Point by point response to Reviewers comments
15t Reviewer

| don’t think that the authors adequately addressed my comments on their previous version.
Below are the points that | still find problematic.

Authors Response:
We are thankful for the comments of the referee and as in the first revision also in the second
one we have tried to address his comments as much as possible. Analytically see below:

- Some new information has been provided on the sampling method, but key information is still
missing. How many villages and towns (rural and urban settlements?) exist in the regions, and
how many people are living there? Did they conduct a stratified random sampling, or a different
method? How high was the response rate, meaning the percentage of households that did not
refuse to answer? When a household refused to participate in the survey, how did the
interviewer find an alternative household? — this is important because it could lead to a
selection bias

Authors Response:
The sampling approach is better described in the revised version. Addtionally we have included
Table 1 that includes all the info requested by the reviewer.

- Summary statistics (a standard table of the number of observations, the mean, the standard
deviation, etc.) need to be given for demographic characteristics of the respondents

Authors Response:
Table 2 has been added that included all the main demographic characteristics of the
respodents.

- | understand that there is no breakdown information on the cost estimates of floods and
droughts from the survey, but some more intuitions still need to be given about what these cost
figures may or may not include in the context of the studied areas. Right now, it is hard for the
reader to interpret these numbers in any ways as there is hardly any hint of what they really
mean.

Authors Response:

As in the first review also in this one we have to repeat that unfortunately due to the relatively
low incidence of cost damages among the respondents and the high rate of respondents who
could not indicate a loss value although being affected by an extreme event we prefer to
indicate only the average costs of floods and droughts. These values on their own are already
a quite important finding in this paper and especially in the context of Africa where such
estimations are rare. We tried using econometric modelling to correlate these values to other
attributes of the survey but again we did not find any significance, most probably for the above
mentioned reasons. In this context, trying to interpret the costs induces a high risk to provide
misleading information and therefore we prefer to provide the analysis as it is.

2"d Reviewer

Journal: NHESS Title: Assessing floods and droughts in the Mékrou River Basin (West Africa): A
combined household survey and climatic trends analysis approach Author(s): V. Markantonis et al.
MS No.: nhess-2017-195 MS Type: Research Article



Iteration: Second review

The paper aims at assessing the occurrence of floods and droughts events in the Mékrou river basin,
as well as at estimating damage costs at the household level and mitigation behaviours adopted by the
population due these kinds of events. To this aim, it combines a quantitative approach for detecting
hydro-meteorological hazard prone areas (through the analysis of gridded climate datasets) with a
quali-quantitative analysis of a household survey.

The paper is well structured, the research question is clear, methods are appropriately described but
results presentation and discussion is still poor and imprecise. In general, | would say that, although
the paper has significantly improved with respect to its first version and major concerns raised by the
two previous referees were mainly addresses, it still suffers of several technical imprecisions (also in
the English Grammar) and minor criticisms that prevent its publication in the present form.

In the following specific comments are provided.

Authors Response:

We thank the reviewer for his constructive comments. Specifically concerning the language, the
reviewed version has been gone through a thorough proof reading and is substantially improved.
Regarding all the other comments, we provide our response one by one as follows.

Specific comments
Introduction

In general, the literature review could be better organised to improve the comprehensibility of the
manuscript.

Pg. 2 line 1

“A recent study (Shiferaw et al 2014), for instance, found that frequent drought conditions have

limited the economic growth of many African countries and frustrated the benefits derived from
development strategies implemented in other economic sectors,” 2 Which other sectors? Not
clear

Authors Response:

The sentence was modifies as follows:

"A recent study (Shiferaw et al 2014), for instance, found that frequent drought conditions have
limited the economic growth of many African countries and frustrated the benefits derived from
development strategies implemented in the education and technological innovation sectors,
confirming also the findings of a previous study (Toya and Skidmore, 2007). "

Pg. 2 line 7

“For these reasons, in the recent past, the disaster risk management community has extensively
worked on the development of methodologies aimed at monitoring the risk prone areas and the
overall vulnerability of the population threatened by the hydro-meteorological hazards. Progresses
have been made in the assessment of the occurrence of extremes events, their magnitude, and the
expected climate change impacts. Additional efforts were directed towards the improvement of both
the assessment of risk and the estimation of the direct and indirect impacts, in particular related to
loss of human lives, economic activities, infrastructures, natural and man-made capital. Technical
advancement efforts allowed also an improved assessment of current mitigation measures and
policies” = References are required for this part

Authors Response:



The references for the mentioned sentences were added as requested.

The paragraph reads now as follows:

"For these reasons, in the recent past, the disaster risk management community has extensively
worked on the development of methodologies aimed at monitoring the risk prone areas and the
overall vulnerability of the population threatened by the hydro-meteorological hazards (UNISDR,
2017, 2013, 2011, 2008, 2004). Progresses have been made in the assessment of the occurrence of
extremes events, their magnitude, and the expected climate change impacts (Alfieri et al., 2012;
Hallegatte, 2012). Additional efforts were directed towards the improvement of both the assessment
of risk and the estimation of the direct and indirect impacts, in particular related to loss of human
lives, economic activities, infrastructures, natural and man-made capital (UNISDR, 2015). Technical
advancement efforts allowed also an improved assessment of current mitigation measures and
policies (Bouwer et al., 2011; Bubeck and Kreibich, 2011; Green et al., 2011; Logar and van den Bergh,
2011; Markantonis et al., 2012). "

Pg. 2 line 21

“Regarding cost estimation and impact assessment, instead, the knowledge about losses caused by
past extreme events is still limited for a detailed quantitative analysis in many of the African
countries. As described in Markantonis et al. (2012 and 2013), the methodologies used in literature
are various: Hedonic Pricing; Travel Cost; Cost of Iliness Approach; Replacement Cost; Contingent
Valuation; Choice Modeling ; and Life Satisfaction Analysis (Welsch and Kiihling, 2009; Luechinger
and 25 Raschky, 2009; Welsch, 2006).” = | guess these methodologies are not quantitative nor
based on knowledge about past losses, otherwise the two sentences are discordant. Please, clarify

Authors Response:
The whole sentence has been re-written.

Section 2

Although the full questionnaire is attached to the paper, a Table summarising main information (i.e.
data, parameters) collected by means of the survey can increase the comprehensibility of the
manuscript and also the analyses of significant variables in Section 3.4.

Pg. 5 line 1

“Following the data cleaning and validation of the survey, the information collected was processed
through statistical analysis including all the parameters investigated.” - Which are these
parameters? Please see the general comment before

Authors Response:
The parameters refer to all the questions included in the questionnaire; socioeconomic,
mitigation measures, cost estimates etc.

Pg. 5 line 23

“In the frame of household survey interpretation, quantitative estimates of these events are needed
to understand the underlying direct (rainfall and discharge) and indirect (heat-waves) factors that
have an impact on the respondents answers.” Which events are referred to? this sentence is not
related to the previous and following ones.

Authors Response:
The sentence has been reframed to: "In order to ensure an efficient interpretation of
household survey's results, quantitative estimates of trends in climate related variables are



needed to understand the underlying direct (rainfall and discharge) and indirect (heat-waves)
factors that have an impact on the respondents answers."

Pg. 6 line 16

“Additionally, in order to identify precipitation anomalies, we calculated the Standardized
Precipitation Index (hereafter SPI) proposed by McKee et.al (1993; 1995). This index could be applied
over different time scales, each providing information about the impact of a given anomaly on the
availability of water resources (WMO 2012).” = A better description of the index and its meaning
is required for non-expert readers.

Authors Response:

A more accessible description of the Standardized Precipitation Index, directed to a non technical
audience, was added as requested.The paragraph reads now as follows:

"Additionally, in order to identify precipitation anomalies, we calculated the Standardized
Precipitation Index (hereafter SPI) proposed by McKee et.al (1993; 1995). The SPI measures the
deviation of precipitation in a specific location from its long term mean and it is a widely used
indicator for drought monitoring. This index could be applied over different time scales, each
providing information about the impact of a given precipitation anomaly on the availability of water
resources (WMO 2012). In this study, the 3 months and 6 months SPI (hereafter SPI-3 and SPI-6) were
calculated, associated respectively to meteorological and agricultural droughts. Shorter time scales
SPl is considered, in fact, a good indicator of variations of soil moisture, while on longer scales (up to
24 months), it could be associated with groundwater or reservoir levels variation (WMO 2012)."

Pg. 6 line 23

“The results are given in units of standard deviation, indicating how far a given precipitation event is
below (drier events are associated with a negative SD) or above (wetter event, positive SD) the long
term normal distribution” = The sentence is not clear, please rephrase

Authors Response:

The sentence was modified as follows:

"The results are given in units of standard deviation (SD), indicating how far a given precipitation
event is below (drier events are associated with a negative SD) or above (wetter event, positive SD)
the long term normal distribution of the precipitation observations in a given location. SPI values
around the zero indicate a precipitation event in line with the long term precipitation in the specific
period, negative (positive) values indicate precipitation levels below (above) historical values. SPI
values could then be interpreted following a classification scheme where standard deviations are
categorized into different classes, each associated to different levels of wet or dry anomaly. In this
case we have divided the values following the seven categories proposed by Agnew (2000), where
previous thresholds defined by McKee et al. (1993) were replaced by alternative classes (Table 3)."

Pg. 6 line 28

“Finally, in order to get a general overview of the anomalies in the different administrative units, we
calculated the area percentage affected by each class over the entire time series” =  Figure S1
should be included in the paper to increase the comprehensibility of presented results

Authors Response:
Figure S1 was transformed in a table and included in the body of the manuscript (Table 3 in the

revised version of the manuscript).

Section 3



Please, be consistent in the units of measures and significant figures adopted in presenting the
results, both within the text and in the corresponding tables

Pg. 8 line 10

“In the period under consideration, mean annual temperature ranged between about 302 C in the
North to 26.52 C in the South. 10 April was the warmest month, with a maximum temperature of 402
Cin the North and 352 C in the South. Minimum temperature in the coldest month (September)
ranged between 192 C in the North and 152 C in the South, presenting the semi-arid region the
highest range of variation of about 252C.” & this part is not related to the contents of section
3.1.1. I would move this part in section 3.1.3 and change the section title into “Precipitation
patterns”

Authors Response:
The sentence was moved as requested and the section renamed.

Section 3.1.4
What the analysis of river discharge says about the occurrence of floods?

Authors Response:

Unfortunately, lack of information about historical flood events did not allow to draw conclusion
about possible flood propagation related with simulated discharge.

This was made clear in the section 3.1.4 by adding the following sentence:

"The analysis of the simulated river flows highlighted the large inter-annual variability of the
discharge. In about 8 of the 18 years under consideration, the average discharge was estimated to be
below the long term average by more than 20%, while in 4 instances the simulated discharge was
estimated to exceed the average by more than 20% (Figure 5). Although the analysis of the river
discharge saw daily values with river discharge unusually high respect to the average, due to lack of
data about flood propagation during historical events and detailed topography, we were not able to
estimate the possible number of flood events in the domain of the study."

Pg. 11 line 26

“Only a small percentage of the respondents (68 out of in total 660 interviewed households) stated
that they had not experienced any flood occurrence during the last two years (Table 4).” & The
table reports the opposite, please check

Pg. 12 line 16

“The cost of the recent floods is higher in Burkina Faso (Table 6), where the average cost for an
affected household in 334,326 FCFA (West Africa Francs) (approximately 495 Euro in 2017).” = (1)
495 euro in Table 6 refers to all the basin and not only to Burkina Faso. | guess authors want to refer
to the whole basin, please check (2) are three numbers after the comma significant/required? Please
check

Authors Response:

334326 FCA was 510 euro in 2017 (1 euro = 656 FCA). It has been corrected accordingly in the
text since it refers to Burkina Faso, not in the Basin. The comma in the whole document has
been used to indicate below thousand. Indeed it can be confusing and therefore it has been
removed from all the text and tables.

Pg. 13 line



“According to the multivariate regression model, the average cost of floods per household during the
flood events of the last two years (2014-2015) was equal to 390.92 euro” = (1) Data from the
survey were mainly reported in FCFA. Please, be consistent to allow comparison (2) are two numbers
after the comma significant/required? Please check

Authors Response:

We include all the values in FCFA as well as in Euro when referring to the total Basin values in
order to have a better comparison. The two numbers after comma are significant (0.92 euro)
if someone considers that some cents are spent daily in these country from individuals to
feed.

Section 4

Pg. 14 line 14

“Especially concerning droughts, 86.8% of the population reported that dry periods were more
frequent during the 15 ten years ranging between 2006 and 2015, while 23.3% experienced an
extreme drought event during the last two years (2014-2015) resulting in 3.93 extreme drought
events in average.” = In Section 3.1.5 authors report 4 droughts events in average. Please be
consistent with significant figures in order to allow comparison and increase comprehensibility

Authors Response:
It has been corrected in section 3.1.5 where now it indicates the average of 3.93 drought
events.

Pg. 15 line 7
“522 Euro” 2 | do not understand what this datum refers to, please check

Authors Response:
It has been corrected. The average cost of floods as indicated in Table 9 is 495 euro.

Pg. 15 line 5

“The cost assessment is two-folded based on the sample estimations as well as on the results of the
application of two linear multivariate regression econometric models. The average costs caused by
flood events in the period 2014-2015 was estimated in 522 Euro per affected household basing on
the average declared losses. Regarding the cost assessment of extreme droughts, the average value
of the sample was 390 Euro per household” = | think that a comparison between observations and
model is required along with a discussion on usability of model results. Nonetheless, given that the
main reason for the model is to explain significant variables for damage costs, a comment on
significant variables should be added to section 4.

Authors Response:

We used the statistical sample analysis to estimate the costs of floods and droughts while the
econometric models were applied to define the most significant variables. We think that this
is already well explained in the paper.

Pg. 15 line 23
“In developing countries where information is limited such a coupling approach could integrated
local characteristics and perceptions into natural hazards planning policies providing more efficient



mitigation measure” = some examples should be supplied on the use/usefulness of collected
information in practice, to be more explicative

Authors Response:
Some examples for the use of the collected information have been added.

Tables

In general, captions are quite generic and could be improved in order to better reflect the contents
of the tables

Table 2 > Are six numbers after the comma significant/relevant? What do they mean/tell?

Authors Response:
The values have been reworked and only two numbers are provided after the comma.

Table 52 percentages should be reported beyond total count, to be coherent with the other tables
and to increase the significance/understanding of data

Authors Response:
In this case, since the numbers are not too high and not distributed in many categories we selected
only the absolute numbers to demonstrate the data.

Table 6 2> (1) Are three numbers after the comma significant/relevant? What do they mean/tell?
(2) commas are missing in the first column

Authors Response:
See above comments. Commas indicating below thousand have been removed from the whole
document.

Figures

Figure 12> (1) Caption is missing. (2) Numbers can be added near survey points to highlight the
number of surveys carried out in each point

Figure 2 > The figure is illegible in printed versions. Data in the table are not understandable
without a description. | suggest to redraw the figure, representing also table data in graphs

Figure 3> Please indicate the long-term average in the figure. The unit of measure is missing on
the y axis.

Authors Response:
All three Figures have been redrawn according to the reviewer’s comments.

References

| did not check the correspondence between the list of references and quotations in the text, as well
as availability of all references, for lack of time.

Authors Response:
The correspondence of references has been cross-checked.



List of Changes

Pagel: Abstract has been further revised.

Page 1 and 2: The literature review has been revised and improved according to the
comments of the second reviewer.

Page 4: The survey process has been improved and more information has been provided
regarding the sample selection and the administration of the questionnaires, while two tables
have been added including sampling and demographics of the respodents.

Page 15: The conclusions have been further improved.

General: A thorough language proofing has been applied to the manuscript.

For more detailed changes see above how we addressed each comment of the reviewer.
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Abstract. The assessment of natural hazards such as floods and droughts is a complex issue demandingthat demands integrated
approaches and high quality data. Especially in African developing countries, where information is limited, the assessment of
floods and droughts, though an overarching issue irfluencingthat influences economic and social development, is even more
challenging. This paper presents an integrated approach to assessassessing crucial aspects of floods and droughts in the
transboundary Mékrou River basinBasin (a portion of the Niger basinRiver Basin in West Africa}), combining climatic trends
analysis and the findings of a household survey. The multi-variablesvariable trend analysis estimates, at the biophysical level,
the climate variability and the occurrence of floods and droughts. These results are coupled with thean analysis of household
survey data that reveal-behaviorsreveals the behaviour and opinions of-the local residents regarding the observed climate
variability and occurrence of flood and drought events, household mitigation measures and the impacts of floods and droughts.
Based on survey data analysis, the paper provides a per-household cost estimation of floods and droughts that emerged
duringoccurred over a two-years-year period (2014-2015). Furthermore, two econometric models are set up to identify the

factors that influence the costs of floods and droughts efto impacted households.

1. Introduction

Extreme meteorological events likesuch as droughts and floods represent an important limitation for the development of the

poorest countries, impacting in particular the most vulnerable portion of the population. In these countries, agriculture remains

the main economic activity, and farming practices are mainly represented by rainfedrain-fed agriculture (Rosegrant et al.,

2002). Agriculture, a sector extremely vulnerable to extreme events, is the main source of income-er-mere and often represents
the only means of self-sufficiency; of the poorest portions of the rural population in the least developed countries, as-in-the
ease-of-Subincluding sub-Saharan Africa (Gautam, 2006; Hellmuth et al., 2007). Extreme events cause loss of lives, damage
to dwellings and vulnerable rural infrastructures, reduction of capital stock, and agricultural and industrial production losses;

and-threaten-mere-in. They also pose a general;_threat to food security and development-causing, leading to shocks in labour

productivity, energy security, and political instability (Dell et al., 2014; Hsiang, 2010). FleedFloods and droughts,
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jointlytogether with the-other natural disasters-categeries, were found to behave a particularly impacting-indamaging impact
on the African continent, in particular fer-what-eencernswith respect to fatalities, affected population, and economic damages
(Cavallo, 2011). A recent study (Shiferaw et al., 2014), for instance, found that frequent drought conditions have limited the
economic growth of many African countries and frustrated the benefits derived from development strategies implemented in
other-econemicthe education and technological innovation sectors, confirming atse-the findings of a previous study (Toya and
Skidmore, 2007). Precipitation-dechine-Reduced precipitation was found to be responsible effor about 15 to 40-% of the gap
between the per capita Gross Domestic Product of the-African economies respeettoand that of the rest of the developing world

(Barrios et al., 2010). The negative impact on economic growth of the stresses due to ever-increasing dry conditions and
precipitation stresses-was also confirmed alse-by Berlemann and Wenzzel (2015)-that), who found drought--prone countries

to be generally eharacterizedcharacterised by a-lower education levellevels, lower savings+atesaving rates, and higher fertility
levels. For these reasons, in the recent past, the disaster risk management community has extensively worked on the
development of methodologies aimed-at-moniteringthat aim to monitor the risk--prone areas and the overall vulnerability of
the population threatened by the hydro-meteorological hazards—Pregresses-have (UNISDR, 2017; 2013; 2011; 2008; 2004).

Progress has been made in the assessment of the occurrence of extremesextreme events, their magnitude, and the expected

climate change impacts. (Alfieri et al., 2012; Hallegatte, 2012). Additional efforts were directed towards the improvement of

both the assessment of risk and the estimation of the direct and indirect impacts, in particular those related to loss of human
lives, economic activities, infrastructures—infrastructure, and natural and man-made capital- (UNISDR, 2015). Technical
advancement efforts also allowed alsefor an improved assessment of current mitigation measures and policies—Fhe- (Bouwer
et al., 2011; Bubeck and Kreibich, 2011; Green et al., 2011; Logar and van den Bergh, 2011; Markantonis et al., 2012).
However, the benefits derived from the progressesprogress made in this discipline-hewever; were mainly concentrated in the

most developed and technically advanced countries, where information is more easiyreadily available and mitigation strategies
are more likely to be effectively implemented- (UNISDR, 2015). In the case of the-African countries, the assessment of the
physical eoempenentsimpacts of the-hazard sideevents followed the general level of technical development:-as. As in the most
advanced countries, in fact, the assessment-ef-the-occurrence of floods and dreught-has-been-conducted-through-the-application

efdroughts was assessed by applying remote--sensing--based techniques, analysing precipitation and temperature records and

their spatio-temporal distribution, as for instance in the-case-of Ngigi-et-ak—-{2005)-for-a case study in Kenya:_carried out by
Nagigi et al. (2005).

Although several guantitative and qualitative

approaches have been developed in assessing costs of natural hazards, tinformation about losses caused by past extreme events

is still too limited fer-to facilitate a detailed guantitative-cost estimation and impact assessment analysis infor many ef-the

African countries. As described in Markantonis et al. (2012-and; 2013), the methodologies used in_the literature are various:
Hedonic Pricing; Travel Cost; Cost of Iliness Approach; Replacement Cost; Contingent Valuation; Choice Medeling
Modelling; and Life Satisfaction Analysis (Welsch and Kiihling, 2009; Luechinger and Raschky, 2009; Welsch, 2006). In this
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study, however, it was decided to estimate the cost of natural disasters in the case study area throughbased on the direct
testimony provided-byof the affected population. Several studies made-use-efused household surveys to acquire qualitative
and quantitative information from the local population and-use-theknewledge-coHeetedin order to estimate the damages of
past hydro-meteorological events (as, for instance, in: Fitchett et al., 2016; Ologunorisa and Adeyemo, 2005). Depending on
the key economic sectors of the case study area, various examples of cost and impact assessment could be listed. Among the
most representative-could-be-mentioned were studies analysing the following sectors: health (Schmitt et al;., 2016), agriculture
and food security (Ngigi et al., 2005; Shiferaw et al., 2014; Shisanya and Mafongoya, 2016), and tourism (Fitchett et al., 2016).
FheAn analysis of the hazard components and the various impact assessments conducted in the recent past; allowed for the

evaluation of risk mitigation measures and adaptation strategies. For instance, Shisanya & Mafongoya (2016)ferinstanee)

analysed the effectiveness of shifts in agricultural practices; Brower et al. (2009) focused on the evaluation of the installation
of risk mitigation infrastructures; Oyekale (2015) analysed the implementation of more advanced forecasting and early warning
systems; Halsnas & Traerup (2009) focused on the implementation of specific integrated policies and practices for floedfloods
and dreughtdroughts. In some of the-mentionedthese studies, cost-benefit and willingness-to-pay analyses were used to add
quantitative evidence to the qualitative deseription-of-the-case-studies-tn-objectdescriptions.

The objective of this paper is to assess the occurrence of fleedsflood and éreughtsdrought events-as-weH-as—te, estimate of

damage costs at the household level, and finaly;describe the current mitigation behaviours adopted by the population inof the

Mékrou river-basinRiver Basin, a small catchment area in WesternWest Africa. It combines a quantitative approach for
detecting hydro-meteorological hazard--prone areas (through the analysis of gridded climate datasets) with a guali-qualitative

and quantitative analysis of a household survey. This approach allows eomparing—for the comparison of physical

analysisanalyses of extreme events with human pereeptionperceptions of the flood and drought phenomena in the Mékrou
river-basinRiver Basin. The household survey eeHectsprovides sufficient information to eenduct-an-estimation-efestimate the

impacts of natural hazards impacts-in terms of economic cost, and to present the most widely adopted mitigation behaviours.

Mékrou is a sub-basin of the Niger River, covering an area of 10,635 km2, about 3% of the total Niger Basin surface, erossing
the-borders-efacross three countries: Benin (80% of the basin territory), Burkina Faso (10%) and Niger (10%). Mean annual
precipitation ranges from a maximum of about 1,300 mm in the southern region and 500 mm in the north;-being-the. The wet

season occurs between June and September, with an-average cumulated rainfall of 700 mm. Femperature-is-Temperatures are

also highly variable in space and time. WarmestThe warmest and coldest months are April and September, respectively. Mean
annual temperatures spatiathy—vary between 26-26°C and 30°C, being-thereaching a maximum of 35-406—C40°C and the
minimum of 15-19°C19°C. The Mékrou catchment is located in a temperate transitional area eharacterizedcharacterised by a
wet season peakingthat peaks in augustAugust and a long dry season spanningthat spans the period December-April (Masih et
al., 2014). During the wet season, the whole Niger River basinBasin is subject to regular floods-and-extensive. Extensive
research has been conducted on its complex hydrology-made-unigue, which is characterised by thea large system of lakes and
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wetlandwetlands known as the Inland Delta (Bader et al., 2016; Tarpanelli et al., 2017), while lowerless attention washas been
given to the Mékrou sub-basin. Flood and drought events are extremely frequent (Froidurot & Diedhou, 2017), whileand the
impacts of climate change on their frequency and magnitude is unclear (Gautam, 2006). The Mékrou basinRiver Basin is
charaeterizedcharacterised by lack of or poor infrastructural development and very low socioeconomic conditions. Agriculture
is the key economic sector, with the arable land used for food production, cattle farming, and the production of cotton. Fhat

forTherefore, climate variability constitutesis the main threat forto the food and economic security of the area.

TFheThis paper structure-is the-follewingstructured as follows: Section 2 presents the methodological framework beth-regarding
the development and application of the household survey (section 2.1) as-weH-asand the analysis of the biophysical variables
(section 2.2). The findings of this integrated approach are shewngiven in Section 3. This section analytically presents the
findings regarding precipitation patterns, temperature and river discharge in the Mékrou river-basinRiver Basin. Moreover, it
includes the main findings of the household survey concerning the observed occurrence of floods, droughts and climate
variability, household mitigation measures, the impacts of floods and droughts, and-finatly an econometric estimation of the

costs of floods and droughts. Section 4 summarises the main findings of this approach, discusses its potential and limitations,

and presents the main conclusions.

2. Methodology
2.1 HoeuseheldsHousehold survey implementation and analysis techrigues

A household survey aimed-at-evaluatingto evaluate several water--related dynamics, including extreme natural hazards, was
designed in 2015 and conducted in early 2016 (February to April). Specific villages and towns were selected to include a
geographically representative sample of the river basin that belongs to the three countries (Benin, Burkina Faso, and Niger).
The selection process was designed to keep a balance amengbetween urban and rural settlements. The number of the-selected
households proportionally represents the total population of each-selected-vitlagethe respective villages or town-asweH-astowns

selected, and the number of households per country represents the country’s population within the basin. HeuseheldSince there

were no available lists of households including their socioeconomic conditions we have selected them randomly based on their

location in the village/town keeping a distance of five households between the interviewing ones-every-five-househelds. Table

1 presents the detailed sample and population of the selected villages. Househelds-were-selected-randomby. —The survey was
implementedcarried out by experts of the Joint Research Centre of the European Commission in cooperation with local

universities from Benin, Niger and Burkina Faso. Fhe-Interviews were conducted in person by a team of students supervised
by a professor for each efcountry. Before starting the eeuntries—Fhesurvey, the students received a-training beferestarting-the
survey-wherein which the questionnaire was thoroughly explained and discussed-with-them. Since the area is francophone, all

the material used was written in French. The fact that the survey was conducted by students of local universities facilitated the

communication with the local population, overcoming possible language erand cultural barriers-. Prior to the conduction of
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the survey the survey country administrators have visited each selected village and informed the local authorities. This process

secured the acceptance of the survey on the ground resulting to a 100% response rate. The information included in the

household survey aims to retrieve opinions and observations based on personal judgement. A mainlarge section of thisthe
survey was-to-identifyfocused on identifying and assessassessing the impacts and costs of flood and drought events, climate
variability as well as household mitigation measures. Regarding the occurrence of floods and droughts in the study area, two
time periods were selected: 10 years (2006-2015) and 2 years (2014-2015). The logic behind this selection was to identify the
most recent events (2 years), for which the local households eeuld-still havehad a fresh memory enof the impacts suffered
while-affected:. The second time period (10 years) offers a longer assessment of climate variability and_the occurrence of
floods and droughts, which could potentially still be evaluated according to personal judgement. The whole questionnaire is
included in Appendix A.

Table 1. Sample and population of the survey area

The survey process resulted tein the collection of 660 randomly surveyed questionnaires retrieved from the areas of the three
countries (Benin, Burkina Faso, and Niger) that are located in the Mékrou catchment (Figure 1). Specifically, 332
questionnaires were collected in 16 villages from the municipalities (called “Communes” in French) of Banikoara, Kouande;
and Kerou; in Benin:; 148 questionnaires were collected in 6 villages from the Communes of Diagaga and Tansarga in Burkina
Faso;; and 180 questionnaires were collected in 8 villages from the Communes of Falmey and Tamou in Niger. The total
number of surveyed households offers a-meregreater than 95% significance in the statistical findings (a_minimum of 400

questionnaires minimumare required for 95% significance rate). In Table 2 we present basic information on the socioeconomic

characteristics of the surveyed population.

Figure 1. The Mékrou river-basinRiver Basin and the household survey area

Table 2. Socioeconomic characteristics of the surveyed sample

Following the data cleaning and validation of the survey, the information collected was processed—through—statistical

analysisstatistically analysed including all the parameters investigated in the questionnaire. The survey responses were
evaluated using descriptive statistics aggregatingthat aggregate data both at river—-basin and at country level. t-this-way;
theThe findings were analysed at the river--basin scale, illustrating;-at-the-same-time; the differences amengbetween the three

countries.

Apart from the statistical analysis, an econometric estimation was applied to identify the specific parameters that are highly
correlated to the costs of droughts and floods that eccurredwere incurred in the last two years of the study (2014-2015). Hence,
besides the cost estimation based on the sample mean, two econometric models were set up investigatingto investigate the
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determinants of flood and drought costs following a cause-effect logic. Performing a thorough multi-variate regression ameng
eostscost analysis of floods and droughts as stated in the survey and other covariates;- (such as socioeconomic characteristics
of the population, impacts, and mitigation measures;) led to the construction of models that could be-eventuathy used to explain
the costs of extreme hydro-meteorological events. Several types of regression models were tested, both linear and logarithmic.
EventuallytinearLinear multivariate regression models were selectedfinally chosen since they fitted the selected variables
with a higher statistical performance_level. Moreover, in order to ensure_the coherence and readability of the models, only
independent variables whose P-value was less than 0.05 were selected. One independent variable with a P-value highergreater
than 0.05 was included due to its importance in the context of the analysis—Hs, but its value (0.068)-hewever;) is still below
the least acceptable P-value (0.1). R-square and F-test values were estimated-as-wel-as, and correlation was-tested-among the
independent variables was tested in order to avoid bias in the model due to collinearity-among-the-selected-variables.

2.2 Analysis of biophysical variables: precipitation, temperature, and river discharge

Precipitation and temperature patterns and changes are the main drivers affectingof local peptlatienpopulations' perception

abeutof water availability, especially in an area where the main economic activity is based on rainfedrain-fed agricultural

production. In order to ensure an efficient interpretation of household survey's results, quantitative estimates of trends in

climate related variables are needed to understand the underlying direct (rainfall and discharge) and indirect (heat-waves)

factors that have an impact on the respondents answers. AnatysisAs analysis of rainfall events above and below the long-term

average distribution in conjunction with inter and intra-annual analysisanalyses are useful te-depietfor depicting anomaly
patterns and trends,-thus—they-coentribute-te. They help better understand, for example,_the main drivers of meteorological
droughts. This is particularly relevant in order to compare local peputatienpopulations’ perception enof climate variables with
quantitative estimates. Characterization-of-eventsEvents above and below the long-term rainfall average distribution were
studied in conjunction with intra-annual precipitation analysis-were-studied. To complement this, we analysed river discharge
regimes, as precipitation anomalies could be translated into hydrological droughts, thus; generating a water resource imbalance,
reduced groundwater level-deereaselevels, reservoir depletion, etc. (Liu et al., 2016). Secondly, considering the increasing
number of heat-wave-eventsheatwaves that occurred during the lastpast decade in Africa (Ceccherini et al., 2017), we have
studied itstheir magnitude and spatio-temporal evolution in the Mékrou Area of Influence to explain possible misperceptions
that could arise in the surveys. The objective was to compare both precipitation and temperature stress with survey’sthe survey
results, offering empirical evidence of their concurrence, or-eventuaty explaining the underlying causes of possible contrasting
results.

2.2.1 Precipitation pattern analysis

AnnualDescriptive statistics of annual and seasonal rainfall deseriptive-statistics-were analysed jointly with the results of a
Seasonal Kendall test for monotonic trend (SK) applied everto precipitation data derived from the Climate Hazards Group
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Infrared Precipitation with Station data v. 2.0 (hereafter CHIRPS). This database has a spatial resolution of 0.05°,
corresponding to approximately 5 km (at the equatory)), and covers all longitudes in the latitude range 50°S-50°N spanning a
time horizon inetluded-rof 1981 to the peried-1981-present daysday (Funk et- al., 2014). The SK test used is based on Hirsch
and Slack (1984) and it was applied over two different time ranges: the entire time series (about 35 years), and over the last
ten—years—the-year period considered in the household survey- (2006-2015). The test is a modified version of the
previeustyprevious SK test proposed by Hirsch et al. (1982), and attempts to reduce variablesthe serial dependence;-being_of
variables (given that seasonal precipitation data are serially correlated-). Both are based on the non-parametric Mann-Kendall
test (Mann, 1945;; Kendall, 1975;; Warren and Gilbert, 1987). MagnitudeThe magnitude of trends are calculated by-means
ofusing Sen’s Slope Estimator and Kendat-tauKendall's Tau as the rank correlation coefficient.

AdditienathyIn_addition, in order to identify precipitation anomalies, we calculated the Standardized Precipitation Index
(hereafter SPI) proposed by McKee et-al{1993:-1995). al. (1993; 1995). The SPI measures the deviation of precipitation in a
specific location from its long-term mean, and is a widely used indicator for drought monitoring. This index could be applied

over different time scales, each providing information about the impact of a given precipitation anomaly on the availability of
water resources (WMO, 2012). In this study, the 3-menths-month and 6-menths-month SPI (hereafter SPI-3 and SPI1-6) were
calculated, associated respectively tewith meteorological and agricultural droughts. A shorter SPI time scale is considered to

be a good indicator of variations in soil moisture, while on longer scales (up to 24 months) could be associated with

groundwater or reservoir variations (WMO, 2012). For the purpose of this paper, beingas the Mékrou communities’ economy

is mainly based on rainfedrain-fed agriculture, we focused on the precipitation anomalies everduring the wet season, presenting
the SPI-3 for the period June-August (JJA), and the SPI-6 for the period included-between-April andto September (AMJJAS).
The results are given in units of standard deviation; (SD), indicating how far a given precipitation event is below (drier events
are associated with a negative SD) or above (wetter event, positive SD) the long-term-normal-distribution.-term normal
distribution of the precipitation observations in a given location. SPI values of around zero indicate a precipitation event in

line with the long-term precipitation of the specific period, negative (positive) values indicate precipitation levels below
(above) historical values. SPI values could then be interpreted following a classification scheme where standard deviations are
categorizedcategorised into different classes, each associated tewith different levels of wet or dry aremakyanomalies. In this

case we have divided the values following the seven categories proposed by Agnew (2000), where previous thresholds defined
by McKee et al. (1993) were replaced by alternative classes (Figure-SiTable 13). Finally, in order to get a general overview
of the anomalies in the different administrative units, we calculated the area percentage affected by each class over the entire

time series.

Table 13. Standardized Precipitation Index categorization and associated probability of occurrence (Agnew 2000)
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2.2.2 Heat-waveHeatwave analysis

Russo et al. (2015) defined the Heat-waveWave Magnitude Index daily (hereafter HWMId),) as the maximum magnitude of
the heat-wavesheatwaves in a year, where a heat-waveheatwave is defined as a period equal to or highergreater than three
consecutive days with maximum temperature above a daily threshold calculated for a 30-year leng-reference period. The index
is based on daily maximum temperatures, taking the intensity and duration of the event into account. In our case, the source
used to retrieve the maximum daily temperatures is the ERA-Interim reanalysis dataset (Berrisford et al., 2011; Dee et al.,
2011) available from 1979 onwards, with an approximate spatial resolution of 80 km at the equator. The index was applied to

study these events for the fastpast 35 years across the study area.

2.2.3 Discharge in the Mékrou riverRiver

In order to have a quantitative estimation of water availability within the Mékrou riverbasinRiver Basin, the hydrological
model SWAT (Neitsch et al., 2011) was setupset up and calibrated to assess annual and monthly river discharge. The SWAT
model integrates all relevant eco-hydrological processes, including water flow, surface runoff, percolation, lateral flow,
groundwater flow, evapotranspiration, transmission losses, nutrient transport and turn-over, vegetation growth, land use, and
water management. SWAT subbasinssub-basins were delineated using the ArcSWAT interface with a Digital Elevation Model
with-aof 90- m spatial resolution, resulting in 32 subbasinsub-basins for the whole area.

The historical discharge data recorded at the Barou gauge station (outlet of the river basin) and at the Kompoungou {gauge
station (a draining area isthat accounts for about 56% of the river basin)-gauge-stations were used for model calibration. Lack
of data availability represents a huge limitation for the hydrological analysis of the basin. Fhe-mentionedIn addition, these
discharge observations—n-fact-cever are incomplete, as they are only available for a limited and-retoverlyingperiednumber
of years (1990-2000 for Barou and 2004-2013 for Kompoungou)-and-are-nret-complete:). We used the SWAT-CUP program
and manual setup to calibrate the outflow inof the two monitoring stations—reaching, and obtained satisfactory efficiency

statistics (Moriasi et al., 2007) at monthly sealescales. In Barou, the NSE (Nash—Sutcliffe model efficiency coefficient—; Nash
and Sutcliffe, 1970) is 0.87 and linear regression R? is 0.88, and in Kompoungou, the NSE is 0.77 and R? is 0.71. We used the

SWAT-medeled-modelled discharges to consider an extended time period, required in particular to take into account climate

variability, and to cover areas of the basin where observations are not available.
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3. Results
3.1 Biophysical variables: precipitation, temperature, and river discharge
3.1.1. Precipitation-and-heat-wave patterns

Mean Annual Precipitation in the study area varies from 500 mm in the northern administrative units (Bottou, Tamou, Kirtachi
and Falmey), to abeut-a maximum of about 1,000-1,300 mm upstream in the southern portion of the basin (Kouandé, Kérou
and Banikoara (Figure S2S1). Generally, rainfall is highly variable in time and space, and follows a cyclical trend of wet and

dry periods. The mean monthly precipitation for the wettest month (August) in the southern and northern regions varies

between 200 mm and 300 mm, respectively, with the driest months (November-February) being close to zero.

—Comparing the precipitation patterns everof a short- (2007-2016)
versusand a long- term (1981-2006), it was possible to identify a slight decrease efin rainfall during August and September,
while a moderate increase was detected during June and July (Figure 2). ergHowever, long- and short--term Seasonal Kendall
anakysisanalyses, performed at a significance level o= 5%, hewever—waswere not able to identify any significant trend (Figure
2). Some spatial differences were identified analysing the last 10 years of the study: in that regardsregard, negative slopes were
detected in the southern regions of Benin.

Figure 2. ComparisonBox-whiskers plot comparison of seasenrakdistribution-efmonthly precipitation for the first 25 years of the time series
versus the last 10 years {left}-and Seasonal Mann-Kendall results—(right).. The Seasonal Mann-Kendal test performed did not highlight
significant (p-value <0.010) increasing or decreasing trends in the analysis of the two precipitation time series.

3.1.2 Precipitation stress analysis

The results of the SPI1-3 and SPI1-6 analysisanalyses highlighted a period of moderate to extreme droughts during the earlier
part of the 1980s; this could be-also neticedbe seen in mean monthly precipitation values, where the overall rainfall ameunt
from 1981 to 1985 is noticeably belowless than the long-term average (Figure 3). After this period, the positive erand negative

anomalies were found to be more erratic, presenting an-alternatedalternate series of positive and negative events, such as some

severe wet anomalies in the southern regions in 2003 erand drought events in the-rerthnorthern regions in 1997. Regarding
the last ten years;-there-are of the study period, only few drought anomalies affectingaffected at least 40% of the administrative
areas. tn-particular—theThe northern portion of the basin in Niger (communes of Tamou and Kirtachi) was affected by a
moderate to severe drought event during 2011, while in 2014 a similar event hit the southern portion of the basin in Benin
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(Banikoara, Kérou, Pehinco and Kouandé). On the other hand, severe to extremely wet anomalies; were recorded
predominantly recorded during the years 2003, 2005, and 2007 in the entire Mékrou Area of Influence.
SummarizingSummarising the results derived from the analysis of the SPI, we found that the decade considered in the
household survey was mainly eharacterizedcharacterised by precipitation in line with the long-term average. The anomalies
were not particularly intense and most frequently related to wet conditions #when considering the meteorological precipitation
stress indicator (SPI-3—: 18 wet versus 15 dry anomalies), while a predominance of dry conditions was recorded when
considering the agricultural precipitation stress (SPI-6: 17 dry versus 14 wet anomalies) (Figures S3S2 and S4S3).

Figure 3. Temporal monthly precipitation profile for the Mékrou Area of Interest
3.1.3 Heat-wavesHeatwaves

The spatio-temporal evolution of the heat-wave-magnitude-index-Heat-Wave Magnitude Index (HWMI) between 1981 and
2015 is presentedrepresented in Figure 4. Despite some isolated events during 1987-1988 and some ether-extremeextremes in

1998, the analysis highlighted a eenstantconstantly increasing trend efin the heat-waves’heatwave magnitude, starting in 2004.
The spatial pattern, insteadhowever, is not clear, beingas the whole Mékrou Area of Influence was affected. In 2005, the HWMI
was found to be higher in the central and northern partparts of the basin, while in-2006-the highest values in 2006 were recorded

in the southern part, and in the northern part in 2010 (Figures S5S4 and S6S5).
In the period under consideration, mean annual temperature ranged between about 30° C in the North to 26.5° C in the South.

April was the warmest month, with a maximum temperature of 40° C in the North and 35° C in the South. Minimum

temperature in the coldest month (September) ranged between 19° C in the North and 15° C in the South, presenting the semi-

arid region the highest range of variation of about 25°C.

Figure 4. HWMI index computed for 1981 to 2015 enfor the Mékrou River area

3.1.4 River water flow trends

The annual river discharge resulting from model simulation for the period 1995-2012 is presented in Figure 5. The first 5 years

of the simulation period (1990-1994) were discarded to consider an adequate model spin-up period.

Figure 5. Mékrou—riverDaily average discharge of the Mékrou River at the Barou station, as modelled using SWAT for the period 1995-
2012. The dashed line indicates the average of the total period under consideration.
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Modelled discharge in the period under consideration averaged around 24 m®/sec, corresponding to an average annual water
flow of about 760 Mm? (ranging from 190 to 1,400 Mm? respectively-in 1997 and 2008)-—Spatial, respectively). The spatial
distribution of the water resources fellewfollows the topography of the basin, making the headwaters;- (where annual discharge

remains below 100 Mm?®;) particularly subject to inter- and intra-annual variability (Figure $S8S7). High annual variability of
the river discharge is an important issue for the sustainable water use in the basin, especially considering that agriculture is the
main economic activity and the lack of water storage infrastructures in the basin. Intra-annual discharge variability in the
Mékrou river-basinRiver Basin follows the seasonal precipitation seasenal-patterns: most abundant flows are reached after the
rainy season peried-(July-November), beingwith the peak flow being reached in the period Aug-Sep-Oct (Figure S7S6).

The analysis of the simulated river flows highlighted the large inter-annual variability of the discharge. In about 8 of the 18

years under consideration, the average discharge was estimated to be below the long term average by more than 20%, while

in 4 instances the simulated discharge was estimated to exceed the average by more than 20% (Figure 5). Although the analysis

of the river discharge saw daily values with river discharge unusually high respect to the average, due to lack of data about

flood propagation during historical events and detailed topography, we were not able to estimate the possible number of flood

events in the domain of the study.

3.1.5 Analysis of the population perception on the occurrence of extremesextreme events and climate variability

The household representatives statedgave their personal epinienopinions on the occurrence of specific extremesextreme events
in the Mékrou basinRiver Basin during the last ten years of the study period (2006-2015) (Table 424). The selection of this 10
years-year framework allows andfor a relatively mid-term assessment of-the past climatic events. Regarding the occurrence of
droughts, 86.8% of the households declared an increasing trend in the period under consideration. This percentage is lower in
Niger, but still censiderablyquite high (71.5%). In addition, the vast majority of the local population (88.5%)
estimatesestimated that the levels of rainfall decreased during the last ten years- of the study period. This result is particularly
evident in Benin and Burkina Faso (93.7% and 95.3%%, respectively). Not only did the rainfall decreaseddecrease but-alse,
according to the local population; (92.7%)%), the seasonal distribution also changed. In fact, the majority of the respondents
(83%) statesstated that the rainy season started with a delayed onset during the last 10 years of the study period, whereas almost
the—tetatityall respondents (91.8%) declared an earlier end efto the season. Regarding heat-wavesheatwaves, 76% of
Meékrousthe interviewed population (62% in Benin) stated that periods of intense heat-waveheatwaves became longer during
the last 10 years- of the study period. Regarding the number of events experienced, an increasing number of drought events
were recorded-and-appeared-in, with a general frequency mainly-from-neneof 0 to 6 events. On average, the local population
experienced approximatehy-4in average 3.93 drought events if-consideredwhen considering the whole Mékrou basinRiver
Basin (Table 23). The number is higher in Burkina Faso (4.8 events) and slightly lower in Niger (3.4 events).
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Concerning flood events, the-opinions are less homogeneous over the whole Mékrou area. The majority (62%) of the
respondents stated that fleedsflood frequency did not increase over the pastlast 10 years of the study period. This trend is quite
heterogeneous among the three countries: 84.9% of the households in Benin agreed with the majority, the responses are
discordant in Burkina Faso, whereas in-Niger-72.2% of the respondents in Niger found an increasing flood frequency in the
period under consideration. When asked about the aumbersnumber of flood events experienced, almost one third of the families
stated that no flood events_had occurred. The remaining replies are mostly distributed among 1 (23.3%), 2 (17.4%) and 3
(13.1%) events. As for the change in the frequency of the events-fregueney, this eceurrence-isdifferent-when-toekingvaried
across the three countries. In Beninese-partBenin, 60.7% of the population did not experience any flood during the last 10
years: of the study period. On the other hand, the-largerflood-eventlarge numbers areof flood events were recorded primarily
in Niger, followed by Burkina Faso (Table 235). In Benin, erly-an average of only 0.7 flood events was declared during the
last 10 years_of the study period, 1.8 in Burkina Faso and 3.5 in Niger. The combination of these results suggests that the
Nigerien portion of the Mékrou basinRiver Basin was the most prone to flood events in the period under consideration.
Regarding both fleedsflood and dreughtsdrought events, the perceptions de-ret-differentiateare heterogeneous across the three
countries in the basin, with no difference based on different socioeconomic characteristics-apart-from-the-heterogeneity-ameng
the-three-countries-in-the-basin.. This could be explained by the homogeneity of the socioeconomic characteristics within the

basin-altheugh-it-is-spread across three countries.

Table 24. Fable<-Observed climatic changes during the last 10 years of the study period: 2006-2015

Table 35.
TFable-2-Statistical Analysis of reported number of floods and droughts during the last 10 years_of the study period

3.2 Fleeds-and-Droughts-Household_results regarding Flood and Drought Mitigation Measures

This section provides an empirical analysis of the household mitigation measures. The respendent-had-the-cheicerespondents
chose among 13 mitigationsmitigation strategies aimed at coping with changes in temperature and rainfall patterns. 8-eut of
the original 13 strategies were considered to be negligible due to a positive response rate lower than 10%, including: practicing
off-season agriculture; application of more intensive irrigation; raising less livestock in order to increase crops; raising
lessfewer small ruminants ferand switching to more cattle; raising less cattle and switching to camels; raising less sheep ferand
switching to goats; adoption of specific techniques to regenerate the necessary grass cover for the livestock; and rent or

mortgage land.

The mitigation measures that recorded a positive a response rate abevegreater than 10% are: change of crop seeds; terracing

the soil or using other methods to protect against erosion; plantation-efplanting more trees; emigration of at least one household
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member; practicing-mere-often-increasing the practice of non-agricultural activities as sources of revenue (Table 36). Changing
crop seeds is a-quite a common strategy mainby-te-adaptfor adapting to rainfall changes, and is widely applied in Burkinabe
and Nigerien areas (for around 60-65% of respondents), but-alse-ir-Benin-in-and to a smalerlesser extent in Benin (34%). The
practice of terracing the soil fer—preventingto prevent erosion is mostly applied in the Beninese part of the Mékrou river
basinRiver Basin. The plantationplanting of more trees is a common adaptation practice across the basin, due to both changes
in precipitation (31%) and changes in temperature (20%). Emigration appears as an adaptation strategy to mitigate the
economic losses resulting from the impacts of changes in rainfall patterns. Around 25% of households saw one of its-member
migratingtheir members emigrating due to temperature and rainfall changes. Seecendary—16.4% of Beninese respondents

statestated that at least one member migratedemigrated in the last 10 years of the study period due to rainfall changes. Finally,
an important number of households, primaryprimarily in Benin (-around 35%) and secendary-in Niger (around 15%), are
practicing-mere-oftenincreasingly practice non-agricultural activities as seurcesources of revenue to cope with the loss of
income due to both rainfall and temperature changes.

Table 346. Household mitigation measures

3.3:3-Fleeds Flood and BreughtsDrought impacts and their cost- assessment

The local population of the Mékrou has-additienallyRiver Basin also indicated the occurrence of extreme events during athe
two-years-year period 2014-2015. The relativerelatively recent occurrence of these events, some of themwhich are still

ongoing, allows for a more theughtfulaccurate estimation of the impacts and associated costs. Only a small percentage of the

respondents (68 out of inthe total 660 interviewed households) stated that they had not experienced any flood occurrence
during the last-two years (Table 457). However, the occurrence of events differentiates-amongdiffers between the three
countries, whereaswith most of the events arebeing reported in Burkina Faso (34.5% of the-households affected by floods).
Aligning with the frequency of reported events, the impacts of the-floods are proportionally more common in Burkina Faso.
The most commonly reported impacts regardare the lossesloss of agricultural production, damagesdamage to the-houses and
loss of livestock (Table 568).

Similarly;the-The same analysis was applied for the-recent drought events. The vast majority (76.7%) stated that they havehad
not experienced any drought event during the last two years- of the study period. However, more droughts are reported
compared to floods-resutting-that, with 152 of inthe total 660 households interviewed heusehelds-experiencedexperiencing an
extreme drought event. LikewiseSimilarly, the occurrence of droughts areis heterogeneous across the three countries. Droughts
are less prominent in Niger (Table 457), where only a few droughts arewere reported, while in-Benin-one-fourtha quarter of
the population hasin Benin had experienced droughts during the last two years- of the study period. In Burkina Faso, almost
half of the households havehad experienced droughts during the last-two-years-year period. The impacts of the recent drought
arewere mostly recorded in Burkina Faso and Benin (Table 568) presenting a different profile. In Burkina Faso the impacts
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referwere exclusively temanifested as losses of agricultural production, while in Benin stit-the-majority-indicates-most of the
impact of the recent droughts was felt in the loss of agricultural production-but-states-alse, as well as malnutrition and loss of

livestock-as—result-of-the-recent-droughts—Regarding. Both the flood and drought impacts;—ferbeth-floeds-and-droughts-the
colected-information—relates_recorded relate to general categories of impacts, mainly agriculture, livestock;_and housing

witheut-being-, as it was not feasible to collect more in—-depth qualitative characteristics of the impacts.

Fable-d—Experioneed-oxtreme,

Table 57. Extreme flood events experienced during the last two years of the study period (2014-2015)

Table 68.,

Table5-Impacts of extreme floods and droughts te-theon households

Fhe-The estimated flood costs to households differ among the three countries. The cost of the recent floods is higherhighest in
Burkina Faso (Table 679), where the average cost forto an affected household inis 334,326 FCFA (West AfricaAfrican Francs)
(approximately 495-510 Eureeuro in 2017). The estimated flood costs differ-ameng-the-three-countries-whereas-it-is-much

higher-in Burkina-Fase{(334,326-FCFA)-than-Benin and Niger {are 40,000 and 160,000 FCFA, respectively}.. Furthermore,
we ebserveobserved a difficulty fremamong the households te-estimatein estimating the costs of the recent floods, especially

in Benin and Niger;- (the less affected countries;), where the-majoritymost of the affected households were not able to provide
a cost estimation. 20 out of 68 in-total-affected households in the basin were not able to provide a cost estimation of the floods
they experienced-floeds. The average cost of the recent droughts, 256,440 FCFA (~391 Eure),-iseuro), was almost the same in
Burkina Faso and in Benin (Table 6)79), and was lower than the average cost of the recent floods. Again, in-this-case-a
difficultyit is evident frem-thethat households found it difficult to estimate the costs of the recent droughts, especially in Benin

where the majority (61 out of the 152 households) of the affected households were not able to provide a cost estimation.

ion—Regarding
the geographical differentiation of the cost of both floods and droughts-cests-the, heterogeneity is observed among the three
countries but not within the countries where costs are homogenous among the selected villages and towns. AdditionatyAlso,
the small sample of the affected-households affected by floods and droughts statisticathy-dees-net-alow-theis insufficient for
statistical aggregation of-the-estimated-values-to the total population of the basin.

Table 679. Estimated costs of the recent fleedfloods and droughts (in FCFA)

3.4 Cost assessment of floods and droughts: an econometric estimation

Additionallyln addition to the statistical estimation of the cost of floods and droughts-eests, two econometric models were

developed to provide a-reaseningan estimate of costs withbased on socioeconomic and other relative factors. A wide series of
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independent variables of the household, such as socioeconomic conditions and mitigation measures-e-g-have-been-, were used

to find the determinants of the cost of extreme events eests-and to estimate the eestscost of floods and droughts. Using several

regression models and a combination of independent variables, two models were set up inekueingthat exclusively included
statistically significant independent variables (P-value less than 0.05, and in one case slightly higher than 0.05 but less than
0.1). Table 7810 presents the total of the independent variables, including their scaling and theircorrelation. The latter is
important for the coherence of the multivariate models, since low correlation among the independent variables excludes the

existence of multicollinearity.

Table 7810. Selected independent variables for modelling_the costs of floods and droughts

Regarding floods, the multivariate regression model in Table 8911 includes as-rdependentvariable-the self-stated economic
status (ECONSTAT) of the-households as an independent variable and as a qualitative alternative to the-household income.
The model reveals a strong economic status effect, meaning that the richer the heusehelds-arehousehold, the higher are-the
economic impaetsimpact of fleedfloods. The negative sign is due to the structure of the variable scaling (where 1
meaningrepresents rich and 5 much—worserepresents significantly poorer economic eenditienconditions than the other
households). Additienathy-tweTwo of the main flood impacts, loss of crop productivity (CropProdLoss) and loss of livestock

(LivestockLoss) were included in the model as independent variables, and were found to be significant. According to the

multivariate regression model, the average cost of floods per household during the flood events of the last two years of the
study period (2014-2015) was equal to 390.92 euro. In order to avoid problems of multicollinearity, correlation among the
independent variables was tested. The calculated Pearson’s R values, all below the 0.3 threshold, suggest a low correlation

among the independent variables.

Table 8911. Costs of floods — Multivariate linear regression model

Similarly, a multivariate regression model was applied to estimate the costs of droughts (Table 9102). The independent variable
related to loss of livestock was found to have a strong effect in this model too. However, drought costs are found to significantly
depend on the total crop production of the households (PRODCROP). According to this regression model, the estimated cost
of droughts per household that experienced drought events during the last two years of the study period (2014-2015) was

494.76 euro. Similarly low eorrelation-wascorrelations were detected among the independent variables.

Table 9102. Costs of droughts - Multivariate linear regression model
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4 Discussion and Conclusions

This paper combines the results of a household survey and climate data analysis to assess floods-and, droughts as-wel-asand
climate variability in the Mékrou river—basinRiver Basin in West Africa. The opinions and perceptions of household
representatives revealed a-strong climate variability atover a ten-years-year period (2006-2015). It is worth mentioning that
83% of the population;-during-this-peried; noticed a delayed onset of the rainy season- during this period. In addition, 91% of
the population also observed alse-an anticipatedearly end of the wet season. Moreover, 88.5% of the respondents reported a
general reduction ef-thein precipitation during the ten-years-year period under consideration, and 75.9% reported an increase
in the magnitude and frequency of the-extreme heat events. This tendency is partially confirmed by the analysis of the-climatic
variables, mainly based on precipitation and temperature data. The findings of the analysis confirmed the increase ofin both
the frequency and magnitude of the-heat-wavesheatwaves in the area-of-study area. The climatic variability was also found to
be noticeably high, but the Mann Kendall analysis failed r-firdingto find statistically significant trends in the precipitation
patterns. It was not possible to clearly identify elearhy-a shift efin the intra-annual temporal distribution of the-precipitation,
neither-indicating-as there was no indication of a slightly delayed onset nor an anticipatedearly end of the rainy season.

Regarding-the-occurrence-of floods-and-droughts—the The survey-based findings revealed a substantial differentiation-ameong
these-two-events—Especially-concerningdifference between the occurrence of floods and droughts. With regard to droughts,
86.8% of the population reported that dry periods were more frequent during the ten years ranging-betweenfrom 2006 anrdto
2015, while 23.3% experienced an extreme drought event during the last two years (2014-2015)), resulting in 3.93 extreme
drought events inon average. FleedFewer flood events were-reported-to-be-less-than drought events were reported by the local
population. More than 60% of the respondents stated that flood frequency did not change during the period 2006-2015, and

only 10.3% of the population experienced an extreme flood event during the period 2014-2015 (ir-average-1.69 extreme flood
events on average per household). The judgermentperceptions of the local population waswere confirmed by the findings-of
the-analysis-of-the-climatic factors regarding flood events. FheAn analysis of the-extreme precipitation in the past 30 years;-in
faet; did not report a significant increasing trend in the occurrence of flood events. Similar conclusions, but this time i
disagreement-withcontrary to the impressions of the local population, were derived from the analysis of the-dry periods. This
difference ameongbetween perceived occurrence and observed droughts could be explained by the misperception of the local
population confounding the observed increasingly frequent heat-waveheatwave events aswith more frequent droughts.
However, thean analysis of the meteorological (SPI-3) and agricultural (SPI-6) drought indicators; confirmed the occurrence
of a number of dry periods that could be in line with the-enesthose reported by the local population in the portion of the basin
layinglocated within the borders of Benin and Niger. On the other hand, the analysis of the SPI failed to find any significant
dry periods in the Beninese portion of the Mékrou River Basin.
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The household survey analysis reported additional—important findings regarding the measures adopted by the
heuseheldhouseholds of the Mékrou river-basinRiver Basin to mitigate floods and droughts. ArmengFrom a list of options, the
most significant household mitigation measures were identified ameng-change-ofas being: changing crop seeds, plantation
efplanting more trees, practicing-mere-oftenand increased practice of non-agricultural economic activities, while, especially

in Niger, a considerable part of the population migratesemigrated due to the lessesloss in agrieuttureagricultural production
caused by the decreasedreduced rainfall. trdicative-are-alse-theThe findings regarding the impacts of floods and droughts and
their costs- are also interesting. For those households that experienced an extreme flood event during the period 2014-2015,

the most frequent impacts were reported to be crop production losses, damages to houses, and loss of livestock. Atthe-same
time—theThe loss of crop production, malnutrition, and the loss of livestock were the most important impacts of extreme
droughts. Additienathy—to-speeifyingln addition, the total cost per household of the impacts of extreme floods and droughts;
their-total-costs-per-househeld- was estimated. The cost assessment is two-folded based on the sample estimations as-wel-as
on-the-results-ofand the application of two linear multivariate regression econometric models. The average eests-caused-bycost
of flood events in the period 2014-2015 was estimated nat 522-495 Eureeuro per affected household-basing, based on the

average declared losses. Regarding-theThe average cost-assessment of extreme droughts the-average-vatue-of-the-sample-was
390-391 Eureeuro per household. This study confirmed the difficulty inof estimating the costs of natural hazard—eest

estimatiophazards at the household level, even in the case of recent events. A considerable percentage of-the household
representatives (27% for floods and 38% for droughts) were not able to provide an estimation of the costs of the extreme events

that they recently experienced.

Regarding the methodological approach of this work, the combination of the household survey data analysis with the study of
the climatic variables could provide an integrated assessment of floods and droughts, especially in cases likesuch the Mékrou
riverRiver Basin, where the-aceessibilityaccess to reliable information is very limited. The survey approach, in particular,
could provide data at household level that could be used for a detailed qualitative and quantitative assessment of natural hazards
like, such as floods and droughts. Potential limitations of this approach are mainly refer—te-the information biases and

misperceptions of the local population-that, which could influence the ebjectivenessobjectivity of their responses. Furthermore,

such a survey approach depicts the opinions atwithin a specific time-framewerktimeframe and, therefore, should be periodically
repeated to better validate the findings. This implies-the-need-efwould require increased financial and human resources
dedicated-to-this-purpese.. The major potential benefit of this approach is te-providethat it provides information to support
decision--makers and local governments, leading to the more effective and efficient design of fleedsflood and dreughtsdrought
mitigation policies and measures. Most often, natural hazards risk mitigation measuremeasures and policies use either climate
modelling tools or socioeconomic analysisanalyses, but rarely eembiningcombine both-seeters. In developing countries where
information is limited, such a coupling approach could integratedintegrate local characteristics and perceptions into natural

hazardshazard planning policies-previding, in order to provide more efficient mitigation measures. More specific, such an
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approach could be used by state and local authorities to design risk mitigation and prevention measures and design climate
adaptation strategies combining climate and socioeconomic analysis.




10

15

Acknowledgments

This work is a part of the “Water for Growth and Poverty Reduction in the Mékrou” project funded by the European
Commission. This project is jointly implemented by the Joint Research Centre (JRC) and by the Global Water Partnership
(GWP). The household survey referred to in this article was designed and implemented by the JRC and local universities from
Benin, Niger and Burkina Faso. Professor Karidia Sanon from the University of the-Ouagadougou (Burkina Faso) was the
head of the Burkina Faso team as well as the general coordinator of the three African field teams. Euloge Agbossou and
Yékambeéssoun N'Tcha M’Po from the National Water Institute (HNAEInstitut National de I'Eau - INE) coordinated the Benin

team, and Professor Boureima Ousmane from the Yniversity-Abdou Moumouni deUniversity of Niamey was the head of the
Niger team. The authors would like to thank Ms. Grainne Mulhern (JRC) for proofreading the manuscript.

Author Contributions

Vasileios Markantonis, Celine Dondeynaz and Cesar Carmona Moreno designed the household survey and analysed the data.
Fabio Farinosi, Iban Ameztoy, Marco Pastori, Luca Marletta and Abdou Ali performed-the-analysis-efanalysed the climate
data. Vasileios Markantonis, Celine Dondeynaz, Fabio Farinosi and Iban Ameztoy prepared the first draft of the manuscript.

All authors discussed the results and commented on the manuscript at all stages.

Conflicts of Interest

The authors declare no conflict of interest.

19



10

15

20

25

30

References

Agnew, C. T.. Using the SPI to identify drought, Drought Netw. News, (12), 6-12 [online] Available from:

https://digitalcommons.unl.edu/cgi/viewcontent.cgi?referer=https://www.google.it/&httpsredir=1&article=1000&co

ntext=droughtnetnews, 2000.

Alcamo, J., Florke, M. and Marker, M.: Future long-term changes in global water resources driven by socio-economic and
climatic changes, Hydrol. Sci. J., 52(2), 247-275, doi:10.1623/hysj.52.2.247, 2007.

Alfieri, L., Salamon, P., Pappenberger, F., Wetterhall, F., Thielen, J. : Operational early warning systems for water-related
hazards in Europe. Environ. Sci. Policy 21, 35-49. doi:10.1016/j.envsci.2012.01.008, 2012.

Bader, J.-C., Belaud, G., Lamagat, J.-P., Ferret, T. and Vauchel, P.: Modélisation de propagation d’écoulement entre lits mineur
et majeur sur les fleuves Sénégal et Niger, Hydrol. Sci. J., 1-20, doi:10.1080/02626667.2016.1148815, 2016.

Barrios, S., Bertinelli, L., Strobl, E-—2610-.: Trends in Rainfall and Economic Growth in Africa: A Neglected Cause of the
African Growth Tragedy. Rev. Econ. Stat. 92, 350-366. doi:10.1162/rest.2010.11212, 2010.

Berlemann, M., Wenzzel, D--2015-.: Long-term Growth Effects of Natural Disasters. Empirical Evidence for Droughts (No.
5598), CESIFO Working Paper Cat.10: Energy and Climate Economics, 2015.

Berrisford, P., Dee, D., Poli, P., Brugge, R., Fielding, K., Fuentes, M., Kallberg, P., Kobayashi, S., Uppala, S. and Simmons,
A.: The ERA-Interim archive Version 2.0, ERA Rep. Ser. [online] Available from:
https://www.ecmwf.int/en/elibrary/8174-era-interim-archive-version-20, 2011.

Bouwer, L.M., Poussin, J., Papyrakis, E., Daniel, V.E., Pfurtscheller, C., Thieken, A.H., Aerts, J.C.J.H.: Methodology report

on costs of mitigation - CONHAZ Report, 2011.Brower, R., Akter, S., Brander, L. and Haque, E.: Economic valuation

of flood risk exposure and reduction in a severely flood prone developing country, Environ. Dev. Econ., 14(3), 397,
doi:10.1017/S1355770X08004828, 2009.

Bubeck, P., Kreibich, H.: Natural Hazards : direct costs and losses due to the disruption of production processes - CONHAZ
Report, 2011.

Cavallo, E—20%1... Natural Disasters and the Economy — A Survey. Int. Rev. Environ. Resour. Econ. 5, 63-102.
doi:10.1561/101.00000039, 2011.

Ceccherini, G., Russo, S., Ameztoy, I., Marchese, A. F. and Carmona-Moreno, C.: Heat-waves in Africa 1981-2015,
observations and reanalysis, Nat. Hazards Earth Syst. Sci., 17(1), 115-125, doi:10.5194/nhess-17-115-2017, 2017.

Dee, D. P., Uppala, S. M., Simmons, A. J., Berrisford, P., Poli, P., Kobayashi, S., Andrae, U., Balmaseda, M. A., Balsamo, G.,
Bauer, P., Bechtold, P., Beljaars, A. C. M., van de Berg, L., Bidlot, J., Bormann, N., Delsol, C., Dragani, R., Fuentes,
M., Geer, A. J., Haimberger, L., Healy, S. B., Hersbach, H., HoIm, E. V., Isaksen, L., Kéllberg, P., Kéhler, M.,
Matricardi, M., McNally, A. P., Monge-Sanz, B. M., Morcrette, J.-J., Park, B.-K., Peubey, C., de Rosnay, P., Tavolato,

C., Thépaut, J.-N. and Vitart, F.: The ERA-Interim reanalysis: configuration and performance of the data assimilation
system, Q. J. R. Meteorol. Soc., 137(656), 553-597, do0i:10.1002/qj.828, 2011.

20

[Formatted: English (United Kingdom)




10

15

20

25

30

Dell, M., Jones, B.F., Olken, B.A--20634-.: What Do We Learn from the Weather? The New Climate-Economy Literature 1. J.
Econ. Lit. 52, 740-798. doi:10.1257/jel.52.3.740, 2014.

Fitchett, E. J. A, Seale, A. C., Vergnano, S., Sharland, M., Heath, P. T., Saha, S. K., Agarwal, R., Ayede, A. |, Bhutta, Z. A,,
Black, R., Bojang, K., Campbell, H., Cousens, S., Darmstadt, G. L., Madhi, S. A., Meulen, A. S., Modi, N., Patterson,
J., Qazi, S., Schrag, S. J., Stoll, B. J., Wall, S. N., Wammanda, R. D. and Lawn, J. E.: Strengthening the Reporting of
Observational Studies in Epidemiology for Newborn Infection (STROBE-NI): an extension of the STROBE
statement for neonatal infection research, Lancet Infect. Dis., 16(10), e202-e213, doi:10.1016/S1473-
3099(16)30082-2, 2016.

Froidurot, S. and Diedhiou, A.: Characteristics of wet and dry spells in the West African monsoon system, Atmos. Sci. Lett.,
18(3), 125-131, doi:10.1002/asl.734, 2017.

Funk, C. C., Peterson, P. J., Landsfeld, M. F., Pedreros, D. H., Verdin, J. P., Rowland, J. D., Romero, B. E., Husak, G. J.,
Michaelsen, J. C. and Verdin, A. P.: A Quasi-Global Precipitation Time Series for Drought Monitoring., 2014.

Gautam, M.: Managing Drought in Sub-Saharan Africa: policy perspectives. Invited Paper Prepared for a Panel Session on
Drought: Economic Consequences and Policies for Mitigation, in IAAE Conference, Gold Coast, Queensland,
Australia., 2006.

Green, C., Viavattene, C., Thompson, P.: Guidance for assessing flood losses - CONHAZ Report, 2011.

Hallegatte, S.: A Cost Effective Solution to Reduce Disaster Losses in Developing Countries: Hydro-Meteorological Services,
Early Warning, and Evacuation (No. 6058), World Bank Policy Research Working Paper. Washington DC, USA,
2012.

Halsnas, K. and Treerup, S.: Development and Climate Change: A Mainstreaming Approach for Assessing Economic, Social,
and Environmental Impacts of Adaptation Measures, Environ. Manage., 43(5), 765-778, doi:10.1007/s00267-009-
9273-0, 2009.

Hellmuth, M. E., Moorhead, A., Thomson, M. C. and Williams, J., Eds.: Climate Risk Management in Africa: Learning from
Practice, International Research Institute for Climate and Society (IRI) - Columbia University, New York, USA.
[online] Awvailable from: https://iri.columbia.edu/wp-content/uploads/2013/07/Climate-and-Society-Nol_en.pdf,
2007.

Hirsch, R. M. and Slack, J. R.: A Nonparametric Trend Test for Seasonal Data With Serial Dependence, Water Resour. Res.,
20(6), 727-732, doi:10.1029/WR020i006p00727, 1984.

Hirsch, R. M., Slack, J. R. and Smith, R. A.: Techniques of trend analysis for monthly water quality data, Water Resour. Res.,
18(1), 107-121, doi:10.1029/WR018i001p00107, 1982.

Hsiang, S.M--2010-.: Temperatures and cyclones strongly associated with economic production in the Caribbean and Central
America. Proc. Natl. Acad. Sci. 107, 15367-15372. doi:10.1073/pnas.1009510107, 2010.

Kendall, M. G.: Rank correlation methods, Oxford Uni., New York, NY, USA., 1975.

21



10

15

20

25

30

Liu, X., Zhu, X., Pan, Y., Li, S., Liu, Y. and Ma, Y.: Agricultural drought monitoring: Progress, challenges, and prospects, J.
Geogr. Sci., 26(6), 750-767, doi:10.1007/s11442-016-1297-9, 2016.

Logar, I., van den Bergh, J.: Methods of Assessment of the Costs of Droughts - CONHAZ Report, 2011.

Luechinger, S., Raschky, P.A--2009..: Valuing flood disasters using the life satisfaction approach. J. Public Econ. 93, 620—
633. doi:10.1016/j.jpubeco.2008.10.003, 2009.

Mann, H. B.: Nonparametric Tests Against Trend, Econometrica, 13(3), 245-259, doi:10.2307/1907187, 1945.

Markantonis, V., Meyer, V., Lienhoop, N., 2013. Evaluation of the environmental impacts of extreme floods in the Evros
River basin using Contingent Valuation Method. Nat. Hazards 69, 1535-1549. doi:10.1007/s11069-013-0762-3

Markantonis, V., Meyer, V., Schwarze, R--20612-.: Review Article “Valuating the intangible effects of natural hazards — review
and analysis of the costing methods.” Nat. Hazards Earth Syst. Sci. 12, 1633-1640. doi:10.5194/nhess-12-1633-2012,
2012,

Masih, 1., Maskey, S., Mussa, F. E. F. and Trambauer, P.: A review of droughts on the African continent: a geospatial and
long-term perspective, Hydrol. Earth Syst. Sci., 18(9), 3635-3649, doi:10.5194/hess-18-3635-2014, 2014.

McKee, T., Doesken, N. and Kleist, J.: Drought Monitoring with Multiple Time Scales, in 9th AMS Conference on Applied
Climatology, Dallas, TX, USA., 1995.

McKee, T. B., Doesken, N. J. and Kleist, J.: The relationship of drought frequency and duration to time scales, Prepr. 8th Conf.
Appl. Climatol., 179-184, 1993.

Moriasi, D.N., Arnold, J.G., Van Liew, M.W. Van, Bingner, R.L., Harmel, R.D., Veith, T.L.: Model Evaluation Guidelines
for Systematic Quantification of Accuracy in Watershed Simulations. Trans. ASABE 50, 885-900.
doi:10.13031/2013.23153, 2007.

Nash, J. E., Sutcliffe, J. V. : River flow forecasting through conceptual models part I — A discussion of principles. J. Hydrol.
10, 282-290. doi: 10.1016/0022-1694(70)90255-6, 1970.

Neitsch, S. L., Arnold, J. G., Kiniry, J. R. and Williams, J. R.: Soil and Water Assessment Tool Theoretical Documentation,
Texas Water Resour. Inst. Tech. Rep., (46), 647 [online] Available from: swat.tamu.edu/media/99192/swat2009 -
theory.pdf, 2009.

Ngigi, S. N., Savenije, H. H. G., Rockstrém, J. and Gachene, C. K.: Hydro-economic evaluation of rainwater harvesting and

management technologies: Farmers’ investment options and risks in semi-arid Laikipia district of Kenya, Phys. Chem.
Earth, Parts A/B/C, 30(11-16), 772-782, doi:10.1016/j.pce.2005.08.020, 2005.

Ologunorisa, T. E. and Adeyemo, A.: Public Perception of Flood Hazard in the Niger Delta, Nigeria, Environmentalist, 25(1),
39-45, doi:10.1007/s10669-005-3095-2, 2005.

Oyekale, A.: Access to Risk Mitigating Weather Forecasts and Changes in Farming Operations in East and West Africa:
Evidence from a Baseline Survey, Sustainability, 7(11), 14599-14617, doi:10.3390/su71114599, 2015.

Rosegrant, M., Ximing, C., Cline, S. and Nakagawa, N.: The role of rain-fed agriculture in the future of global food production.,
EPTD - Environ. Prod. Technol. Div., (90), 2002.

22

[Formatted: English (United Kingdom)

[Formatted: English (United Kingdom)




10

15

20

25

30

Russo, S., Sillmann, J. and Fischer, E. M.: Top ten European heat-waves since 1950 and their occurrence in the coming
decades, Environ. Res. Lett., 10(12), 124003, doi:10.1088/1748-9326/10/12/124003, 2015.

Schmitt, L., Graham, H. and White, P.: Economic Evaluations of the Health Impacts of Weather-Related Extreme Events: A
Scoping Review, Int. J. Environ. Res. Public Health, 13(11), 1105, doi:10.3390/ijerph13111105, 2016.

Shiferaw, B., Tesfaye, K., Kassie, M., Abate, T., Prasanna, B. M. and Menkir, A.: Managing vulnerability to drought and
enhancing livelihood resilience in sub-Saharan Africa: Technological, institutional and policy options, Weather Clim.
Extrem., 3, 67-79, doi:10.1016/j.wace.2014.04.004, 2014.

Shisanya, S. and Mafongoya, P.: Adaptation to climate change and the impacts on household food security among rural farmers
in uMzinyathi District of Kwazulu-Natal, South Africa, Food Secur., 8(3), 597-608, doi:10.1007/s12571-016-0569-
7,2016.

Tarpanelli, A., Amarnath, G., Brocca, L., Massari, C. and Moramarco, T.: Discharge estimation and forecasting by MODIS
and altimetry data in Niger-Benue River, Remote Sens. Environ., 195, 96-106, doi:10.1016/j.rse.2017.04.015, 2017.

Toya, H., Skidmore, M-—200%.: Economic development and the impacts of natural disasters. Econ. Lett. 94, 20-25.
doi:10.1016/j.econlet.2006.06.020, 2007.

UNISDR: Technical Guidance for Monitoring and Reporting on Progress in Achieving the Global Targets of the Sendai
Framework for Disaster Risk Reduction 2015-2030. Geneva, Switzer land, 2017.

UNISDR: Global Assessment Report on Disaster Risk Reduction (GAR 2015) - Making Development Sustainable: the Future

of Disaster Risk Management. Geneva, Switzerland, 2015.

UNISDR: Global Assessment Report on Disaster Risk Reduction: From Shared Risk to Shared Value: the Business Case for

Disaster Risk Reduction. Geneva, Switzerland, 2013.
UNISDR: Global Assessment Report on Disaster Risk Reduction (GAR11) , 2011.
UNISDR: Indicators of Progress: Guidance on Measuring the Reduction of Disaster Risks and the Implementation of the

Hyogo Framework for Action, 2008.

UNISDR: Living with risk: a global review of disaster reduction initiatives. United Nations International Strategy for Disaster
Reduction Secretariat (UNISDR), 2004.

Warren, J. and Gilbert, R. O.: Statistical Methods for Environmental Pollution Monitoring, Technometrics, 30(3), 348,
doi:10.2307/1270090, 1987.

Welsch, H--2006-.. Environment and happiness: Valuation of air pollution using life satisfaction data. Ecol. Econ. 58, 801—
813. doi:10.1016/j.ecolecon.2005.09.006, 2006.

Welsch, H., Kuhling, J-2009-.: Using happiness data for environmental valuation: issues and applications. J. Econ. Surv. 23,
385-406. doi:10.1111/j.1467-6419.2008.00566.x, 2009.

WMO: Standardized Precipitation Index - User Guide - WMO-No. 1090., 2012.

23



TABLES

Jable 1. Sample and population of the survey area

Population of the Mékrou Area of Interest
Benin Burkina Faso Niger Total area
294921 79632 173115 547668
Surveyed Sample (Households)
Benin Burkina Faso Niger Total area
332 148 180 660
Sample (number of households) by selected Communes
Benin Burkina Faso Niger
Banikorara | Kérou Kouandé Diapaga Tansagra Tamou Birni
Ngaoure
160 80 92 95 53 100 80
Population and Sample (number of households) by Selected Village / town
Banikoara
Sampéto Gbéniki Wangouwirou | Banikoara Total
(Kérémou) (town)
Population 1522 786 3799 28402 32987
Sample 29 20 52 52 153
Kouande
Béket Bourame | Mekrougourou | Goufanrou Kouandé Total
(town)
Population | 1876 2635 1835 20723 27069
Sample 20 27 20 25 92
Kérou
Koussou Yakrigourou Bipotoké Kérou Total
Ouinra (town)
Population 2842 2766 2871 34246 42725
Sample 16 19 16 36 87
Diapaga
Mangou Tyaga Diapaga Total
town
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Population 1600 1136 16000 18736
Sample 28 20 40 88
Tansagra
Kotchari Lada Tansarga Total
town
Population 1024 720 14000 15744
Sample 20 16 24 60
Birni Ngaoure
Boumba Fono Birgui Kotaki Flamey Total
Djema
(town)
Population 1414 560 2447 4467 8888
Sample 12 8 20 40 80
Tamou
Tankoune Diney Bangou | Foulan Tamou Total
Walagorou (town)
Population 827 724 261 1827 3639
Sample 28 28 4 40 100
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5 Table 2. Socioeconomic characteristics of the surveyed sample

Age (sample respondents
Benin Burkina Niger Total
Faso Area
Mean StdDev Mean StdDev Mean StdDev Mean StdDev
41.2 149 44.2 16.2 49.5 153 44.2 15.7
Age Distribution (Total Area Population based on survey aggregation)
Benin Burkina Niger Total Area
Faso
0-5 17.10% 23.50% 20.20% 19.50%
5-18 32.90% 34.40% 31.30% 32.70%
18+ 49.90% 42.10% 48.60% 47.90%
Gender (sample respondents)
Benin Burkina Faso Niger Total Area
Count % Count % Count % Count | %
Male 226 68.1% 95 64.2% 129 71.7% | 450 68.2%
Fenale 106 31.9% 53 35.8% 51 28.3% | 210 31.8%
Education (sample respondents)
No No formal | Primary Secondary | Professional | University
schooling schooling | school school education
Count 389 87 81 78 8 17
% 58.90% 13.20% 12.30% 11.80% 1.20% 2.60%
Profession (sample respondents)
Unemploye | Self public Farmer Livestock Other
d epmploye | employee farmer
d
% 7.70% 18.90% 2.30% 50.10% 15.90% 5.10%
Household Income [FCFA per month] 1 euro = 656 FCFA (sample respondents)
0 - 25000 25001 - 50001 - 75001 - more than Ldon’t know
50000 75000 100000 100001
Count 200 100 7 37 414 121
% 30.50% 15.20% 11.70% 5.60% 18.60% 18.40%
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Table 13. Standardized Precipitation Index categorization and associated probability of occurrence (Agnew 2000)

SPI-n Probability of Occurrence Class

>1.65 0.05 Extremely Wet
1.28/1.64 0.1 Severely Wet
0.84/1.27 0.2 Moderately Wet
-0.84/0.84 0.5 Normal
-1.28/-0.83 0.2 Moderate Drought
-1.65/-1.27 0.1 Severe Drought

<-1.65 0.05 Extreme Drought
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Table 24. Observed climatic changes during the last 10 years_of the study period: 2006-2015

No change
Less rain
More rain

Total responses

No change
Better distribution
Worse distribution

Total responses

YES
NO

Total responses

YES
NO
Total responses

YES
NO

Total responses

YES
NO

Total responses

No change
Shorter
Longer

Total responses

BENIN

count

311
13
332

21
16
295
332

297
35
332

50
282
332

248
84
332

293
39
332

34
75

223
332

BURKINA FASO
% count % count

Change of the rainfall quantity

2.4% 4
93.7% 141 95.3% 132
3.9% 7 4.7% 44
148 180
Distribution of the rainfall in the year
6.3% 4
4.8% 2 1.4% 5
88.9% | 146 98.6% 171
148 180
More frequent droughts
89.5% | 147 99.3% 128
105% 1 0.7% 51
148 179
More frequent floods
151% 76 51.4% 130
84.9% 72 48.6% 50
148 180
Delay in the start of the rainy season
TAT% | 139 93.9% 161
253% 9 6.1% 19
148 180
Rainy season finishes earlier
88.3% | 146 98.6% 163
11L7% 2 1.4% 13
148 176
Periods of extreme heat
102% 10 6.8% 15
22.6% 7 4.7% 17
67.2% | 131 88.5% 144
148 176
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NIGER

%

2.2%
73.3%
24.4%

2.2%
2.8%
95.0%

71.5%
28.5%

72.2%
27.8%

89.4%
10.6%

92.6%
7.4%

8.5%
9.7%
81.8%

Mékrou Basin

count

12
584
64
660

25
23
612
660

572
87
659

256
404
660

548
112
660

602
54
656

59
99
498
656

%

1.8%
88.5%
9.7%

3.8%
3.5%
92.7%

86.8%
13.2%

38.8%
61.2%

83.0%
17.0%

91.8%
8.2%

9.0%
15.1%
75.9%
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Table 235. Statistical Analysis of reported number of floods and droughts during the last 10 years

Mean

Standard Deviation

Mean

Standard Deviation

Mékrou Basin Benin

1.69014%
2.06430307

3.933962
2.82032583

Floods
0.7327554
1.15831416

Droughts
3.82769283
2.951433
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Burkina Faso

1.783784
1.431143

479729780
2.722942

Niger

3.45833346
2.644289

3.361963
2.48904349



Table 346. Household mitigation measures
BENIN BURKINA FASO NIGER
count % count % count %
Change of crop seeds

Action taken due to temperature

YES 50 16.2% 29 19.6% 5 2.8%
NO 259 83.8% 119 80.4% 175 97.2%
Action taken due to rainfall

YES 110 34.0% 99 66.9% 110 61.1%
NO 214 66.0% 49 33.1% 70 38.9%

Terracing the soil or using other methods to protect against erosion
Action taken due to rainfall
YES 77 23.8% 26 17.6% 19 10.6%
NO 247 76.2% 122 82.4% 161 89.4%
Plantation of more trees
Action taken due to temperature
YES 84 27.2% 33 22.3% 8 4.4%
NO 225 72.8% 115 77.7% 172 95.6%
Action taken due to rainfall
YES 112 34.6% 39 26.4% 51 28.3%
NO 212 65.4% 109 73.6% 129 71.7%
Emigration of at least one household member
Action taken due to rainfall
YES 53 16.4% 12 8.1% 46 25.6%
NO 271 83.6% 136 91.9% 134 74.4%
Practicing more often non-agricultural activities as sources of revenue

Action taken due to temperature

YES 100 32.3% 11 7.4% 32 17.8%
NO 210 67.7% 137 92.6% 148 82.2%
Action taken due to rainfall

YES 119 36.6% 14 9.5% 20 11.1%
NO 206 63.4% 134 90.5% 160 88.9%

30

Mékrou Basin

count %

84 13.2%
553 86.8%
319 48.9%
333 51.1%
122 18.7%
530 81.3%
125 19.6%
512 80.4%
202 31.0%
450 69.0%
111 17.0%
541 83.0%
143 22.4%
495 77.6%
153 23.4%
500 76.6%
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Table 457. Experienced extreme flood events during the last two years (2014-2015)

BENIN BURKINA FASO NIGER Mékrou Basin
count % count % count % count %
Floods
YES 9 2.7% 51 34.5% 8 4.4% 68 10.3%
NO 322 97.3% 97 65.5% 172 95.6% 591 89.7%
Droughts
YES 83 25.5% 66 44.9% 3 1.7% 152 23.3%
NO 243 74.5% 81 55.1% 177 98.3% 501 76.7%
Table 568. Impacts of extreme floods and droughts to the households
BENIN = BURKINA FASO NIGER Mékrou Basin
count count count count
Impacts of floods
Damage to the house 3 24 5 32
Loss of agricultural production 8 44 7 59
Injury or death of a household member 1 3 4
Loss of livestock 16 4 20
Impacts of droughts
Loss of agricultural production 74 66 3 143
Malnutrition of at least one household person 41 4 2 47
Loss of livestock 20 4 3 27
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Table 679. Estimated costs of the recent flood and droughts (in FCFA)

Mean

Standard Deviation

Mean

Standard Deviation

Mékrou Basin Benin
Costs of floods
324563 (~495 EURO) | 40,000
373159
Costs of droughts
256440 (~391 EURO) 262,184

324224 257:676

Table 7810. Selected independent variables for modelling costs of floods and droughts

Variable
ECONSTAT

CropProdLoss
LivestockLoss
PRODCROP

Scaling

average
0 (no impact), 1 (impact)
0 (no impact), 1 (impact)
Numerical Value

Table 8911. Costs of floods — Multivariate linear regression model

Number of obs = 48
Independent Variables
ECONSTAT
CropProdLoss
LivestockLoss

cons

Cost Estimate / household

R-sg: 0.4828

1. Rich, 2. Relatively rich, 3. Average,

4. Below average, 5. Much worse than

Burkina Faso  Niger
334,326 160,000
378,071
252,803 0
362;150 0
Correlation - [ Formatted Table

CropProdLoss: -0.0786
LivestockLoss: -0.134

LivestockLoss: -0.017
PRODCROP: 0.212

F-test: 7.842 « [ Formatted Table
Coef. Std. Err. P>z

-128,548.5 47850.09 0.01

287269.9 129224.5 0.031

359,272.4 92753.99 0

429,595.2 225058.3 0.063

256,441 (FCFA) 390.92 (EURO)
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Table 9162. Costs of droughts - Multivariate linear regression model

Number of obs =98  R-sq: 0.1907 F-test: 11.196

Independent Variables Coef. Std. Err.
PRODCROP 14.08801% 3.643078
LivestockLoss 137,261.8 74243.4
_cons 130,367.5 39952.2
Cost Estimate / household 324,563 (FCFA) 494.76495 (EURO)
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P>z

0.068
0.002



Figure 1. The Mékrou river-basinRiver Basin and the household survey area
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Figure 2. ComparisenBox-whiskers plot comparison of seasenal-distribution-efmonthly precipitation for the first 25 years of the time series

versus the last 10 years and Seasonal Mann-Kendall results. The Seasonal Mann-Kendal test performed did not highlight significant (p-value
<0.010) increasing or decreasing trends in the analysis of the two precipitation time series.
600
« Median Last 10 years rend test for mtercept

255.75% id country region andal Seore (5) Va5 wosced puae Kandas tay sttstic vaiue of Sen' slopa. raecapt
- 1 Benin Banikoara -49 1491 6670 0.2045 -0.0913 -0.00250 35238
Min-Max 2 Benin Pehunco -42 1500.0000 0.2782 00778 -0.06025 68.334
500 3 Benin Karimama 21 1456.3330 0.5621 -0.0400 0.00000 20684
4 Benin Kounde -36 1500.0000 0.3526 -0.0667 0.04139 65.821
5 Benin Kerou -40 1498.0000 0.3014 00742 -0.02008 42.826

6 BurkinaFaso Tansaiga -10 0.7885 0019
400 7 Burkina Faso Bottou 46 1371.3330 0.2142 00915 0.00000 16.893
8 Burkina Faso Diapaga 18 0000 0.6371 00343 0.00000 23.632
9 Niger Parc W a3 1379.6670 0.2470 00852 '0.00000 16875
10 Niger Kirtachi 26 1229.3330 0.4584 0.0587 0.00000 8.492
11 Niger Tamou 66 1355.3330 0.0730 01326 0.00000 10338
300 12 Niger Boboye. 12 1419.3330 0.7501 00232 0.00000 9178

iR All Time Series (1981-2016) trend test for intercept

region Kendall Score (S) variance of 5 two-sided pvalus Kendalfs tau staistic walue of Sen's slope imescept.
1 enin Banikoara 259 64624 3300 0.3083 00344 0.00052 31010
200 o 2 Benin Pehunco 349 64679.0000 0.1700 00462 001184 7116
| BR 3 Benin Karimama -74 62939.3300 0.7680 -0.0100 0.00000 18261
4 Benin Kounde 421 64679.0000 0.0978 00557 001200 58271
N ' 5 eni Kerou 397 64666.3300 0.1185 0.0526 0.00518 .286
i 6 Burkina Faso Tansarga 321 61339.6700 0.1 1044 '0.00000 24718
100 7 Burkina Faso Bottou 78 61251.3300 0.7526 00108 10.00000 13200
1 B | 8 Burkina Faso Dsag#a 324 62905.3300 0.1964 0. 0.00000 20.995

1 i u 9 Niger "arc 112 . ) 6458 0016
I ‘ N ] 1 [ 10 Niger Kirtachi -149 56234.3300 0.5298 00225 10.00000 6679
s l W 5 1 1 Niger Tamou 79 59789.0000 0.7466 00112 0.00000 8413
0 .t v e ww . m s s [— 12 Higer Baboye. 4132 617260000 05052 -0.0182 0.00000 7.081

N
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Last 10 years (2007-2016)

Mann-Kendall trend test for monthly environmental time series by Regions

Seasonal Sen's slope and intercept

id country region Kendall Score () variance of S ‘two-sided p-value Kendall's tau statistic walue of Sen's siope intercept
1 Benin Banikoara -49 1491.6670 0.2045 -0.0913 -0.00250 35.238
2 Benin Pehunco -42 1500.0000 02782 -0.0778 -0.06025 68.334
3 Benin Karimama =21 1456.3330 05821 -0.0400 0.00000 20.684
4 Benin Kounde -36 1500.0000 0.3526 -0.0667 -0.04139 65.821
5 Benin Kerou -40 1498.0000 03014 -0.0742 -0.02008 42.826
6  Burkina Faso Tansarga -10 1389.3330 0.7885 -0.0197 0.00000 24.686
7 Burkina Faso Bottou 46 1371.3330 0.2142 0.0915 0.00000 16.893
8 Burkina Faso Diapaga 18 1456.0000 06371 0.0343 0.00000 23.632
9 Niger Parc W 43 1379.6670 0.2470 0.0852 0.00000 16.875

10 Niger Kirtachi 26 1229.3330 0.4584 0.0587 0.00000 8.492
11 Niger Tamou 66 1355.3330 0.0730 0.1326 0.00000 10.338
12 Niger Boboye 12 1419.3330 0.7501 0.0232 0.00000 9.178

All Time Series (1981-2016)
I

Mann-Kendall trend test for monthly environmental time series by Regions

Seasonal Sen's slope and intercept

d country region Kendall Score () variance of 5 two-sided pvalue Kendall's tau statistic walue of Sen's siope intercept

1 Benin Banikoara 259 64624.3300 0.3083 0.0344 0.00052 31010

2 Benin Pehunco 349 64679.0000 0.1700 0.0462 0.01184 57.116

a Benin Karimama -74 62939.3300 0.7680 -0.0100 0.00000 18.261

4 Benin Kounde 421 64679.0000 0.0078 0.0557 0.01200 58.271

5 Benin Kerou 397 64666.3300 0.1185 0.0526 0.00518 40.286

6 Burkina Faso Tansarga 321 61339.6700 0.1049 0.0444 0.00000 24.718

T Burkina Faso Bottou 78 61251.3300 0.7526 0.0108 0.00000 13.290

8 Burkina Faso Diapaga 324 62005.3300 0.1964 0.0440 0.00000 20.995

9 Niger Parc W 112 50376.0000 0.6458 0.0160 0.00000 12.023

10 Niger Kirtachi -149 56234.3300 05298 -0.0225 0.00000 6679

11 Niger Tamou 79 50789.0000 0.7466 0.0112 0.00000 8.413

12 Niger Boboye -132 61726.0000 05952 -0.0182 0.00000 7.001

Figure 3. Temporal monthly precipitation profile for the Mékrou Area of Interest
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Figure 4. HWMI index computed for 1981 to 2015 on the Mékrou
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Average daily discharge - Barou - river basin outlet [m3/sec]
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5 Figure 5. Mékrou River,daily average discharge at Barou station as modelled in SWAT in the period 1995-2012. Dashed line indicates the+«—— {Formatted: Normal, Don't keep with next
average of the total period under consideration. o { Formatted: Font: 9 pt
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Average daily discharge - Barou - river basin outlet [m3/sec]
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