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Introduction

 Droughts continue to affect ecosystems, communities, and entire economies 
(UNDRR, 2019; FAO 2018).

 Agriculture bears much of the impact, and in many countries it is the most heavily 
affected sector (FAO, 2018). 

 Over the past decades, efforts have been made to assess drought risk at different 
spatial scales. Few at global scale (Carrão et al., 2016; Dilley et al., 2005) but not yet 
focused on agricultural systems.

 We present for the first time an integrated assessment of drought risk for both 
irrigated and rain-fed agricultural systems at the global scale. Bringing together 
data from different sources and disciplines for rain-fed and irrigated agricultural 
systems considering relevant drought hazard indicators, exposure and 
vulnerability at the global scale.

Source: Meza et al. (2020) – NHESS Slide 01
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Source: Meza et al. (2020) – NHESS

Overall workflow of the assessment: 
Drought risk assessment for agricultural 
systems at global-scale
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TS3.25. Monthly time series of net irrigation 
requirements
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TS3.25. Annual time series of the deviation of 
the ratio AET / PET from the long-term (1986-
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Aggregation of pixel level data 
to national scale

MIRCA 2000 dataset was used to compute 
harvested area weighted averages of the 
indicators

 Terrestrial hydrology (WaterGAP) 

 Crop water use (GCWM)

Source: Meza et al. (2020) – NHESS

Methodology:
Drought hazard & exposure analysis
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Source: adapted from OECD (2008) 

Methodology:
Drought vulnerability assessment

Conceptual framework

INDICATOR ‘WISH LIST‘

FINAL SET OF VULNERABILITY INDICATORS

Identification of valid indicators

Assessment of multicollinearities

Normalization

Weighted aggregation

VULNERABILITY INDICES

Data pre-processing

Data acquisition

PRELIMINARY INDICATOR SET

Detection & treatment of outliersAnalysis & imputation of missing data

• Systematic review    

of literature

• Expert consultation

• Skewness & kurtosis
• Boxplots

• Correlation coeff.  

• Data transformation

(abs. to relative)
• Etc.

• Linear min-max [0-1]

• Expert weights
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Identifing drivers of risk:
Literature review

Sources: Hagenlocher et al. (2019) – Environmental Research Letters

 Systematic review of 105 peer-reviewed drought risk 
assessments using Web of Science and Scopus

 64 indicators for drought vulnerability were identified  
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 Joint effort with JRC/GDO

 64 indicators were weighted for 
agricultural systems and domestic water 
supply

 Sent to 124 selected experts
(based on publications & expertise)

 63% participated in the survey (incl. 
45 complete & 33 partial responses)

 To inform the global-level vulnerability 
analysis:
 45 indicators for agricultural systems
 35 indicators for water supply

Source: Meza et al. (2019) – JRC Technical Reports Slide 06

Identifing drivers of risk:
Global expert survey



Source: Meza et al. (2020) – NHESS

Vulnerability indicators used in the analysis 
and their related expert-weights*
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Source: Meza et al. (2020) – NHESS

Results:
Drought risk (irrigated systems)
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Meza et al., 2020Source: Meza et al. (2020) – NHESS

Results:
Drought risk (rainfed systems)
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Source: Meza et al. (2020) – NHESS

Results:
Drought risk (rainfed & irrigated systems)
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 Regions with low hazard and exposure of AS to drought  tend to be tropical 
and subarctic regions (e.g. northern parts of LA and Central Africa)

 In general, countries with higher drought risk have a high amount of exposed 
crops (e.g. Zimbabwe)

 High hazard variation due to varying climatic conditions in large countries

 Socio-ecological susceptibility and coping capacity of a country are key in the 
level of drought risk and for resilience-building (e.g. soil degradation, poverty 
levels, total renewable water resources)

 Risk assessments should be impact/sector-specific

Conclusions
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Persisting gaps (selection) & outlook

 Human-environmental interaction is increasingly attributed to the 
occurrence of droughts, but not yet well conceptualized in drought 
vulnerability & risk assessments

 Assessments often use the same set of vulnerability indicators for different 
sectors, context, and scales, neglecting inherent differences

 Lack of data at high spatio-temporal resolution (notably vulnerability & 
impact data)

 Emerging risks, systemic risk (cascading effects) & globally networked risks

 Few drought risk assessments conduct any form of validation

 ‘Science to action’ (e.g. entry points for risk reduction, risk transfer or 
adaptation)
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“The coming years will be a vital period to
save the planet and to achieve sustainable, 
inclusive human development“

Antonio Guterres
Secretary-General, United Nations

Thank you!

Email:
hagenlocher@ehs.unu.edu

meza@ehs.unu.edu
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