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Risk of Drought Impacts for Agriculture (RDrl-Agri)

This Factsheet provides a detailed technical description oRikk of Drought Impacts fégriculture
(RDriAgri) indicator, which is implemented inthe Global Drought Observatory(GDO) of the

GopernicusBmergencyManagement Srvice and which isused fordetecting and monitoringhe

likelihood of drought impactgjlobally Thethree determinantsor “dimensions that make up the
drought risk (i.eHazard, Exposure andulnerability) as wellag h e i n temmoraltandrspatal
scalesand geographic coveragare summarized beloviexamplesof the RDriAgriindicatorareshown

in Figures 1 and3.
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Figure 1: Example of the continuously updated Risk of Drought Impacts for Agriculture (RDrl-Agri)
indicator, implemented in GDO, highlighting the areas with higher likelihood of impacts in late 2020.
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TheRisk of Drought Impactsr Agriculture(RDrI-Agri) indicatorthat is implemented in th&lobal
Drought Observatory (@O of the Gopernicus Emergency Management&ervice, is usedfor

determining thearea more likely to be affected by droughishe RDrRAgriindicatoris computed
as the combination ahe dynamic layers of drought hazhrexposure and vulnerabilitidigher risk
meansthat the areas affectedvill be the most likelyto report impacts due to droughts.

2. What the indicator shows

In line with the terminology of the UN Officerf®isaster Risk Reduction (UNDRR, 2019), dro
risk may be defined as the probability of harmful consequences or likelihood of losses resultin
the interactions between three independent determinants: drought hazard (i.e. the possible f
occurrence of drought events of a certain severity), drought exposure (i.e. the total populatig
livelihoods and assets in drougptone areas), and drought vulnerability (i.e. the propensity
exposed elements to suffer adverse effects when impacted bypagit event).

I n this context, t he “ Ri sk o fAgripindicatay hwlhich I
implemented operationally within GDO, models global drought risk based on a conceptual p
relationship, as follows:

RISK = HAZARD X EXPESURJLNERABILITY

While drought has impacts in various seeimnomic sectors (e.g. public water supply, agriculty
energy production, and waterborne transport) GDO provides an assessment of global droug
with emphasis on impacts on tlagriculture sector. Moreover, in order to provide decisimakers
and stakeholders with an effective, standardized and systematic means for assessing (
impacts within political jurisdictions, as well as to foster better coordination and collabor
within and between different governance levels, global drought risk is computed in GDO at th
national administrative level.

3. How the indicator is calculated

The following suisections describe how the three determinants of drought risk @&zard

exposureandvulnerability), which are used to compute the R&jri indicator, are derived. Sing
the scores of regional droughisk range from O (i.e. lowest risk) to 1 (i.e. highest risk), the tk
determinants of drought risk must also be normalized to a range from O to 1, represe
respectively the lowest and highest hazard, exposure and vulnerability conditions,
normalization method, whiclconsidersthe maximum and minimum values of each determin
across all available sutational administrative regions, is also described below.

i) Computation of drought hazard:

For the purposes of computing the Ridgri indicatorglobal drought hazard is derived in the sal
way as for the Combined Drought Indicator (CDI) which is produced in EDO, by integrat
following three main drought indicators, which are implemented operationally within GDO:
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I Standardized Precipitatiomdex (SPI): The SPI indicator measures precipitation anomal
a given location, based on a comparison of observed total precipitation amounts f
accumulation period of interest (e.g. 1, 3, 12, 48 months), with the-temg historic rainfall
record for that period (McKee et al., 1993; Edwards and McKee, 1997).

1 Soil Moisture Anomaly (SMA): The SMA indicator is derived from anomalies of estimate
soil moisture (or soil water) conterr e pr esent ed as -sihuchis praduceg
byt h e J-RoGse BISFLOOD hydrological model (de Roo et al. 2000), and which ha
shown to be effective for drought detection purposes (Laguardia and Niemeyer, 2008).

1 FAPAR Anomaly: The FAPAR Anomaly indicator is computed as deviations of theidat
variable Fraction of Absorbed Photosynthetically Active Radiation (FAPAR), compositeg
day intervals, from longerm mean values. Satellit@measured FAPAR represents the fract
of incident solar radiatiombsorbed by land vegetationf photosynthesis, and is effective f
detecting and assessing drought impacts on vegetation canopies (Gobron et al., 2005).

i) Computation of drought exposure:

The four indicators that are used to derive global drought exposure, which is used i
computation of GDO’s Ri sk of -Agn) idicatbrtarellisied 8
Table 1. These data represent a comprehensive approach to drought exposure, with emph
characterizing agricultural activities, which takes into accotrtdpatial distribution of differen
types of physical assets (or proxy indicators) that are on the ground.

Table 1The four indicators used to derive drought exposure, and corresponding data sourg

INDICATORS DATA SOURCE
Population Landscan
Globalagricultural lands SEDAC
Gridded livestock of the worlc FAO
Baseline water stress Aqueduct Water Risk Atla

In order to construct a composite indicator that quantifies the relative exposure of a regi
drought, based on a mufdimensional set oindicators, the linear optimization method known

Data Envel opment Analysis (DEA) is wused.-
compensatory”, in the sense that a super
inferiorit y i n another indicator’s values. Thus;g

least one type of asset is abundant there. For example, an agricultural region that is com
covered by raiffed crops is considered fully exposed to droyghdependently of the presence ¢
other elements at risk.

The DEA method, as described in OECD and JRC (2008), involves constructiorcalfed
“performance f r ondmemsioral framewonkimade uphoétherbask indicatg
which isthen used as a benchmark to measure the relative performance of regions. For any
region, a “performance indicator” i s co0mg

The cacept is illustrated in Figure, Zor the simple case of four regions fa,c, d) and two bas
indicators(i.e. the two axes). In Figure, 2he regions a, b, ¢, and d are ranked according to t
indicator scores. The line connecting regions a, b and c constitutes the performance frontier,
serves as the benchmark for tieg d which lies beyond the frontier. The regions making up
frontier are classified as the “best per
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region d is the “worst performing” (in ce
indicator for region d is computed as the ratio of the distance between the origin and the r
(i.e. between 0 and d) and the distance between the origin and the projected region in the fr

(i . e. bet ween 0 and d’ ) twillRave a perfosnantenssore ofel xaj
regions least exposed to drought will have a performance score of less tiRnedise details of
how the DEA model is applied to derive gl

RDrtAgri indicatorare provided by Carréo et al. (2016).

Indicator 2
0 Indicator 1
Figure2 Computation of the benchmark or “ pgé

Analysis (DEA), illustrated for the simple case of four regions (a, b, ¢, d) and two base indical
two axes). From: ECD and JRC (2008). Source: Rearranged from Mahlberg and Obersteiner

iii) Computation of drought vulnerability:

The indicators that are used to represent the social, economic, and infrastructural factors of
drought vulnerability, forthepuposes of computing GDO’' s Ri
(RDrAgri), are listed in Table 2. Drought vulnerability is computed in two steps. Firstly, foi
region, the indicators for each of the three vulnerability factors (social, econorfriastructural),
are combined separately using a Data Envelopment Analysis (DEA) model, as described e
drought exposure. Secondly, the social, economic and infrastructural vulnerability indi
resulting from the independent DEA analyses, atithmaetically combined (by averaging) into
composite indicator of drought vulnerability.

iv) Normalization of values of drought hazard, exposure and vulnerability:

Following the removal (masking) from the drought risk analysis ofnatibnal administative
regions according to specific criterige. regions not covered by geographic layers of exposure
vulnerability, regions entirely covered by water bodies, and arid and cold regions (whet
concept of drought is meaningless}he raw valuesof the drought exposure and vulnerabili
indicators have been normalized, by taking into account the maximum and minimum value g
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indicator across all regions, in order to guarantee that input model values have an identical
between 0 and 1 (OBECand JRC, 2008).

Table 2: List of indicators used to derive global drought vulnerability, and correspondin
vulnerability factors and data sources. (Adapted from Carrdo et al., 2016).

FACTORS INDICATORS DATA SOURCES
Social Rural population (% opopulation) World Bank
Refugee population (% of population) World Bank
Improved water source (% of rural population with access) World Bank
Life expectancy at birth (years) World Bank
Population ages 1%4 (% of population) World Bank
Literacyrate (% of people ages 15 and above) World Bank
Government Effectiveness WGI
Disaster Prevention &Preparedness (US$/Year/capita) OECD
Economic Agriculture (% of GDP) World Bank
Poverty headcount ratio at $1.25 a day, purchasing power World Bank
parity (% of population)
GDP per capita (current US$) World Bank
Energy Consumption per Capita (Million Btu per Person) U.S. EIA
Infrastructural | Agricultural irrigated land (% of agricultural land) FAO
% of retained renewable water Aqueduct Water Risk
Atlas
Road density (km of road per 100 sq km of land area) gROADSvV1

4. How to use the indicator

The GDO MapVieavenables thevisualization othe latestavailablemap of theRDrtAgriindicator,
as well as the past archiysee Figur®). Thesemapsprovide information on the spatial distributio
of the risk of drought impactglobally and theirevolutionovertime.

Themaps ofthe RDrtAgriindicator canbe used as proxyfor the presence opotential impacts
due to ongoing droughtDue to the complexity of drought propagation through the hydrolog
cycle andlifferent socieeconomicsectors as well as cascading effediseseimpactsmaywell be
observedmuch latet
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Figure 3: Results of the Risk of Drought Impacts for Agriculture (RDri-Agri) for September 2019,
produced by the processing chain in the Global Drought Observatory (GDO) of the Copernicus
Emergency Management Service. The percentage of the countries’ total exposed population can
be seen in the bar-graphs in the right-hand panel.
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5. Strengths and weaknesses of the indicator

A
A

A

Strengths:

Weaknesses:

A Theproposed model of drought risk is relative to the samplénpfit geographiaegions and

As the R-Agriindicatoris a relative measuref risk it allows for a dynamic comparison
risk hotspots in different regionsf the world

The methodologyfor computing theRD¥I-Agri indicatorbuildsa bridge between physical an
social sciences tailored molicymakers where all dimensions of drought risk are considerg
Monitoring risk across regions can identifypseareas where actionsay beneeded to reduce
potential impactsas well aghe leverage pointgor reducingthe impacts from drought

depends on the joint statistical distribution of the respective indicators of hazard, expe
and vulnerability. Therefore, the proposed scale of risk is not a meaxfuabsolute losses @
actual damage to human health or the environment, litmore suitable for ranking anc
comparison othe input geographic regions.
The proposed approach is fully datiriven, andfinal results can be biased lycertainties of
the input indicators and propagation errors from their combination and aggregation.
Most of the vulnerability indicators are only ahe country level, and variations within th
country may not be identified.
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