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In response to the limited understanding on links between climate variability 
and weather-related impacts of both floods and droughts, and the current gap 
in translating such relationships into impact-based information that can be used 
as a basis for triggering early action, the main objective of this thesis was: 

 To assess the link between climate variability and weather-related impacts 
(flood and drought) at the global and regional levels, and to develop impact-
based forecast methods that can potentially reduce these impacts through 
early action.  

The thesis’ main objective was achieved by investigating five research 
questions, previously defined in Chapter 1. In this final chapter, answers to the 
five research questions are provided. The chapter ends with a discussion of 
future challenges and avenues of research on the topic of climate variability, 
impact-based forecasting and early action.  

Research question 1| What are the links between large-scale climate variability, 
the occurrence and intensity of extreme rainfall, and anomalies in flood 
occurrence and damage? 

Using a pan-European case study, Chapter 2 analyses the spatial and temporal 
influence of climate variability on extreme meteorological and flood events. 
This is done by investigating the El Niño Southern Oscillation (ENSO), the North 
Atlantic Oscillation (NAO), and the East Atlantic pattern (EA) during their 
neutral, positive, and negative phases, to understand their relationships with 
four flood indicators: Occurrence of Extreme Rainfall, Intensity of Extreme 
Rainfall, Flood Occurrence, and Flood Damage. Statistical tests such as the T-
Test, bootstrapping and field significance are applied to investigate the 
strengthen and significance of the relationship between the indices of climate 
variability and the four flood indicators. This chapter pays special attention to 
assessing relationships between multiple indices of climate variability and flood 
losses, an avenue of research that has not been widely investigated.  

The results show that climate variability has strong links with the four flood 
indicators. Both positive and negative phases of NAO and EA are associated 
with more intense and frequent extreme rainfall over large areas of Europe, 
whereas the effect of ENSO is much smaller. Anomalies in the indicators of 
occurrence and intensity of extreme rainfall linked to the positive/negative 
phases of the indices of climate variability can be up to ±100% and ±60%, 
respectively. At the aggregated pan-European scale, all three indices of climate 
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variability show significant relationships with Flood Occurrence in one or more 
phase and/or season, with the strongest link being observed for NAO. Positive 
and negative phases of NAO are linked with high anomalies in Flood Occurrence 
in Europe during summer and winter, respectively. In summer, during positive 
phase of NAO, anomalies in Flood Occurrence are 170% higher than during the 
neutral phase of NAO. In winter, during the negative phase of NAO, anomalies 
in Flood Occurrence are on average 70% higher than during the neutral phase 
of NAO. Anomalies in Flood Damage are linked to all three indices of climate 
variability, with the strongest anomalies also found in connection with the NAO 
positive phase in summer (374% higher than during neutral phase). It is shown 
for the first time that Flood Damage and Flood Occurrence in Europe are 
strongly associated with climate variability, especially in southern and eastern 
Europe. 

In this study, limitations are also identified. The first one emerges from 
assessing the impact of ENSO, NAO and EA individually, and not from a 
multivariate perspective. Past studies have suggested that the indices of climate 
variability may intensify or reduce each other’s influence, and produce 
combined hydroclimatological effects (Heino et al., 2018; Seager et al., 2010). 
Therefore, analysing such indices individually may result in the 
underrepresentation of the relationship between climate variability and the 
four flood indicators. The second limitation emerges from not examining time-
lags between the indices of climate variability and the flood indicators. Given 
the long memory of atmospheric anomalies, a delayed influence on extreme 
rainfall (Tabari & Willems, 2018) and on flooding is expected, and therefore, 
such lagged relationships should be examined. These limitations are addressed 
in Chapter 3, and in Chapter 4 when investigating the relationship between 
climate variability and agricultural impacts. 

Research question 2| Can large-scale climate variability be used to forecast 
flood losses?  

Building upon recommendations from Chapter 2, Chapter 3 examines the role 
of seasonally lagged and synchronous indices of climate variability on flood 
losses at the sub-regional European scale. This chapter investigates the 
relationship between five indices of climate variability - the El Niño Southern 
Oscillation, the North Atlantic Oscillation, the East Atlantic pattern, East 
Atlantic/West Russian pattern and the Scandinavian Pattern - and the 
probability of four classes of flood losses ocurring: Damaging, Low Damaging, 
Medium Damaging and High Damaging. As well as investigating the likelihood of 
such classes of flood losses occurring based on indices of climate variability, 
Chapter 3 assesses whether some of these losses can be predicted one season 
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ahead. To achieve this, a range of logistic models in combination with a Leave-
one out cross validation technique are applied. This analysis aims at providing a 
better understanding of the combined effect of the indices of climate variability 
on flood losses while at the same time assessing the predictive skill of such 
models and indices. 

Whilst in Chapter 3 the logistic regressions are unable to predict High Damaging 
floods based on synchronous indices of climate variability, it is shown that the 
indices can be used to predict classes of Damaging, Low Damaging and Medium 
Damaging flood events, mostly in at least 2 out of 4 seasons in all regions of 
Europe. This study also shows that some of the classes of flood losses can be 
predicted one season ahead because a lagged relationship may exist between 
the indices of climate variability and the flood losses in all European sub-
regions. It is observed that the probability of classes of flood losses may 
increase or decrease by up to ±100% in comparison to historical probabilities 
depending on the phase of the index of climate variability. The negative 
(positive) phase of the best performing index is often related to an increase 
(decrease) in the probability of Damaging and Low Damaging floods in 
comparison with the historical probability in southern and western Europe, and 
that the opposite is found for northern and eastern Europe. Furthermore, most 
of the models show improved probability of flood losses when the indices of 
climate variability are combined and in their extreme phases. For instance, the 
probability of Low Damaging flood events in southern Europe during winter 
months can increase when negative EAWR (EAWR = -1) and positive SOI (SOI = 
+1) are combined and synchronous (92%) relative to probabilities obtained 
from a simple logistic regression using only EAWR (EAWR = -1; 81%). 

In Chapter 3, some avenues for improvement are also suggested, such as 
exploring relationships between the five large-scale climate variability and 
impacts through techniques that primarily focus on predictions, such as 
supervised Machine Learning algorithms. This is further addressed in Chapter 4. 
Furthermore, to strengthen this analysis, it is suggested that elements of 
exposure, vulnerability and local weather variability should be included, which 
play an important role in the socio-economic impacts of floods and droughts. 
These recommendations are further explored in Chapters 4 and 5.   

Research question 3| Can large-scale climate variability be used to forecast 
agricultural production and support agricultural management and decision-
making? 

Chapter 4 analyses the multiple time-scale relationships between large-scale 
indices of climate variability and anomalies in crop production at the pan-
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European scale. This analysis is uses a supervised Machine Learning algorithm 
named “Fast-and-Frugal Trees” within each month of the growing season 
(during different vulnerable stages) of sugar beet. The role of five large-scale 
indices of climate variability - the El Niño Southern Oscillation, the North 
Atlantic Oscillation, the East Atlantic pattern, East Atlantic/West Russian pattern 
and the Scandinavian Pattern - are investigated, with the aim of identifying 
regions where anomalies in sugar beet production can be forecasted based on 
such indices. This chapter widely discusses how such impact-based forecasting 
information could potentially improve the management of the agricultural 
sector in Europe. 

The results in is Chapter 4 shows that by applying the Fast-and-Frugal Trees, 
high/low classes of sugar beet production could be predicted in 77% of the 
investigated regions, corresponding to 81% of total European sugar beet 
production. For nearly half of these regions, such impact-based information is 
available six or five months before the start of the sugar beet harvesting season, 
where approximately 44% of the mean annual sugar beet is produced. Chapter 
4 finds that winter and spring averages of the indices of atmospheric oscillation 
can be used as a first indicator of summer harvesting performance. The Fast-
and-Frugal Trees models perform more consistently in eastern and western 
Europe. Chapter 4 also argues that the Fast-and-Frugal Trees may not perform 
satisfactorily in some regions due to: (a) management activities, such as 
presence of irrigation, which may inhibit the impacts of unfavourable weather 
conditions; (b) lack of underlying physical relationships between sugar beet 
production and the investigated indices of climate variability; and (c) due to 
limitations in the dataset.  

It is suggested that testing the proposed method on other crop production 
databases and crop types can provide further insights into the strengths and 
limitations of the approach. Therefore in Chapter 5, these considerations are 
implemented further to explore the performance of Fast-and-Frugal trees 
(based on indices of climate variability and vegetation coverage) for predicting 
maize yields in Kenya. 

Research question 4| How can information about climate variability be used to 
increase the cost-effectiveness of ex-ante risk financing programmes?  

Chapter 5 evaluates the cost-effectiveness of ex-ante cash transfers during the 
growing season of maize leveraged by a novel impact-based forecasting model. 
It compares the costs of ex-ante cash transfers with the costs of ex-post cash 
transfers after harvesting in five districts in Kenya. First, a forecast model using 
Fast-and Frugal Trees is developed that unravels early warning relationships 
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between indices of climate variability (Net Precipitation and the El Niño 
Southern Oscillation), vegetation coverage (normalized difference vegetation 
index), and maize yields at multiple lead times before the maize harvesting 
season. The cost-effectiveness of ex-ante cash transfers during the growing 
season is evaluated prompted by the expected probabilities of low maize yield 
that are obtained from the Fast-and-Frugal trees models. These costs are 
compared with the costs of ex-post cash transfers after harvesting.  

Results show that the Fast-and-Frugal Trees models have skill to forecast low 
maize yields in all five districts, and that in most cases, models have predictive 
skill already six months before the start of the harvesting season. The model 
correctly forecasts “below yield threshold” 85% of the time, across different low 
yield percentiles, districts, and lead times. The models' performance improves 
towards the end of the growing season driven by a decrease of 29% in the 
probability of False Alarms. The Fast-and-Frugal Trees models improve with 
shorter lead times because information concerning climate variability and 
vegetation coverage during the final months of the growing season is added to 
the model. When assuming a perfect forecast (Hits = 100% and False 
Alarms = 0%), cash transfers can be most cost-effective ex-ante at a lead time of 
6 months. Moreover, when using actual forecasts based on the Fast-and-Frugal 
trees predictions, results demonstrate that ex-ante cash transfers can often be 
more cost-effective than ex-post cash transfers, especially for the more 
extreme yield deficits (yields that are equal or below the 15% or 20% percentile 
of the observed maize yield time series). The costs of ex-ante cash transfer for 
compensating farmers during years of extreme yield deficits can be, on average, 
29% and 14% lower than ex-post cash transfers. Consequently, early response 
can yield significant cost savings. 

Chapter 5 highlights that multiple challenges exist for operationalizing cash 
transfers based on indicators of droughts. For instance, taking adequate actions 
in response to early warnings of drought risk based on indices of climate 
variability requires an in-depth understanding of the potential impact and 
timing of a hazard. Further recommendations on how to reduce risks using 
impact-based forecasting and assessment are provided in Chapter 6. 

Research question 5| How can the reduction of disaster risks be achieved by 
improving our understanding and prediction of the impacts associated with 
large-scale climate variability? 

Globally, the El Niño Southern Oscillation (ENSO) is the most important mode of 
climate variability, and has been linked with changes in hydrometeorological 
extremes and corresponding socio-economic impacts at different scales. A good 
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understanding of risks during ENSO extremes is key for adequate response. 
Chapter 6 has shown that ENSO may increase the risk of water scarcity and low 
crop yields globally, and change the probabilities of extreme rainfall, and coastal 
and river flooding. Moreover, climate forecasts can predict the El Niño Southern 
Oscillation months in advance, enabling stakeholders to take disaster risk 
reducing actions. Chapter 6 discusses some examples of organizations that 
already use ENSO forecasts for reducing risks are provided. For instance, an El 
Niño contingent insurance product has been developed for the region of Piura 
(Peru) to compensate firms for lost profits or extra costs likely to occur as a 
result of floods. Moreover, Chapter 6 acknowledges that some constrains to 
action still exist to respond to ENSO forecasts such as the uncertainties 
surrounding ENSO's influence on the likelihood of droughts or floods. 
Nevertheless, this chapter concludes that ex-ante information regarding the 
spatial configuration of risk leveraged by impact-based forecasts with long lead 
times, such as the ones developed in Chapter 2-5, could support a shift towards 
a more anticipatory and preventative risk management. 

This thesis demonstrates several opportunities to reduce the risk of disasters by 
responding to forecasts of the indices of climate variability. Chapter 2 highlights 
that the El Niño Southern Oscillation, the North Atlantic Oscillation, and the East 
Atlantic pattern can be forecasted with varying levels of skill and lead times, and 
that seasonal risk outlooks could potentially be developed based on forecasted 
values of the indices of climate variability. The findings of this study, in 
combination with such risk outlooks, could provide information on whether 
flood impacts in upcoming seasons are likely to be higher or lower than 
average, which could be useful for flood disaster preparedness. For example, 
the European Union's Solidarity Fund, holding €500 million per year to help 
member states finance disaster losses, is greatly affected by large-scale 
correlations in flood losses (Jongman et al., 2014). Taking into account some of 
the long-term forecasting of climate variability anomalies in the design and 
budgetary planning of international finance mechanisms could reduce the 
chance of such a fund facing unexpected pay-outs across large regions in 
Europe, and thereby reduce the chance of fund depletion.  

Furthermore, Chapter 3 argues that major floods can be driven by large-scale 
atmospheric oscillations, and as result such flood events may increase the 
pressure on trans-national risk reduction and risk transfer mechanisms due to 
the high interdependencies of flood hazard across European regions. The 
spatial-temporal information of the probability of flood losses, in combination 
with average costs of flood events, may be useful for decision-makers to guide 
flood preparedness actions. Some of the models presented in Chapter 3 may be 
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transformed into an impact-based flood forecasting system when a relationship 
between the indices of atmospheric oscillations and flood losses are found 
either one season ahead, or when the indices of atmospheric oscillation can be 
predicted at a seasonal lead time or longer. For instance, the ex-ante 
information regarding the spatial configuration of risk could support insurance 
or reinsurance companies in allocating and managing portfolios more efficiently 
in order to comply with the EU solvency requirements, which demands that 
(re)insurers have adequate reserves for 99.5% of potential loss events 
(European Parliament and Council, 2009).  

Findings of Chapter 4 could support agricultural stakeholders in implementing a 
large range of actions throughout the growing season based on the provided 
long lead time impact information. For instance, six months before harvesting, if 
climatic conditions indicate shortage in production, tactical measures can be 
taken to increase supplies as follows: (1) better preparation or further 
investment in responsive irrigation schemes as sugar beet is particularly 
sensitive to water deficits in early spring (Clarke et al., 1993; Romano et al., 
2012); (2) taking measures to prevent freeze damage to crops such as active 
methods (e.g. adding heat and covering crops) and passive methods (e.g. 
proper scheduling of planting within the safe freeze-free period) as night frost 
in spring can damage sugar beet and delay seed germination (Pidgeon et al., 
2001; Snyder & de Melo-Abreu, 2005); and (3) before planting, producers could 
decide to reduce their financial losses by purchasing appropriate crop insurance 
products against deviations from their long-term yields. Additional actions are 
proposed for shorter lead times that can strengthen the European agricultural 
climate resilience. 

Chapter 5 provides recommendations on ways to potentially increase the 
efficiency of existing cash transfer systems. Currently, the Kenya Hunger Safety 
Net Programme triggers two types of cash transfers (standard and emergency 
payments) based on a single satellite Vegetation Condition Index (VCI). The cash 
transfer do not depend on field assessment, and emergency payments are 
made monthly in any sub-county when the VCI hits the scale up threshold (from 
moderate to extreme drought), and payments are suspended when the 
threshold is no longer reached for that month  (National Drought Management 
Authority, 2016). The use of a single drought indicator may not provide a 
comprehensive assessment of drought impact, and can occasionally trigger 
payments in situations where drought conditions are not evolving (National 
Drought Management Authority, 2016). The National Drought Management 
Authority could potentially improve the reliability of cash transfers and 
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anticipate pay-outs by including other drought early warning indicators, such as 
the ones adopted in this investigation.  

This thesis advances the understanding on links between climate variability and 
weather-related impacts of both floods and droughts, which can be used for 
generating impact-based forecasting and triggering early action. The outcomes 
of this thesis highlighted some key challenges and topics that require further 
investigation in future research.  

7.3.1 Climate variability and impacts 

Improving our understanding of the impacts of climate variability requires more 
investigation on the dynamics of climate variability  

Despite an increased understanding of the dynamics and the improved 
“forecastability” of indices that represent climate variability, uncertainties 
regarding their physical mechanisms and expected outcomes still remain. 
Therefore, further research is required to enhance the understanding of the 
physical processes that cause climate variability, both for the current climate 
and under future climate scenarios. For instance, a recent study (Huang et al., 
2018) investigated NAO variability under various climate forcings, and 
concluded that the effects of uniform sea surface temperature warming and 
direct CO2 radiative forcing could enhance westerly winds at mid-high latitudes, 
which intensifies NAO variability. This study also suggests that changes in 
meridional temperature gradient and in westerly wind in response to changes 
in sea surface temperature patterns are not uniform among the models. This 
indicates that the responses of NAO to sea surface temperature alterations is 
still unclear (Huang et al., 2018). Furthermore, despite progress in 
understanding ENSO dynamics in the past decade, ENSO’s characteristics have 
been changing during the last millennium (Cobb et al., 2003;Trenberth & 
Stepaniak, 2001), which may be due to the combination of its natural variability 
and anthropogenic forcing (Yeh et al., 2018). Moreover, some climate models 
suggest that ENSO teleconnections will change because of anthropogenic 
forcing, while other research suggests that changes in ENSO teleconnections in 
a warmer world are still unclear (Cai et al., 2014, 2015; Collins et al., 2010; 
Dommenget & Yu, 2017). Consequently, reducing uncertainties in the forecasts 
of indices of climate variability is intrinsically aligned with a better 
understanding of its physical processes. 

Improving our understanding on the impacts of climate variability requires better 
data and a thorough investigation on the relationships between human and 
natural systems 
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Large-scale climate variability and hydrometeorological hazards only partly 
explain in flood and drought risk. This is because the severity of disasters and 
their consequent losses not only depends on the intensity and frequency of 
hazards but are strongly influenced by the mutual interactions between 
humans and the natural systems. Socioeconomic development plays a major 
role in flood and drought risk, and alters the relationship between 
hydrometeorological hazards and their resulting impacts (Jongman et al., 2015). 
While better and more granular flood and drought impact datasets are needed 
for better assessing links between climate variability and impacts, a more 
comprehensive understanding of the interactions between human responses to 
the natural system is also required for a more realistic representation of 
disaster risks. Recent studies have shown that flood and drought risks are 
shaped by a range of nonlinear and complex relationships between humans and 
the natural system, such as risk perception, adaptation decisions, trust in 
authorities and awareness (Aerts et al., 2018; Di Baldassarre et al., 2018; 
Veldkamp et al., 2017; Wens et al., 2019). Therefore, understanding trends in 
flood and drought impacts can only be partially explained by estimating 
hydrometeorological changes. Overcoming these limitations would enable a 
better understanding of how the variability in the climate may unfold into 
socioeconomic impacts, and therefore novel modelling approaches such Agent-
Based Modelling that include human responses to risks should be further 
developed in the future.   

7.3.2 Impact-based forecasting 

Impact-based forecasting can be enhanced by improving the forecasting skill and 
lead time of indices of climate variability  

Since seasonal forecasts only have moderate levels of skill in predicting 
hydrometeorological conditions, it is important to explore different approaches 
to use variables of seasonal forecasts with improved skill, such as those of large-
scale climate variability (Ceglar et al., 2017). For instance, improvements in 
seasonal forecasting systems have allowed skilful predictions of the winter NAO 
and ENSO to be extended to more than a year ahead (Dunstone et al., 2016; 
Gonzalez & Goddard, 2016), while EA summer and autumn anomalies have 
been hindcasted with a lead time of 1 to 2 months (Iglesias et al., 2014). This is 
leveraged by a substantial progress in understanding potential sources of 
predictability coupled with model improvements. Yet, producing a reliable 
forecast of the indices of large-scale climate variability is still challenging. For 
instance, in 2014 the National Oceanic and Atmospheric Administration Climate 
Prediction Center issued a forecast in early July that indicated close to 80% 
chance of a strong El Niño forming in that year during the Northern Hemisphere 



 

Synthesis | 151 

fall. However, sea surface temperature anomalies began to decay, and seasonal 
forecasts became increasingly uncertain by the end of 2014 (McPhaden, 2015). 
Furthermore, NAO seasonal predictability is limited to winter and spring months 
only (Dunstone et al., 2016; Li, 2010), while EA predictability is limited to 
summer and autumn months (Iglesias et al., 2014; Wulff et al., 2017). Seasonal 
predictions of the EAWR and SCA are currently unavailable. Therefore, 
generating and extending the predictability of the indices of climate variability 
would allow for seasonal predictions of teleconnections and impacts, which 
could potentially be developed into impact-based forecasting. Therefore, 
improving the forecasting skill of indices of climate variability and making it 
available at longer lead times it is an important step to achieve impact-based 
forecasting. 

Impact-based forecasting can be harnessed by combining the forecast of indices 
of climate variability with socioeconomic impacts of floods and droughts 

Further value could be added to the forecasts of indices of climate variability by 
combining them with information on the resulting flood and drought losses, 
thereby enabling the seasonal forecasting of those socioeconomic impacts. 
Such seasonal outlooks could provide information on emerging flood and 
drought seasonal impacts, which could be useful for flood and drought risk 
preparedness. Ex-ante information regarding the spatial configuration of risk 
could support a more efficient allocation of financial resources and actions, and 
the development of disaster financing schemes in developed and developing 
countries that could alleviate the abrupt financial burden of disasters. 
Therefore, future research should focus on further understanding the link 
between indices of large-scale climate variability and the socioeconomic impact 
of floods and droughts, which would allow combining such information with 
skilful forecasts to develop seasonal flood and drought risk outlooks. Risk 
information with long lead times can support a shift towards a more 
anticipatory and preventative risk management, as urged by the Sendai 
Framework for Disaster Risk Reduction (UNISDR, 2015b). 

7.3.3 Early Action 

Leveraging early action requires exploring the benefits of acting early  

Despite advances in early warning systems, forecast information is rarely used 
for triggering and financing early actions. Scaling up early actions, and 
overcoming the institutional and financial barriers to actions based on 
forecasts, requires an understanding of the potential benefits associated with 
appropriate early interventions while avoiding impacts. Despite this need, 
assessments of the costs and benefits of ex-ante and ex-post actions are largely 



Synthesis | 152 

missing in the literature. Therefore, more research should be performed to 
assess the incentives for early action, and to better guide the understanding of 
the benefits of acting upon emerging drought and flood risks in association with 
forecasting model uncertainties. Throughout this thesis, it was argued that 
providing timely finance prior to a disaster can be more cost-effective than 
investing in post-disaster expenditures. Such cost-effectiveness was shown 
despite model uncertainties and price variations in an exercise in which farmers 
could be compensated for expected failed yields during the growing season of 
maize. These findings suggest that early response could yield significant cost 
savings, and can potentially increase the effectiveness of existing early action 
systems. However, the primary limitation of this investigation was to assume 
that prices are solely dependent on the national supply of maize, when in reality 
prices are associated with a combination of factors including supply and 
demand in neighbouring regions and global price shocks (Brinkman et al., 2010). 
Therefore, the macro spatial scale dynamics of price variability, such as the risk 
of multiple breadbasket failures (Janetos et al., 2017), should be further 
investigated for a more realistic estimation of the cost-effectiveness of early 
actions. Furthermore, cost-effectiveness of early action analysis could be 
further performed for other (multi-)hazards. The relative importance of such 
investigations lies primarily in the fact that humanitarian needs are often 
heavily underfunded (UNOCHA, 2018), and therefore finding ways to improve 
the cost-effectiveness of existing early action budgets would allow for 
maximizing benefits while avoiding human suffering and losses. As suggested in 
this thesis, developing more proactive disaster preparedness and prevention 
could help buffer the impacts of future risks. 

Leveraging early action requires mainstreaming disaster risk reduction into flood 
and drought risk management and policies  

The indices of climate variability investigated in this thesis have been linked to 
socioeconomic impacts in large parts of the world, by increasing the likelihood 
of extreme events such as floods and droughts. Climate forecasts can predict 
some of these indices several months in advance, and therefore impact-based 
forecasts can be produced. Some governments and humanitarian organizations 
are increasingly taking precautionary measures to reduce the risk of disaster 
based on these forecasts. Consequently, there are more and more examples of 
good practices of actions taken to reduce the socioeconomic burden of extreme 
events based on impact-based forecasts, such as the pilots of the forecast-
based financing projects established by the Red Cross Red Crescent (Coughlan 
De Perez et al., 2015) and the Food and Agricultural Organization (FAO, 2019). 
Consequently, an enhanced understanding of current and future (multi-)risks, at 
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all scales, is needed to foster improvement in the management of hazards 
driven by climate variability, and to mobilize innovation and finance that 
enables risk-informed sustainable development. Multiple challenges can be 
observed for operationalizing forecast-based early action for droughts and 
floods. Taking actions in response to early warnings of drought and flood risks 
based on indices of climate variability requires an in-depth understanding of the 
potential impact, scale, aid-triggering thresholds, severity and timing of a 
disaster (Wilkinson et al., 2018). Given these challenges, communicating and 
mobilizing funds to mitigate climate variability-related impacts remains difficult, 
which includes translating uncertain early warning information into multiple 
and flexible early actions. However, there has been a growing interest from 
development agencies, governments and the humanitarian community in 
mainstreaming disaster risk reduction actions for sustainable development by 
tackling underlying risk factors before a disaster, even at the cost of “acting in 
vain”. The potential to act in vain based on forecasts, and the lack of measured 
benefits of early action, are important political disincentives to integrate 
forecast-based actions in international development financing and national DRR 
strategies (Wilkinson et al., 2018). Although “False Alarms” are often not 
appreciated, such early actions offer opportunity for building up risk awareness 
and can provide benefits even if a disaster does not materialise. Currently, 
there is a strong will to institutionalise predictable and faster early action in 
humanitarian responses and government risk-financing (Wilkinson et al., 2018). 
Developing standard operating procedures with an agreed set of actions, 
thresholds and funding will increase confidence and mainstream forecast-based 
actions. Therefore, further research should be carried out to identify and 
comprehend the underlying interests and incentives that are relevant to 
stakeholders if early warning early action is to become best practice. 
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