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▰ We propose a common analytical framework to assess the 
economic consequences of increasingly frequent 
climate-related disasters. This framework also facilitates the 
design of forward-looking scenarios, which are becoming 
essential inputs for risk management and policy planning.

▰ We use the EM-DAT database on physical climate risks as our 
primary data source. Recognizing its limitations -particularly the 
underreporting of economic damages- we enrich the core 
damage variable with additional sources to construct a proxy 
for economically exogenous shocks, estimated via a non-linear 
damage model. Crucially, this approach is both flexible and 
scalable: the methodology can be extended to other types of 
natural disasters and geographical contexts, particularly where 
economic loss data are incomplete.

▰ To assess the macroeconomic consequences of 
climate-related events, we develop a non-linear dynamic 
spatial panel model that captures both the direct and indirect 
effects of floods on regional employment. The model explicitly 
incorporates interregional economic linkages and leverages our 
previous estimated damage variable as the primary shock proxy. 
To account for post-disaster recovery dynamics, we also 
include insurance payouts from the Spanish Consorcio de 
Compensación de Seguros as a proxy for financial assistance.

Main takeaways

▰ Our findings reveal strong non-linearities: the effect of the shock 
becomes particularly relevant in the case of extreme events, and the 
geographic location of the catastrophe plays a crucial role in 
determining its impact on national outcomes.

▰ In the the absence of official damage data, our models suggested that 
the DANA could have caused economic damages losses between 0.55 
% and 1.71 % of Spain’s GDP, potentially reducing employment by an 
average of 2.2 percentage points in the province of Valencia and by 0.2 
percentage points at the national level. Following the release of 
damage data in EM-DAT, the estimated employment cumulative 
impact for Valencia was revised downward to 1.4 percentage points, 
closely aligning with the observed outcome (-1.6pp).

▰ Importantly, the pace of employment recovery has exceeded initial 
expectations, primarily due to the timely and significant disbursement 
of insurance payouts. We find that when such payouts exceed 40% of 
the estimated damages, they appear to mitigate the adverse effects on 
growth and contribute to a net positive impact on employment 
outcomes. The recovery of the capital stock might follow a different 
temporal pattern, which falls beyond the scope of this study.

▰ Our results prove robust across specifications: consistent estimates 
are obtained both when the damage proxy is replaced with a physical 
metric (such as precipitations) and when modifying the spatial weight 
matrices used to capture interregional economic dependencies.

https://www.emdat.be/
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EM-DAT serves as the gold standard for data on acute climate events. It is a 
reliable source, though some gaps remain

▰ The EM-DAT database provides a record of the most significant climate-related physical events worldwide(*). In addition to the location and 
dates of each event, it includes information on fatalities, affected populations, and economic damages(**) caused by the event.  

▰ The availability of data varies significantly across variables. Between 1980 and 2025, only 36% of acute physical risk events include 
information on economic damages (4,376 out of 12,179). For floods, the coverage drops to 32% (1,754 out of 5,513 events).

▰ In contrast, variables such as duration, fatalities, country, region, and date have much more complete records: duration and fatalities are available 
in 85% and 71% of cases, respectively, with the others close to full coverage.

(*) EM-DAT record events with at least one of the following criteria: 10 fatalities; 100 affected people; a declaration of state of emergency;a call for international assistance.
(**) Value of all economic losses directly or indirectly due to the disaster, in thousands of real US dollars (‘000 US$, with 2023 as base year).

WORLD CLIMATE-RELATED ACUTE EVENTS
1980-2025. NUMBER OF EVENTS.

Source: BBVA Research from EM-DAT.

WORLD CLIMATE-RELATED ACUTE EVENTS WITH 
DAMAGE INFORMATION. 1980-2025. NUMBER OF EVENTS

Source: BBVA Research from EM-DAT.

https://www.emdat.be/
https://www.emdat.be/
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▰ The global flood damage model allows us to impute a damage estimates when there are missing values. The econometric specification (*) is as 
follows:

▰ The model is based on 1342 global flood events since 1980 with available data on damages, deaths, duration, GDP, and 
population density.

▰ The dependent variable is flood-induced economic damage as a share of GDP, which represents the total economic losses directly or 
indirectly caused by the disaster.

▰ The main regressors are: the mortality rate attributable to the flood event (perpop), the proportion of the year affected by the flood (perdur) , 
and the (log) of population density (lden) as an instrumental variable for capital stock and infrastructure endowments.

▰ In order to capture potential non-linearities associated with event severity, we define four binary indicators for extreme events (Dk), each equal 
to 1 if an event’s damage ranking falls within one of the following damage percentiles (k); 95-100 %, 90-95 %, 85-90 %, or 85-80 %, and 0 
otherwise. Since dummies beyond the 80th percentile do not yield statistically significant differential effects (i.e. they are indistinguishable from the 
baseline), those lower-percentile bins have been omitted from the specification.

▰ The model allows the marginal effects of the regressors to vary with event severity through interaction terms. Country fixed effects are included to 
absorb time-invariant unobserved heterogeneity across countries.

To address those gaps, we estimate economic damages based on other 
variables in EM-DAT to retain all floods in Spain for subsequent analysis
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▰ The results reveal nonlinear effects in the key
variables. Statistically significant impacts emerge
during extreme events, while non-extreme floods tend
to result in damages close to zero.

▰ As hypothesized, each additional fatality is
positively and significantly associated with
progressively larger economic losses -
demonstrating that events with higher human costs
systematically yield greater financial damages.

▰ During extreme events, population density
exhibits a robust, statistically significant, and
monotonically increasing effect on economic
damages - higher density areas incur greater losses.
Conversely, although the duration coefficient
conforms to theoretical expectations, it fails to reach
statistical significance.

As expected, disaster fatalities are strongly linked to economic damages - 
especially in extreme events

Source: BBVA Research.
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Source: BBVA Research.

WORLD, CLIMATE-RELATED FLOOD EVENTS AND 
THEIR IMPACT IN TERMS OF GDP: OBSERVED VS. 
FITTED VALUES. EVENTS IN THE SAMPLE.

▰ The correlation coefficient between observed and fitted damage values (as a share of GDP) in our sample is 0.85, 
indicating a strong relationship. This supports the use of the fitted values as a valid proxy for the economic shock in the 
subsequent Spanish regional analysis.

WORLD, CLIMATE-RELATED FLOOD EVENTS AND 
THEIR IMPACT IN TERMS OF GDP: OBSERVED VS. 
FITTED VALUES. EVENTS IN THE SAMPLE.

The model’s fitted values serve as a useful proxy -or instrument- for the true 
underlying shock: the magnitude of damages expressed in GDP terms
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SPAIN, 1980-2024. STANDARDIZED MAXIMUM PROVINCIAL PRECIPITATION -X AXIS-, DAMAGES -Y AXIS-, AND 
FATALITIES -SIZE OF THE BUBBLE-. 

▰ Our sample comprises 32 flood events, 13 of which lack reported damage data. The damage function estimated in the previous step 
substantially complements and enriches our database.

▰ In the crisis’s initial phase -in real time and before any official damage estimates were published- our model projected that the event could 
have inflicted economic losses between 0.55 % and 1.71 % of Spain’s GDP, depending on the severity assumption, with a mean estimate of 
1.1%. EM-DAT’s most recent update places the damage at 0.65 % of GDP -closer to our lower bound- even though the government mobilized 
emergency resources equivalent to nearly 1.1 % of GDP.

Source: BBVA Research.
(1) Having a reliable proxy is essential for identifying climate-related physical events, with climate severity being one of the most effective measures. AEMET provides downloadable precipitation data 
measured at each meteorological station, allowing us to build monthly provincial precipitation series dating back to 1980. AEMET’s meteorological observation network consists of approximately 830 meteorological 
stations distributed across the entire national territory.The variable for maximum monthly precipitation, standardized by month and province, is clearly related to the shock -floods-, while being exogenous to 
economic variables. 

How many floods have occurred in Spain, and what has been their 
magnitude?

DANA -EM-DAT- 
10/24

DANA 95-100p 
10/24

DANA 90-95p 
10/24

https://www.lamoncloa.gob.es/info-dana/Paginas/2025/240425-datos-seguimiento-actuaciones-gobierno.aspx
https://opendata.aemet.es/centrodedescargas/inicio
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An standard spatial 
linear panel model 

where:

Here:

So, what do we do with all this? A spatial panel model to estimate the effects 
of floods on monthly employment, accounting for spillovers between regions
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So, what do we do with all this? A spatial panel model to estimate the effects 
of floods on monthly employment, accounting for spillovers between regions

An standard spatial 
linear panel model 

where:
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So, what do we do with all this? A spatial panel model to estimate the effects 
of floods on monthly employment, accounting for spillovers between regions

Our benchmark spatial 
non-linear panel model 

where:
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So, what do we do with all this? A spatial panel model to estimate the effects 
of floods on monthly employment, accounting for spillovers between regions

Our benchmark recovery 
extended spatial 
non-linear panel model 

where:
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▰ We found significant (direct) negative short-term effect
on employment growth in the provinces affected by the
event, with an estimated lag of approximately one month.
The effects are nonlinear.

▰ Floods seem to not have a direct and significant effect on
the employment growth of unaffected provinces.

▰ The model estimates suggest the presence of
second-round spatial spillovers, along with dynamic
effects that contribute to the diffusion and persistence of
the shocks affecting employment.

t statistics in parentheses
* p < 0.10, * p < 0.05, ** p < 0.01
Source: BBVA Research.

(1) Estimation is carried out using a two-stage IV FGLS procedure, employing instrumental variables to address 
potential weak exogeneity. Robust standard errors have been computed to account for contemporaneous correlation, 
heteroskedasticity, and autocorrelation, in accordance with the results of the relevant hypothesis tests. Both 
cross-sectional and time fixed effects are included, consistent with the findings from specification tests. A damage 
function has been estimated using data from the global EM-DAT database.

(2) An indicator function classifies an event as extreme when its severity exceeds two standard deviations above the 
mean severity of recorded floods in the sample. For the specification based on estimated economic damages, the 
threshold is set, on average, at 0.46% of Spanish GDP per affected province. For the precipitation-based specification, 
the threshold is set, on average, at 185 millimeters per square meter per affected province. We also tested the 
inclusion of supplementary variables capturing events spanning one to two standard deviations (i.e. 0.25 % to 0.46 % 
of GDP), but these variables proved statistically insignificant.

The model has been estimated, incorporating both the initial drop in 
employment due to the disaster…
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t statistics in parentheses
* p < 0.10, * p < 0.05, ** p < 0.01
Source: BBVA Research.

… and the subsequent recovery driven by financial aids

▰ We observed a significant positive direct effect of
post-disaster aid beginning at the second lag in
affected and unaffected regions -its effects are both
amplified and endure for up to five subsequent lags in
the impacted regions.

(1) Estimation is carried out using a two-stage IV FGLS procedure, employing instrumental variables to address 
potential weak exogeneity. Robust standard errors have been computed to account for contemporaneous correlation, 
heteroskedasticity, and autocorrelation, in accordance with the results of the relevant hypothesis tests. Both 
cross-sectional and time fixed effects are included, consistent with the findings from specification tests. A damage 
function has been estimated using data from the global EM-DAT database.

(2) An indicator function classifies an event as extreme when its severity exceeds two standard deviations above the 
mean severity of recorded floods in the sample. For the specification based on estimated economic damages, the 
threshold is set, on average, at 0.46% of Spanish GDP per affected province. For the precipitation-based specification, 
the threshold is set, on average, at 185 millimeters per square meter per affected province. We also tested the 
inclusion of supplementary variables capturing events spanning one to two standard deviations (i.e. 0.25 % to 0.46 % 
of GDP), but these variables proved statistically insignificant.
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IMPACT ON EMPLOYMENT GROWTH 
CAUSED BY THE DANA (PP, M/M)

IMPACT ON EMPLOYMENT GROWTH IN NOVEMBER 
2024 DUE TO THE DANA (PP, M/M)

▰ In the the absence of official damage data, our models suggested
that the DANA could have caused economic damages losses
between 0.55 % and 1.71 % of Spain’s GDP (central estimate
1.1 % for the scenario), and projected employment
cumulated declines of roughly 2.1 pp in the province of
Valencia and 0.2 pp nationwide.

▰ Approximately half of the total impact in Spain is attributable to
direct effects, while the remaining half arises from indirect effects.

Assessing the DANA’s impact: with missing data

Source: BBVA Research.
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IMPACT ON EMPLOYMENT GROWTH CAUSED BY 
THE DANA (PP, M/M)

IMPACT ON EMPLOYMENT GROWTH IN NOVEMBER 
2024 DUE TO THE DANA (PP, M/M)

▰ Following the release of damage data in EM-DAT (0.65% of 
Spanish GDP, which sits squarely at the lower bound of our 
damage projections), the estimated cumulated employment 
impact for Valencia was revised downward to 1.4 percentage 
points, closely aligning with the observed outcome (-1.6pp). 

▰ The 0.2-point discrepancy originates in period t, since the 
projected decline in t + 1 almost mirrors the observed fall.

Assessing the DANA’s impact: once the damage estimates were reported by 
EM-DAT

Source: BBVA Research.
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Assessing the DANA’s impact: counterfactual geographical simulations

IMPACT ON EMPLOYMENT GROWTH CAUSED BY 
THE EVENT (PP, M/M)

IMPACT ON EMPLOYMENT GROWTH IN NOVEMBER 
2024 DUE TO THE SIMULATED EVENT (PP, M/M)

▰ Our model indicates that overall outcome depends not only 
on the event’s magnitude but also critically on its 
geographic location.

▰ If the disaster had struck Barcelona province, our model 
-calibrated to estimated damages of 0.65 % of Spain’s GDP- 
suggests that effective employment cumulative impact would 
be 1.4pp, while the national rate would decline by 0.3pp.

▰ Roughly two-thirds of the impact in Spain would be direct, and 
one-third indirect.Source: BBVA Research.
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Source: BBVA Research.
(1) The shaded bands in the chart represent the estimated impact on employment under various 
levels of indemnity disbursement, relative to the damages caused by the DANA event, assuming a 
payout schedule consistent with that observed in past disasters.

SOCIAL SECURITY AFFILIATION IN THE PROVINCE OF 
VALENCIA (SEP 2024=100). IMPACT OF INSURANCE 
CONSORTIUM INDEMNITIES ON EMPLOYMENT (1)

▰ The decline in employment in the province of Valencia 
was milder than anticipated. The recovery is also 
unfolding more rapidly than in previous disasters of 
similar magnitude.

▰ When adjusting the decline to reflect actual 
observations, it becomes clearer that recovery funds 
are being deployed more swiftly than in past events. 
Our estimates suggest that these funds already cover 
approximately 60% of estimated damages, surpassing 
the disbursement pace observed in prior episodes.

▰ It cannot be ruled out that affected individuals may have 
brought forward their consumption and investment 
decisions in response to the magnitude of the 
announced funds. disbursement pace observed in prior 
episodes.

▰ The disaster caused significant destruction of capital, 
which means that employment must remain above its 
pre-disaster trend for some time to rebuild the capital 
stock.

How are indemnity payments progressing? They are being disbursed at a faster 
pace than in previous events, with employment exceeding its pre-DANA trend
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▰ We propose a common analytical framework to assess the 
economic consequences of increasingly frequent 
climate-related disasters. This framework also facilitates the 
design of forward-looking scenarios, which are becoming 
essential inputs for risk management and policy planning.

▰ We use the EM-DAT database on physical climate risks as our 
primary data source. Recognizing its limitations -particularly the 
underreporting of economic damages- we enrich the core 
damage variable with additional sources to construct a proxy 
for economically exogenous shocks, estimated via a non-linear 
damage model. Crucially, this approach is both flexible and 
scalable: the methodology can be extended to other types of 
natural disasters and geographical contexts, particularly where 
economic loss data are incomplete.

▰ To assess the macroeconomic consequences of 
climate-related events, we develop a non-linear dynamic 
spatial panel model that captures both the direct and indirect 
effects of floods on regional employment. The model explicitly 
incorporates interregional economic linkages and leverages our 
previous estimated damage variable as the primary shock proxy. 
To account for post-disaster recovery dynamics, we also 
include insurance payouts from the Spanish Consorcio de 
Compensación de Seguros as a proxy for financial assistance.

Main takeaways

▰ Our findings reveal strong non-linearities: the effect of the shock 
becomes particularly relevant in the case of extreme events, and the 
geographic location of the catastrophe plays a crucial role in 
determining its impact on national outcomes.

▰ In the the absence of official damage data, our models suggested that 
the DANA could have caused economic damages losses between 0.55 
% and 1.71 % of Spain’s GDP, potentially reducing employment by an 
average of 2.2 percentage points in the province of Valencia and by 0.2 
percentage points at the national level. Following the release of 
damage data in EM-DAT, the estimated employment cumulative 
impact for Valencia was revised downward to 1.4 percentage points, 
closely aligning with the observed outcome (-1.6pp).

▰ Importantly, the pace of employment recovery has exceeded initial 
expectations, primarily due to the timely and significant disbursement 
of insurance payouts. We find that when such payouts exceed 40% of 
the estimated damages, they appear to mitigate the adverse effects on 
growth and contribute to a net positive impact on employment 
outcomes. The recovery of the capital stock might follow a different 
temporal pattern, which falls beyond the scope of this study.

▰ Our results prove robust across specifications: consistent estimates 
are obtained both when the damage proxy is replaced with a physical 
metric (such as precipitations) and when modifying the spatial weight 
matrices used to capture interregional economic dependencies.

https://www.emdat.be/
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ANNEX I. We have tested whether the estimated coefficients change when 
replacing the 2019 trade matrix with that of 1995…
DIFFERENCES, IN PERCENTAGE POINTS, BETWEEN THE 2019 AND 1995 TRADE MATRICES

Source: BBVA Research.
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ANNEX I. …with results equal in both magnitude and statistical significance

Source: BBVA Research.



22Assessing the Economic Impact of Extreme Climate Events

ANNEX III. How does the model perform when applied to other events, such as the one 
in Bilbao? The results show a similarly good fit, lending additional robustness to the 
model's validity
IMPACT ON EMPLOYMENT CAUSED BY THE “BILBAO FLOOD” (PP, LEVEL), BIZKAIA.
SOLID BLUE LINE: MODEL PREDICTION | DASHED YELLOW LINE: OBSERVED OUTCOME
GAP VS. NO-FLOOD BASELINE SCENARIO.

Source: BBVA Research.




