergence Zone (ITCZ)
influence on rainfall distribution is also a factor of impor-
tance for reliable hydrological predictions in West Africa.

For future conditions, no coherent projection for either
decreasing or increasing precipitation emerges from global
climate model (GCM) products (Druyan 2011). This lack
of consensus among GCM projections was attributed to the
unclear West African monsoon precipitation response to
anthropogenic climate change (Biasutti and Giannini 2006;
Douville et al. 2006; Giannini et al. 2008). In addition, the
typical grid box of GCMs (in the range of 100-400 km) is
too coarse to account for land surface heterogeneities from
vegetation, topography and coastlines, which are important
for the physical response governing the local and regional
climate change signal (Paeth et al. 2006; Rummukainen
2010). Regional Climate Models (RCM) can potentially
overcome this limitation; however, Diallo et al. (2012)
found mixed results in terms of RCMs improving the
simulation of climate patterns compared to the driving
GCMs.

These climate uncertainties exacerbate the vulnerabil-
ity of West African populations both to high natural
variability of climate and anticipated climatic changes in
the future (Mertz et al. 2011). High population density,
large growth rates and the dependence on rainfed agri-
culture make economies particularly vulnerable. The
prominent West African average rainfall deficit of
180 mm in 1970s and 1980s relative to the 1950s and
1960s (Le Barbé et al. 2002) resulted in severe famine
and crop failure (Ben Mohamed et al. 2002). The
increase of precipitation since 1990 (Lebel and Ali 2009)
aggravated the intensities of floods in the region; Yabi
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and Afouda (2012) reported the disruption of agricultural
activities during extreme rainfall years in Benin which
swept out over 24 % of the state revenue from agricul-
ture. Increases in West Africa’s air temperature could
further increase the vulnerability of agriculture through a
yield reduction as a result of heat stress, although large
discrepancies exist in yield predictions as a result of
climate change in West Africa and the sign of change is
uncertain (Roudier et al. 2011).

The Niger River Basin, the largest basin in the region
was also identified with uncertainties and contradictory
hydro-climatic information. A vivid example is the “par-
adox” which is an observed runoff increase in some of the
basin’s Sahelian catchments such as in Nakanbe (Burkina
Faso), Sirba (Niger) and Mekrou (Benin) despite a decrease
in rainfall (Mahe et al. 2005; Descroix et al. 2009). This
was attributed to soil crusting and land degradation as a
result of unsustainable land use in the basin (Amogu et al.
2010). High rainfall spatial and temporal variability in the
basin has significant impacts on water resources (Oyebande
and Odunuga 2010). In the past 50 years, a 10-30 %
decrease in mean annual rainfall in the basin has led to a
reduction of 20-60 % in river discharge (Oyebande and
Odunuga 2010). Even with no change in precipitation, the
availability of per capita renewable water resources in the
basin is declining as a result of a large population growth;
the population in the basin is expected to double from 94
million in 2005 to over 150 million by the year 2050, and
competing demands have led to challenges in water allo-
cation among different users and countries (Ogilvie et al.
2010). A sustainable management strategy is therefore
needed to cope with challenges arising from increases in
water demand and changes in the variability of supply in
the basin.

Local communities in the Niger basin have responded to
variations in water availability through the use of water
harvesting, irrigation, planting of drought tolerant and early
maturing crop varieties and others. Therefore, knowledge
of local communities on recent climate variability
(<20 years) and adaptation measures is very valuable,
particularly in the absence of reliable local observations
and projections. Several studies such as (West et al. 2008;
Mertz et al. 2009; Kemausuor et al. 2011; Fosu-Mensah
et al. 2012; Tambo and Abdoulaye 2012) have already
displayed high consistencies between local perceptions and
observations. The IPCC Summary for Policymakers (2014)
also showcased that “adaptation planning and implemen-
tation at all levels of governance are contingent on societal
values, objectives and risk perceptions.” However, some
biases are witnessed in local perceptions, which are caused
by some environmental factors such as extreme droughts.
Such bias was witnessed in Ethiopia where the perceived
1980s’ dry years due to large-scale famine conditions were
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Fig. 1 Location of sampled communities in Malanville (Benin) and Kainji (Nigeria)

one of the wettest years in the region (Meze-Hausken
2004). Kalanda-Joshua et al. (2011) also reported that local
perceptions are based on the ability of respondents to recall
key events and are, thus, more accurate on recent climatic
events (<30 years). This study aimed at ameliorating these
challenges by evaluating consistency of local perceptions
with recent observations starting from 1990; after recovery
from the West African drought was witnessed in some
parts of the region (Ali and Lebel 2009). We also assessed
the potential of local perceptions in enhancing adaptation
efforts in the Niger River Basin.”
The objectives of the study were to:

e evaluate trends of precipitation, river discharge and
local perceptions in Malanville (Benin) and Kainji
(Nigeria) settlements along the Niger river,

e assess the agreement of local perceptions with hydro-
climatic observations, and

e cvaluate local adaptation mechanisms to climate
change.

Data and methods
Study area

The Niger River Basin covers 2.27 million km? (Ogilvie
et al. 2010), and with 4,200 km in length, the Niger is the
third longest river in Africa. The basin consists of 10
countries including some parts of Benin and Nigeria, where
the study sites (Malanville and Kainji) are located (Fig. 1).
Malanville commune (lowest administrative level in
Benin) covers an area of 3,016 km? and had a population of
about 160,000 people in 2013 (INSAE 2013). It has a mean
annual precipitation of about 800 mm (based on observa-
tions from 1950 to 2010) which is concentrated in one
rainy season from mid April to mid October. During the
dry season, Malanville is subject to the Sahelian northeast
trade wind that comes with relatively cool and dry envi-
ronmental conditions. Highest temperatures of about 46 °C
are recorded in March and April, while the lowest tem-
peratures (about 16 °C) are observed in December and
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Table 1 Variables of the socioeconomic survey conducted in Ma-
lanville (Benin) and Kainji (Nigeria)

Group of Variables Description
variables
Hydro- Rainfall Observed trend of
climatic precipitation
variability  pynamics of water ~ Observed trend of river
bodies discharge
Climate change Awareness about climate
change and its impacts
Extreme Flood Observed trend of flood
events occurrence
Rainfall frequency Frequency of rainfall
Adaptation Soil and water Local land conservation
mechanism conservation techniques
mechanism

Flood adaptation Management strategies for
ameliorating impacts of

floods

Strategies of resilience to
decline in rainfall

Declining rainfall
adaptation

January, with an annual average of 28 °C based on the
same observation period.

Downstream of Malanville is the Kainji lake which
resulted from a multipurpose dam project installed in 1968
(Fig. 1). The purposes of the reservoir include power
generation, progressive development of navigation, flood
control in the Niger valley, and estimated fishery produc-
tion of over 10,000 tons annually. The reservoir has a total
storage volume of 15 km® and a surface area of 1,270 km?
at maximum water surface elevation (Jimoh 2008). Kainji
dam has eight hydropower plants with a total installed
capacity of 760 MW (Jimoh 2008) and supplies 12 % of
the total electricity of Nigeria (Mohammed et al. 2013).
Since 1990, more frequent extreme events in inflow to the
reservoir have led to increased downstream spill discharge,
sometimes resulting in floods downstream. Such aggra-
vated flooding was witnessed in some downstream com-
munities in 1997 and 1998 when properties worth over
3 million USD were destroyed (Salami and Sule 2010).

Data collection
Hydro-climatic data

To analyze shifts in the regimes of hydro-climatic variables
in the study areas, we collected historical records of pre-
cipitation and river discharge. At Malanville, daily pre-
cipitation was available for the period 1950-2010 and daily
river discharge from 1952 to 2010. At Kainji, we evaluated
daily precipitation from 1972 to 2010. Daily hydrological
records (reservoir level and outflow) of Kainji Lake were
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obtained from Kainji Hydro-Electric Power Authority for a
10-year period (the maximum length of records that was
made available) from 2001 to 2010.

Socioeconomic data

A survey with a questionnaire addressing climate trends and
adaptation mechanisms (Table 1) was used to investigate the
perception of climate variability/change and adaptation of
the local population to those changes. From September to
November, 2012, a total of 239 questionnaires were admin-
istered through a personal oral interview. The respondents
were from thirty different communities (Fig. 1), fourteen
along the Niger and its tributaries (Sota, Alibori and Mekrou)
in the Malanville area and sixteen in the Kainji Lake area. A
total of 120 and 119 respondents were, respectively, inter-
viewed in both areas. The respondents were randomly
selected from the communities, with the community sample
weighted with population size. The majority of respondents
in Malanville are involved in multiple farming practices;
61 % are involved in crop farming, 21 % are into livestock
production, 11 % are involved in fish farming, and the
remaining 7 % are engaged in other activities. At Kainji,
27 % of respondents are located downstream of the Kainji
dam, while 73 % were upstream of the dam.

In line with the methodology of Tambo and Abdoulaye
(2012), respondents were initially asked whether they had
heard or read about climate change in order to ascertain
their level of awareness. This was followed by questions
regarding their perceptions of changes in rainfall and river
discharge in the area over the past 20 years, their perceived
impacts of climate change on water resources and adapta-
tion mechanisms (Table 1). Data obtained from the ques-
tionnaires were analyzed and compared with the respective
hydro-climatic observations.

Data analysis

To detect significant shifts in hydroclimatology (the annual
total rainfall, number of rainy days—a rainy day was
defined as a day when total rainfall was >0.1 mm—and
average discharge at Malanville), we used the regime shift
detection definition of Rodionov and Overland (2005).

A regime shift occurs when a statistically significant
difference exists between the mean value of the variable
before and after a certain point in time based on the ¢ test.
For each observation x in a time series, a test is performed
to determine whether it represents a statistically significant
deviation from the mean value of the current regime
(xmean). According to the 7 test, the difference (diff)
between Xmean and mean value of the new regime (Xpean
will be statistically significant at the level p if it satisfies

the condition:
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Fig. 2 Observed and local perceptions of rainfall trends and number
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where ¢ is the value of #-distribution with 2/ — 2 degrees of
freedom, and / is the number of years. In this study, three
probability levels p (0.01, 0.05 and 0.10) were tested to
assess the magnitude of the shifts. It was assumed here that
variances for both regimes were the same and equal to the
average variance for running /-year intervals in the time
series (x;). We also analyzed intra-decadal variations of the
Kainji reservoir release and water level for 3-year intervals
between 2002 and 2010.

Results

Climate trends and local perceptions

A regime shift toward a decrease in total annual rainfall
(p = 0.05) was observed at Malanville from 1959 until

2008 when a significant increase (p = 0.05) was observed
(Fig. 2a). The same pattern of a significant rainfall increase

Kainji; Boxes (Kainji, left downstream and right upstream) show
percentage of respondents stating higher (blue) or lower (red)
conditions

(p = 0.01) in 2008 was prominent in Kainji (Fig. 2b). The
claim of increasing rainfall by 97 % of respondents in
Malanville was in line with these observations (Fig. 2a). At
Kainji, on the other hand, 63 % of upstream and 78 % of
downstream respondents believed that they witnessed less
rainfall compared with past decades (Fig. 2b).

Lower rainfall frequency was reported in Malanville
which was in line with observed trend of the decreasing
number of rainy days (Fig. 2¢). An upward shift in number
of rainy days (p = 0.1) was observed at Malanville
between 1965 and 2000 when there was a downward shift
in regime of rainy days (Fig. 2¢). Higher rainfall frequency
was reported by 59 and 72 % of the downstream and
upstream respondents in Kainji which was also in line with
recent observed trend of increasing number of rainy days
(Fig. 2d). A downward shift in number of rainy days
(p = 0.1) was observed between 1982 and 2007, a period
after which an upward shift is observed (Fig. 2d).

In Malanville, 87 % of the respondents were aware of
climate change and its impacts on water resources
(Table 2); 78 % reported that it led to increase in river

@ Springer
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Fig. 3 River discharge trend and flood perception in Malanville;
Boxes show percentage of respondents stating higher (red) or lower
(blue) conditions

discharge, 82 % highlighted greater floods, and 63 %
revealed that there was more water stress compared with
the past. At Kainji, perception of climate change was
dependent on location relative to Kainji dam, 97 and 88 %
downstream and upstream respondents disclosed that they
were aware of climate change and its influence in the
region (Table 2). Ninety-four and eighty-six percent of the
respondents from downstream and upstream said that cli-
mate change led to high river flow/discharge; flood and
water stress was dominant downstream Kainji dam as
disclosed by 91 and 69 %, respectively.

A vast majority (90 %) of the respondents in Malanville
disclosed that higher river flow led to greater floods in the
area (Fig. 3). Observations revealed that the Niger river
discharge at Malanville experienced a downward shift
(p = 0.1) in 1971 and 1985; however, increasing discharge
(p = 0.1) was observed from 1994 until 2010 (Fig. 3). At

@ Springer

Fig. 4 River discharge trend and flood perception in Kainji; pies
show percentage of respondents stating higher (red) or lower (blue)
conditions, while lines are 11 days moving averages of the time slices

Kainji, greater flooding was dominant downstream of the
dam as disclosed by 84 % of the respondents; against 19 %
upstream respondents (Fig. 4). Dynamics of the reservoir
level of Kainji dam (Fig. 4) showed slight fluctuations in
upstream water level in the three evaluated time slices.
Downstream outflow from the lake showed a rapid increase
from August to November in 2008-2010 which was not
observed in other evaluated periods.

At Malanvile, 98 % of the respondents disclosed rainfall
as a key climate variable that affected their activities, 81 %
agreed on land (soil and water) availability as another main
factor which determined their production (Table 2). The
importance of alternative water supply for agriculture
(irrigation/animal watering) and domestic purposes was
revealed by 59 % (Table 2). In Kainji, above 98 % on both
sides of the dam revealed rainfall as a key climate variable
that affected their activities while 63 % downstream and
48 % upstream identified land (soil and water) availability
as another main factor which determined the extent of their
production. Eighty-one percent of downstream and twenty-
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Table 3 Adaptations to climate change in Malanville and Kainji

Variable Response Malanville  Kainji (%)
(%)
Downstream Upstream
Deployment of  Yes 52 75 38
adaptation No 48 25 62
methods
Early warning Yes 43 47 53
systems No 57 53 47
NGOs Yes 31 0 7
No 49 81 84
Idonot 20 19 9
know
Recovery aid Yes 39 6 7
No 61 94 93
Collaboration Yes 25 9 10
No 42 28 72
Idonot 33 63 17
know

nine percent of upstream respondents disclosed the avail-
ability of alternative water supply as a variable factor of
economic production.

Adaptation mechanisms
Adaptation methods employed in the two locations are
indicated in Table 3 and Fig. 5. Although most of the

respondents claimed that they had perceived at least one
change in climatic attributes, 52 % of Malanville, 38 % of

(a)

upstream (Kainji) and 75 % of downstream (Kainji)
respondents had adaptive measures (Table 3). Investigation
of adopted soil and water conservation mechanisms in
Malanville (Fig. 5a) indicated that above 86 % respondents
deployed local drinking water treatment such as water
sediment coagulation, 44 % engage in measures of flood
control, 58 % in agroforestry (mixed cultivation of crops
and economic trees), 52 % in measures of reclamation of
flooded areas (land reclamation) and 48 % adopted soil
amendments with fertilizers.

At Kanji, there were differences in adaptation measures
depending on the location (upstream or downstream) of the
dam (Fig. 5a). Seventy-five percent of respondents’
downstream embraced flood control as valid means of
adaptation while only 18 % of respondents’ upstream used
flood control. Fifty and twenty-six percent of respondents’
downstream and upstream used water storage; 75 and 43 %
respondents’ downstream and upstream deployed treatment
of water, respectively. Agroforestry was practiced by 50 %
downstream and 78 % upstream, soil amendments were
generally low (28 % downstream and 32 % upstream), and
land reclamation was not a common practice in the area.

Malanville residents responded to declining rainfall by
seeking alternative water supply (for domestic use, irriga-
tion and animal watering) from rivers, lakes and small
wells (Fig. 5b). They also used adapted crop varieties or
moved into other economic activities (diversification).
Other methods are the reduction of the cultivated area, or
the use of small ponds. Some farmers (48 %) abandoned
their production. The residents of Kainji responded to
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decline in rainfall by seeking alternative water sources,
diversification into non agricultural activities (such as
selling water to other households) and reduction of the
farm size (Fig. 5b). The use of adapted varieties and small
water ponds was not embraced in Kainji, and abandoning
of farmlands was reported downstream by 75 % of the
respondents. In order to adapt to extreme flood events in
Malanville, more than 70 % of respondents diversify into
other sources of income for the duration of the flood
(Fig. 5¢). Other deployed methods are the construction of
dam/dikes, drainage, abandoning of flooded farm lands and
protection of exploited areas (such as reinforcement of
open water ponds by fish farmers) (Fig. 5c). At Kainji,
more than 90 % of the respondents’ downstream used
drainage and small dam/dikes for flood protection while
only 63 and 38 % of upstream respondents used such
methods (Fig. 5c). Other embraced flood adaptation
mechanisms in Kainji included abandoning of production
land and diversification into other sources of income.
Protections of properties during floods were not prominent
in the area.

The level of institutional adaptations investigated in
Malanville revealed that access to early warning systems of
extreme events is low in the area (43 %). Access to gov-
ernmental recovery aid was experienced by 39 % of
respondents while activities of non-governmental organi-
zations (NGOs) such as raising the awareness on impacts of
climate change and capacity building on methods of
resilience against floods were witnessed by 31 % of the
respondents (Table 3). Inter-communal collaborations in
combating impacts of floods on the communities were also
reported to be low (Table 3). Activities of NGOs in Kainji
were also low as highlighted by none of downstream and
7 % of upstream respondents. Governmental recovery aid
was given to 6 and 7 % downstream and upstream
respondents while early warning systems were available to
47 and 53 % respondents at the downstream and upstream,
respectively (Table 3). Inter-communal collaborations
were also low in Kainji (Table 3).

Discussion

The observed significant decrease (p = 0.05) in rainfall at
Malanville since 1970 was the result of a 150 km down-
ward shift in rainfall isohyets which resulted into rainfall
deficit of 180-200 mm all over West Africa from
1970-1990 compared to 1951-1969 (Lebel and Ali 2009).
The observed increase in rainfall from 1990 to 2010 in
Malanville (p = 0.05) and Kainji (p = 0.01) was due to
regional increasing rainfall pattern in the eastern part of the
Sahel (Amogu et al. 2010). This phenomenon was accrued
with higher rainfall in July compared with 1970-1989 dry
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periods (Lebel and Ali 2009). The observed significant
increase in discharge since 2007/2008 in Kainji and Ma-
lanville (p = 0.1) has increased the flooding risk, and in
combination with increasing population pressure led to
greater economic implications of flooding in the two study
sites. This is in line with the observations of Sarr (2012)
who reported an increase in annual flood events in 2007,
2008 and 2009 compared with annual floods from 1966 to
1980 in West Africa. Water levels in Kainji Lake showed
less variability as a result of the reservoir operation to
maintain a high water level for hydropower production.
However, during high inflow, excess water is discharged
through the spill gates and can result in severe flooding
downstream.

There was a close agreement between local perceptions
and observed trends in the two locations especially in the
most recent years. Higher rainfall was declared by
respondents from Malanville which was in line with ana-
lysis of regime shifts. Decreasing and increasing number of
rainy days prominent in Malanville and Kainji was in line
with local perceptions of lower and higher frequency of
rainfall in the two sites. The strong consistency between
the observations and the local perceptions was also
observed by Kalanda-Joshua et al. (2011) in Malawi where
local perceptions adequately capture recent key climatic
events. Mertz et al. (2009) made similar observations in
Eastern Saloum (Senegal) where farmers were strongly
aware of climate and had clear opinions on changes.
Similar matching between local perceptions and observed
trends was reported in Ghana by Kemausuor et al. (2011).
These studies also emphasized that local perceptions of
climatic changes can be used to complement climatic
studies and reduce effects of uncertain regional observa-
tions. Based on studies in Benin, Cuni-Sanchez et al.
(2012) suggested the use of local perceptions for comple-
menting climatic studies in the absence of reliable records.
Local observations could be used in determining data
transferability to poorly gauged basins. They can also give
a pointer to overlooked aspects and thus assist in formu-
lating viable research questions (Byg and Salick 2009)
along with assistance in coordination of intervention
efforts.

However, the discrepancies between perceptions
upstream and downstream of the dam highlighted some
important sources of bias in local perceptions when com-
pared with climate observations. Higher percentage of
respondents’ upstream the Kainji dam perceived the
recently increasing rainfall trend (p = 0.01) since 2008
(Fig. 2) against their downstream counterparts. Rainfall
station located at the upstream, tip of the Kainji lake
(Fig. 1), might not effectively capture rainfall trends in far
away communities. Similar observations were made in
Ethiopia by Meze-hausken (2004) where available monthly
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rainfall records hide changes in seasonal rainfall patterns
and led to some deviation between observations and local
perceptions. Morestill, the operation of the dam separates
the effects of river flow and has lead to different adaptation
measures upstream and downstream. This is relevant for
designing adequate interventions for individual communi-
ties around Kainji rather than treating the area as a single
unit. This is in line with the observations of Byg and Salick
(2009), who reported that perceptions give fine scale
information, which are shaped by local geographical
region, climatic differences and subsistence activities.
Reported higher water stress across the communities
despite an increase in rainfall and discharge may be due to
effects of population pressure and confirm previous find-
ings that population growth will place severe constraints on
water availability for development in Africa (Falkenmark
1990). A well-engineered efficient water use system might
be advantageous in mitigating water-related constraints on
development in the region (Vorosmarty and Douglas
2005).

Despite the enormous climate change challenges in the
study area and the impacts of flood and drought on the
economic activities of the local population, only about
50 % of the respondents deployed adaptation measures
(Table 3). This can be generally attributed to inadequate
and poorly coordinated governmental and non-govern-
mental interventions. Involvement of local populations in
designing and implementing these interventions could
reduce effects of hydro-climatic changes and improve
adaptive capacity of the region (Sissoko et al. 2010).
Higher adaptation of residents’ downstream Kainji dam
was due to flooding witnessed as a result of spill discharge
from the reservoir and shows that people that experiences
frequent flooding express more concern and greater will-
ingness to take action against climate change (Spence et al.
2011). Respondents embraced the use of local level water
treatment as a result of inadequate drinking water supplies
which keep the communities on high alert of water borne
disease like cholera that is rampant in the region (Okeke
et al. 2001). Other methods of climate change adaptations
include flood control which was disclosed to be highly
important for Malanville and residents’ downstream of the
Kainji dam.

Conclusions

Our study highlights the importance of indigenous
knowledge in climate change assessments and adaptations.
We evaluated the consistency of local knowledge and
responses to climate change with observations of hydro-
climatic variables in two Niger basin settlements. The two
settlements (Malanville and Kainji) along the Niger river

have gone through significant variations in precipitation
and river discharge which has different impacts at the local
scale. Perceptions of climate indicators were highly con-
sistent with observations demonstrating the value of local
knowledge. Indigenous people that carry large share of
climate change effects are typically excluded from official
climate interventions (Green and Raygorodetsky 2010), but
the integration of their knowledge could reduce effects of
deteriorating hydro-climatic observations and enhance
sustainable adaptations. Local populations gave important
information that could improve our understanding of cli-
mate trends in data scarce regions. However, impacts of
these climatic changes were dependent on environmental
factors (such as the location relative to a dam) and how this
is captured in local perceptions depends on people’s
memory capability in recalling recent events. These need to
be taken into account when evaluating and using local
people’s knowledge. Further research should aim at
unveiling methods that could be used to maximize explo-
ration of local intelligence on climate change and to help
develop locally targeted sustainable adaptation measures.
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