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Foreword

Societies, ecosystems and economies all over
the world are suffering from the negative impacts
of drought. The UN Global Assessment Report on
Disaster Risk Reduction GAR Special Report on
Drought 20217 estimates that, from 1998 to 2017,
droughts affected at least 1.5 billion people and led to
economic losses of USD 124 billion worldwide. While
no country is immune, the impacts of drought hit the
poorest countries and the most vulnerable people
the hardest.

As global average temperatures rise towards 2°C
warmer than pre-industrial levels, drought impacts
are predicted to worsen in many regions, particularly
under business-as-usual scenarios. More than 2 billion
people are projected to be exposed to more frequent
and severer droughts by 2100, as further highlighted
inthe GAR Special Report on Drought 2021.

A paradigm shift is urgently needed. We must move
away from a reactive and crisis-based approach to a
proactive and risk-management approach. Dealing
with negative drought impacts, such as forced
migration or civil unrest, is far costlier than getting
ahead of the curve to reduce future risk and increase
resilience to the changing drought hazard.

Parties to the United Nations Convention to Combat
Desertification (UNCCD) have long recognized the
need to address drought as a global problem that
can accelerate desertification and land degradation,
compromising ecosystem health and people’s
livelihoods, and catalysing social instability. In 2017,
Parties to the UNCCD made the mitigation of drought
one their five strategic objectives under the 2018-2030
Strategic Framework, following a drought described
as the worst humanitarian crisis since the Second
World War. About 20 million people across Africa and
the Middle East were on the brink of starvation (UN-
OCHA). Two years later, the Parties adopted a global
monitoring framework and requested the secretariat,
in cooperation with relevant specialized institutions,
to develop harmonized methodological guidance for
national reporting.

This Good Practice Guidance was prepared to support
Parties to report on the progress made towards
Strategic Objective 3, which has the aim of mitigating,

adapting to, and managing the effects of drought in
order to enhance resilience of vulnerable populations
and ecosystems. The Guidance informs the work of
Parties, particularly for global level reporting of the
hazard posed by drought, the population exposed
to drought and the vulnerability of those exposed to
harm. These are the three fundamental components
of drought risk, and each is represented by an indicator
identified in the monitoring framework.

This Guidance balances state-of-the-art methodolo-
gies and data availability with the need for relative
simplicity and global applicability. It is consistent
with international standards and relevant resolutions
of the World Meteorological Organization. However,
no two droughts are the same; as such no unique
formula exists to monitor and manage all of them.
Through this Guidance, the UNCCD aims to improve
collaboration among global drought monitoring
efforts within all relevant intergovernmental
mechanisms, without replacing the approaches and
level of granularity needed to monitor drought at the
national and local levels.

Recognizing that national circumstances vary, the
monitoring approaches documented in this Guidance
can be customized in response to data availability
and monitoring capacity. Country Parties can start
tracking their progress towards Strategic Objective
3 right away, while emerging scientific developments
globally open the doors to further refinement of
drought risk monitoring and reporting approaches
into the future.

The time is now for the global community to come
together and harmoniously address the issue of

drought.
J,’//

Ibrahim Thiaw

Executive Secretary

United Nations Convention
to Combat Desertification
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Executive Summary

This Good Practice Guidance (GPG) document
provides guidance on how to calculate three
indicators used for reporting progress towards the
United Nations Convention to Combat Desertification
(UNCCD) Strategic Objective 3 (SO3) “To mitigate,
adapt to, and manage the effects of drought in order
to enhance resilience of vulnerable populations
and ecosystems”.

The three SO3 indicators describe the three
components of drought risk according to the IPCC
framework (hazard, exposure and vulnerability) and
are as follows:

* Level 1: Trends in the proportion of land under
drought over the total land area,

* Level 2: Trends in the proportion of the total
population exposed to drought, and

* Level 3: Trends in the degree of drought
vulnerability.

Methods to calculate each indicator are presented,
including how to calculate the indicators over the
baseline period 2000-2015 and when Parties may
need to recalculate the indicators as a result of
new data and/or methods becoming available.
Global default datasets are presented in addition
to guidance on the interpretation of the indicator
values, the limitations of current recommendations,
and opportunities to improve the indicators and
their sensitivity for monitoring progress towards
SO3in the future.

The methods and datasets recommended in the
GPG for SO3 monitoring are based on Decision
11/COP.14 and its Annex, document ICCD/COP(14)/
CST/7, guidelines of the World Meteorological

Organization (WMO), and where possible,
datasets used for other reporting activities,
such as for the Sustainable Development Goals
(SDGs) and UNCCD Strategic Objective 2. The
supporting datasets and metrics recommended
in this GPG have been selected on the basis of
having global coverage and being readily available.
This GPG recognizes that Parties may have their
own datasets and metrics that they may use to
derive the indicators needed for SO3 monitoring.
Therefore, it provides guidance on when it may be
more appropriate to use such datasets instead
of the recommended globally available datasets.

The Level 1 Indicator describes the occurrence
of drought hazard over time as a percentage of
the total land area. It is recommended that the
Level 1 Indicator is derived using the Standardized
Precipitation Index (SPI) following WMO guidance
for meteorological drought monitoring (Hayes et
al. 2011). Methods and tools are recommended
to calculate the SPI using freely available global
datasets - the selection of which depends on
data availability, reliability and the location of the
reporting Party. The trends in the occurrence of
drought is reported according to the proportion
of land in four drought intensity classes, mild,
moderate, severe and extreme drought, which
are based on the SPI values for a 12-month
accumulation period. The Level 1 Indicator
should be used as a record of the drought hazard
during the reporting period, the intensity of which
is indicated by the drought intensity classes. It
is important to note that drought is a periodic
event, and climate variability means it is possible
drought may or may not have occurred in either the
reporting period, or baseline period.

Good Practice Guidance for National Reporting on UNCCD Strategic Objective 3
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The Level 2 Indicator describes the exposure of
the population to the drought hazard, identified by
the Level 1 Indicator, as a percentage of the total
population. The Level 2 Indicator establishes who
is exposed to drought based on their geographical
location and the level of drought intensity experienced
as defined by the Level 1 Indicator. The Level 2
indicator can be calculated using either in-country
data or freely available global gridded population
datasets. The Level 2 Indicator has the potential
to be further disaggregated by sex, facilitating the
quantification of demographic aspects of drought
exposure. The selection of data is dependent on data
availability, reliability, and the location of the reporting
Party. The outputs produced for the Level 2 Indicator
gives a clear indication of where a population is
most likely to be subjected to the direct effects of
drought, and enables patterns of drought exposure
to be identified from a spatial output. In this way, its
interpretation should allow for a clear assessment of
a population’s exposure to drought within a country.

The Level 3 Indicator describes the degree of
vulnerability of a country’s population to drought,
using the Drought Vulnerability Index (DVI) based
on methods developed by Naumann et al., (2014)
and Carrdo et al,, (2016). The DVI combines a set
of vulnerability factors characterizing the inherent
social, economic and infrastructural components of
drought vulnerability. In order to address variability and
limitations in capacity and data availability, three tiers
of vulnerability assessment (VA) are described that
require increasing numbers of datasets, higher spatial
resolutions and sex-disaggregated data. Globally
available datasets are described for the minimum Tier

Executive Summary

TVAuptothe Tier 3VA; in addition, a global DVI dataset
is described, which can be used when data for a Tier 1
VA assessment is not available. The DVI is calculated
for each country individually, and as such, comparisons
between countries should not be made. A high DVI
value indicates that a population is more vulnerable
to drought, and an increase, a decrease, or no change
will provide the Party with an understanding of how
the vulnerability of their population is changing across
reporting periods.

It is important to note that this first iteration of the
GPG for SO3 monitoring focusses on the exposure
and vulnerability of populations for the Level 2
and 3 Indicators. In accordance with Decision
11/COP.14, it does not cover ecosystem exposure to
drought; the exposure of ecosystems will be included
and addressed in future versions of the GPG as
appropriate, and in accordance with any future COP
decisions. An assessment of ecosystem vulnerability
is also not included in this version of the GPG. It is
important that methods recommended and used for
SO3 monitoring have been applied and validated at the
global scale, however, the methodology presented in
this GPG has only been expanded to include ecological
factors for agricultural systems (Meza et al., 2020).

Appendix A of this GPG outlines how the indicators
described in this document could be developed and
improved in the future to more effectively monitor
progress towards SO3, in particular, the consideration
of ecosystem exposure and vulnerability to drought.
It also discusses the further scientific advancements
required in order to implement such changes.

Good Practice Guidance for National Reporting on UNCCD Strategic Objective 3 v
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DEFINITIONS

This section defines key terms and concepts used
in this Good Practice Guidance (GPG). Where it has
been possible, intergovernmental-agreed standard
definitions have been used throughout, with
appropriate references given.

Adaptive capacity

The “ability of systems, institutions, humans and
other organisms to adjust to potential damage, to
take advantage of opportunities, or to respond to
consequences” (IPCC, 2014c).

Agriculture, value added (% of gross
domestic product)

Where agriculture corresponds to International
Standard Industrial Classifications (ISIC) divisions
1-5 and includes forestry, hunting, and fishing, as well
as cultivation of crops and livestock production.” This
factor refers to the value added for agriculture as a
percentage of the gross value added at factor cost.
It implies a higher coping capacity of populations
(Naumann et al,, 2014).

Aridity

Distinguished from drought as being an enduring
feature of a location/environment. It is a natural
permanent imbalance in the water availability
consisting of low average annual precipitation, with
high spatial and temporal variability, resulting in
overall low moisture and low carrying capacity of the
ecosystems (Pereira et al., 2002).

Baseline period

The baseline period is 2000-2015 in line with the
reporting requirements for all strategic objectives
included in the UNCCD 2018-2030 Strategic
Framework.? For the Level 1 and Level 2 Indicators
in this GPG, indicators calculated for the baseline
period are used as context for future reporting
process to assess the status of drought hazard and
exposure over time. For the Level 3 Indicator, the

Drought Vulnerability Index (DVI) values calculated
for the baseline period should be compared to DVI
values from each reporting period to assess trends
in drought vulnerability over time. This is assuming
that the DVI has been calculated consistently with
no changes to the input datasets or methodology
between the baseline and reporting periods. In this
GPG, the baseline period is split into four year intervals
for the purposes of reporting and summarizing the
three indicators.

Capacity to cope or coping capacity

The “ability of people, institutions, organizations,
and systems, using available skills, values, beliefs,
resources, and opportunities, to address, manage, and
overcome adverse conditions in the short to medium
term” (IPCC, 2014c).

Cultivated area equipped for irrigation
(per cent)

The cultivated land that is equipped for irrigation,
expressed as a percentage of the total cultivated
land. This factor is not valid for the few countries that
irrigate pastures. It is calculated by dividing the area
equipped for irrigation (which is the area equipped
to provide water via irrigation to crops, including full/
partial controlled irrigation, equipped lowland areas and
areas equipped for spate irrigation®) by the cultivated
area.* This refers to the physical area actually cultivated
and does not include land which is temporarily fallow.
This factor gives an indication of the short-term coping
capacity of the agriculture sector to drought. However, it
does not consider if this equipment is in working order,
if land is being irrigated or if there is long-term planning
on the use of the water resources for irrigation to ensure
long-term adaptive capacity.

Degree of drought vulnerability

In this GPG, the assessment of a country’s vulnerability
to drought as represented by the Drought Vulnerability
Index (DVI).

A w N =

http://www.fao.org/faoterm/en/?defaultCollld=7 [Collection: Organic agriculture, Entry: 99393]
https://www.unccd.int/sites/default/files/sessions/documents/2017-11/cop21add1_eng.pdf
http://www.fao.org/faoterm/en/?defaultCollid=7 [Collection: Water, Entry: 100468]
http://www.fao.org/faoterm/en/?defaultCollid=7 [Collection: FAOTERM, Entry: 22510]
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drought that may
occur as a result,
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meteorological
drought
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Beyond the simple conceptual definition of drought
as a departure from ‘normal’ conditions, drought
definition is a complex and contentious area. A
commonly agreed upon ‘universal’ definition for drought
does not exist and, to a large extent, is fundamentally
impractical (Lloyd-Hughes, 2014) due to the complexity
of deficits propagating through the hydrological cycle,
resulting in impacts on soil moisture, groundwater

levels, river flows, water supplies, ecosystems, and the
society and economy (see figure of Sequence of drought
occurrence and impacts for commonly accepted
drought types below).

All droughts originate from a deficiency of precipitation
or meteorological drought but other types of drought and
impacts cascade from this deficiency.®

Sequence of drought occurrence and impacts for commonly accepted drought types

Natural climate

variability

. L 4 R
Eree e T High temperature, high winds,
pita eticiency low relative humidity, greater
(amount, intensity, timing) sunshine, less cloud cover ©
’ (3}
| | b4 %
Reduced infiltration, runoff, Increased e . 2 g
X vaporation and o2
deep percolation, and transpiration 25
groundwater recharge (7]
I =
)
Soil water
deficiency

Time (duration)

Agricultural
drought
Ecological
drought

Plant water stress,
reduced biomass and yield

Reduced streamflow, inflow to
reservoirs, lakes and ponds;
reduced wetlands, wildlife habitat

+

drought

Hydrological

Socio-Economic
drought

(

Social
impacts

Economic
impacts

Environmental
impacts

Source: Adapted from the National Drought Mitigation Center (NDMC)

5

https://drought.unl.edu/Education/Droughtin-depth/TypesofDrought.aspx
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Definitions

To this end, various ‘types’ of drought have been
recognized, typically distinguishing between
meteorological, hydrological, agricultural and
socioeconomic drought (after Wilhite and Glantz,
1985), although further differentiation is often used,
for example, with recognition of ‘ecological drought’.
While widely referred to as ‘types’ of drought, this word
is used for convenience rather than implying these
are distinct and mutually exclusive. Fundamentally,
the types’ are manifestations of one and the same
thing (a meteorological anomaly), but with different
characteristics owing to attenuation or lags as this
anomaly propagates through the hydrological cycle.
Furthermore, these ‘types’ are often defined based on
the sector of the hydrological cycle in which impacts
occur. It follows that it is possible for these different
‘types’ of drought to occur at the same time in a given
location depending on the rate of propagation of the
meteorological deficits.

There is no formal, universally agreed taxonomy of these
‘types’ of drought, but some common definitions from
the scientific literature with brief discussions are
provided below.

Meteorological drought — the UNCCD definition of
drought, given above, is a general one, but this definition
primarily describes meteorological drought, that is,
a “precipitation deficiency, possibly combined with
increased potential evapotranspiration extending over
a large area and spanning an extensive period of time”
(Van Loon, 2015).

Hydrological drought — a “lack of water in the
hydrological system, manifesting itself in abnormally
low streamflow in rivers and abnormally low levels in
lakes, reservoirs and groundwater” (Tallaksen and Van
Lanen, 2004). Given the lag-times in propagation through
the hydrological cycle, it typically develops more slowly
than meteorological drought — although this depends
very much on the responsiveness of hydrological
systems, which varies significantly depending on the
nature and configuration of surface and groundwater
storage. Within this classification, groundwater drought
is sometimes recognized separately, such that the term
hydrological drought is sometimes used in general
but sometimes more specifically for surface water.
Van Loon (2015) provides a comprehensive introduction
to hydrological drought and highlights how the concept
can be subdivided into many further sub-types according
to dominant hydrological processes, seasonality
(and soon).

Agricultural drought — also known as soil moisture
drought, period of reduced soil moisture that results from
below-average precipitation, less frequent rain events
and/or above-normal evapotranspiration, resulting in

impaired growth and reduced yields (King-Okumu, 2019).
While the term typically refers to reduced soil moisture,
increasing temperatures can directly impact crops
through physiological stress. More generally the term
can also refer to agricultural impacts from drought due
to hydrological deficits (e.g. due to a lack of available
water for irrigation).

Socioeconomic drought — when human activities are
affected by reduced precipitation and related water
availability. Socioeconomic drought associates human
activities with elements of meteorological, agricultural
and hydrological drought, and “occurs when the demand
for an economic good exceeds supply as a result of a
weather-related shortfall in water supply” (King-Okumu,
2019). Within this broad classification, arguably a very
broad range of drought types could in theory be identified,
based on the economic sectors impacted (e.g. see the
discussion of Hannaford et al., 2019).

Ecological drought — prolonged or widespread deficit
in soil moisture or biologically available water. The IPCC
refers to both agricultural and ecological drought as
‘soil moisture drought’ but often these two are treated
as independent types: agricultural drought is thought of
as affecting agroecosystems, while ecological drought
is thought of as affecting other natural or managed
terrestrial and freshwater ecosystems, such as forests
or wetlands, and their flora and fauna. Given this, it
makes sense to refer more generally to ‘soil moisture
drought’ as the physical phenomenon and agricultural
and ecological drought as based primarily on sectoral
impacts. Furthermore, ecological drought goes beyond
terrestrial impacts caused by low soil moisture, as
increased temperatures and reduced water availability
can cause ecosystem degradation and physiological
stress leading to, for example, tree mortality (Breshears
et al., 2013) or fish kills. Ecological, or environmental,
drought has received less treatment in the literature until
relatively recently, although a number of recent papers
have advanced the concept (e.g. Crausbay et al., 2017;
Slette et al,, 2019; Vicente-Serrano et al., 2020).

Further complexity is added by the fact that drought
rarely occurs as a single event but rather is linked with
other hazards, such as heatwaves and wildfires, as well
as previous drought events. Drought definition is also
hampered by the variation in the spatial and temporal
scales over which it occurs. Droughts typically evolve
slowly, and typically last many months to several
years, although extreme ‘megadroughts’ can persist
for decades (e.g. Cook et al,, 2015). In contrast, so-
called ‘flash droughts’ occur over short periods (less
three months), are typically characterized by high
temperatures and result in a rapid depletion of soil
moisture that can lead to major impacts (Otkin et al.,
2018; Pendergrass et al., 2020).

Good Practice Guidance for National Reporting on UNCCD Strategic Objective 3

XV




Table of
CONTENTS

©Unsplash

Drought

A period of dry weather long enough to cause a
serious hydrological imbalance (World Meteorological
Organization, 1992; IPCC, 2012). The UNCCD defines
drought as “the naturally occurring phenomenon
that exists when precipitation has been significantly
below normal recorded levels, causing serious
hydrological imbalances that adversely affect land
resource production systems” (UNCCD Article 1 of
the Convention).®

There are numerous definitions of the term ‘drought’,
but common to all is the fact that drought is a
relative concept, and must be seen as a departure in
precipitation relative to the ‘normal’ conditions for the
time of year, for the location in question (Tallaksen
and Van Lanen, 2004; Mishra and Singh, 2010). Some
common definitions from the scientific literature and
a brief discussion on drought are provided in Box 1.

It is important not to confuse a drought event, which
refers to a given, time-bound event defined relative to
the time/place in question, with the fundamentally
distinct and more permanent concepts of water
scarcity and aridity.

Drought indicator

A variable or parameter used to describe drought
conditions, for example: precipitation, streamflow,
groundwater levels and soil moisture (World
Meteorological Organization and Global Water
Partnership, 2016).

Drought index

Typically, a computed numerical representation of
drought characteristics is assessed using climatic or
hydrometeorological inputs (derived from observed
measurements, remote sensing or modelled data).
Drought indices provide quantitative assessment
of various key characteristics (e.g. the intensity,
location, timing and duration) of drought events.
Thus, drought indices — in combination with additional
information on exposed assets and their vulnerability
characteristics — are essential for tracking and
anticipating drought-related impacts and outcomes
(World Meteorological Organization and Global Water
Partnership, 2016). It should be noted that drought
indices are inherently also drought indicators as they
describe drought conditions, and in many cases are
used interchangeably. Given the challenges of drought
definition described above, it is no surprise that there
has been a proliferation of different approaches to
quantify the drought hazard through the use of various
drought indices. Lloyd-Hughes (2014) identified over
100 different drought hazard indices in the literature,
but the growth of literature in this area since (e.g.
Bachmair et al.,, 2016a) means the number of indices
potentially available for application is likely to be many
more. This GPG utilizes the globally accepted drought
index, the Standardized Precipitation Index (SPI) in
order to derive the Level 1 Indicator.

6
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Drought intensity class

Class of drought intensity as described by a drought
index. In this GPG, drought intensity class refers to
classes of Standardized Precipitation Index (SP!I)
values by drought intensity: mild drought (-1 to 0),
moderate drought (-1.5 to -1), severe drought (-2
to-1.5) and extreme drought (less than -2). As the
intensity classes become increasingly extreme, the
likelihood of those values occurring (and the time
spent in that category) decreases. The SPI and
intensity classes are described furtherin Sections 1.1,
1.2and 1.4.

Drought Vulnerability Index (DVI)

A composite index of drought vulnerability. It is
comprised of three components: social, economic and
infrastructural, which are each linked to vulnerability.
For the purposes of this GPG, each component can
also be an arithmetically derived number consisting
of social, economic and infrastructure factors, which
are observable or measured variables available as
global and/or national datasets.

Economic vulnerability factors

The observable/measured variables available
as global and/or country-level and sub-national
datasets, which are being recommended in this GPG
for use in constructing the economic component
of the Drought Vulnerability Index (DVI). These
factors have been used in the scientific literature
and recommended by experts to define economic
vulnerability to drought.

Energy consumption per capita

Use of primary energy on a per capita basis, where
primary energy refers to energy before transformation
to other end-use fuels. This includes indigenous
production plus imports and stock changes, minus
exports and fuels supplied to ships and aircraft
engaged in international transport.” Though it does
reflect climatic, geographic and economic factors,
such as the relative price of energy, it is a measure
of economic activity, with high-income economies
consuming five times as much energy on a per capita
basis than low- and middle-income economies. This

Definitions

factor implies that a growing economy would be more
able to implement short-term coping and long-term
adaptation strategies.

Exposure

Characterizes the presence of people, society,
livelihoods, ecosystem, environment, resources,
infrastructure, economic or cultural assets that could
be adversely affected by hazards (IPCC, 2014b). Inthe
context of a spatially and temporally varying hazard,
exposure can be seen as the extent to which a unit of
assessment falls within the geographical range of a
hazard event (Birkmann et al., 2013). Knowing how
many people are exposed to drought is an important
first step in identifying those that have the potential to
be impacted by the hazard (Pricope et al., 2020). In the
GPG, we define exposure (and measured by the Level
2 Indicator) in terms of the number of people who are
exposed to drought using the Level 1 Indicator data.

GDP per capita (constant 2010 US dollars)

The gross domestic product (GDP) divided by mid-
year population. GDP is the sum of gross value added
by all resident producers in the economy plus any
product taxes and minus any subsidies not included
in the value of the products. It is calculated without
making deductions for depreciation of fabricated
assets or for depletion and degradation of natural
resources. Data are in constant 2010 US dollars.?
This is a proxy for the average standard of living of
residents in a country or area.

Gender

Refers to the social attributes and opportunities
associated with being male and female, and the
relationships between women and men, and girls and
boys, as well as the relations between women and
those between men. These attributes, opportunities
and relationships are socially constructed and are
learned through socialization processes. They are
context/time specific and changeable. Gender is part
of the broader sociocultural context. Other important
criteria for sociocultural analysis include class, race,
poverty level, ethnic group and age.’

https://data.worldbank.org/indicator/EG.USE.PCAPKG.OE
8 https:/data.worldbank.org/indicator/NY.GDP.PCAP.KD

°  https://trainingcentre.unwomen.org/mod/glossary/view.php?id=36&mode=letter&hook=G
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Level 1 Indicator

As setout in Decision 11/COP.14, the Level 1 Indicator is “Trends in the proportion of land under drought
over the total land area”. For the purposes of reporting on progress towards Strategic Objective 3 (S03),
the proportion of land under drought is expressed as the proportion of land under four drought intensity
classes: mild drought, moderate drought, severe drought and extreme drought.

The unit of measurement for the Level 1 Indicator is the spatial extent expressed as the proportion
(percentage or %) of the total land area of the country that is under each drought intensity class in each
reporting year. Values should be given to one decimal place.

Level 2 Indicator

As set out in Decision 11/COP14, the Level 2 Indicator is “Trends in the proportion of the population
exposed to drought of the total population”, which is defined by the percentage (%) of the population
exposed to a drought intensity class defined by the Level 1 Indicator for each reporting year. Values
should be given to one decimal place.

Level 3 Indicator

As set out in Decision 11/COP.14, the Level 3 Indicator is “Trends in the degree of drought vulnerability”,
which is the general direction in which the assessment of a country’s vulnerability (as represented by
the Drought Vulnerability Index) is changing over time (or remaining stable in the case of no change)

against the baseline period.

Global Drought Classification System (GDCS)

A drought classification system that is being
developed by World Meteorological Organization
(WMO) as a way to harmonize national drought indices
produced by National Meteorological and Hydrological
Services (NMHS). This system will contribute to the
WMO Global Multi-hazard Alert System (GMAS)
framework, which aims to support the provision and
dissemination of official national weather alerts and
warnings by countries.

Government effectiveness

Captures perceptions of the quality of public services,
the quality of the civil service and the degree of its
independence from political pressures, the quality
of policy formulation and implementation, and the
credibility of the government's commitment to such
policies (Worldwide Governance Indicators, 2015). As
such, itis one of the proxies to assess a country’s ability
to cope with drought events (Naumann et al., 2014).

Hazard

A possible, future occurrence of natural or human-
induced physical event that may have adverse

effects on vulnerable and exposed elements
(Cardona et al,, 2012; IPCC, 2014c). In this case,
hazard refers to a drought event caused by a natural
hydrometeorological deficit (and measured by
the Level 1 Indicator) that has potential to impact
exposed and vulnerable populations and ecosystems.

Infrastructural vulnerability factors

The observable/measured variables available at
global and/or country-and sub-national level datasets,
which are being recommended in this GPG for use in
constructing the infrastructural component of the
Drought Vulnerability Index (DVI). These factors have
been used in scientific literature and recommended
by experts to define infrastructural vulnerability
to drought.

Life expectancy at birth

The number of years a newborn infant would live if
prevailing patterns of mortality at the time of its birth
were to stay the same throughout its life.”® This is an
indication of the health status of a country, where a
healthier population would be inherently more resilient
to drought impacts.

10" https://data.worldbank.org/indicator/SP.DYN.LEQO.IN
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Literacy rate (per cent of people aged 15
years and above)

The percentage of people aged 15 years and above
that can both read and write, with understanding,
a short simple statement about their everyday life.
The literacy rate is described as an outcome indicator
to evaluate educational attainment, although does
not necessarily measure the quality of education.
It can predict the quality of the labour force and
can be used as a proxy instrument to measure the
effectiveness of education systems. The accumulated
achievement of education is fundamental for
further intellectual growth and social and economic
development. A high rate of female literacy implies
that women can seek and use information for the
betterment of the health, nutrition and education of
their household members and are empowered to play
ameaningful role."" A populace with a high literacy rate
would be better equipped to both cope with drought
and implement drought mitigation and adaptation
strategies.

Population

The total population inhabiting the given land unit.
For the purposes of the Level 2 Indicator, ‘population’
refers to the absolute count of people per grid cell and
the 'total population’ refers to the summed count of
people for the whole country. For the Level 3 Indicator,
‘population’ refers to the total population of the
country, and the total (male or female) population of
the sub national spatial unit being used, depending on
the proposed Tier of Vulnerability Assessment used.

Population aged 15-64 years (per cent of
total population)

The total population between the ages 15 to 64
as a percentage of the total population and is an
indication of the impacts different age groups have
on the environment and on infrastructure, helping in
the analysis of resource use and formulation of future
policy and planning goals with regard to infrastructure
and development.'?

Definitions

Population below the international poverty
line (per cent)

The percentage of the population living on less than
$1.90 aday at 2011 purchasing power.'® People living
in poverty are more likely to live in areas and under
conditions that increase their exposure and make
them more susceptible to suffering from the impact
of natural hazards, while decreasing their coping
and adaptation capacities (Hagenlocher et al., 2019;
supplementary information 3).

Precipitation

The liquid or solid product of the condensation or
sublimation of water vapour falling from clouds
or deposited from air on to the ground (World
Meteorological Organization and UNESCO, 1998).

Population using safely managed drinking
water services (per cent)

Proportion of population that is using an improved
drinking water source that is located on the premises,
available when needed, and free from faecal and
priority chemical contamination. Improved drinking
water sources include piped water, boreholes or
tubewells, protected dug wells, protected springs,
rainwater, and packaged or delivered water.”* The
higher the proportion of the population with access
to safe drinking water, the better the living conditions
of these populations and hence, the better equipped
they are to cope with drought.

Reference period

The standard climate normal period used to
standardize precipitation data to derive the
Standardized Precipitation Index (SP!). Current WMO
guidelines define 1981-2010 as the standard climate
normal period (World Meteorological Organization,
2017), however, it should be noted, this may change
in future reporting processes as more data are made
available.

https://data.worldbank.org/indicator/SE.ADT.LITR.ZS
https://data.worldbank.org/indicator/SP.POP.1564.T0.ZS
As a result of revisions in purchasing power parity (PPP) exchange rates, poverty rates for individual countries cannot be compared with poverty rates reported in

earlier editions.

https://www.sdgémonitoring.org/indicator-611/
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Refugee population by country or territory of
asylum

The population of people recognized as refugees
under the following criteria: the 1951 Convention
Relating to the Status of Refugees or its 1967 Protocol;
the 1969 Organization of African Unity Convention
Governing the Specific Aspects of Refugee Problems
in Africa; in accordance with the UNHCR statute; and
those granted refugee-like humanitarian status or
people provided temporary protection.’ Country of
asylum is the country where an asylum claim was
filed and granted. Refugee populations are more likely
to be exposed to natural hazards (living in make-
shift dwellings, etc.) and less capable of coping with
disasters (Naumann et al,, 2014).

Reporting process

As set in Decision 15/COP.13, this is the four-year
frequency for UNCCD reporting. The first reporting
process for SO3 monitoring is planned to startin 2021,
for the reporting period 2016-2019. Parties will then
report Level 1, Level 2 and/or Level 3 Indicators to
UNCCD every four years.

Reporting period

The four-year time period over which the three SO3
Indicators are quantified in each reporting process. The
Level 3 Indicator is calculated for each reporting period,
whilst the Level 1 and Level 2 Indicators are calculated
for each reporting year within the reporting period.

Reporting year

Each reporting period is comprised of four reporting
years. Inthe case of the Level 1 and Level 2 Indicators,
indicators are calculated for each reporting year.

Resilience

The ability of a social or ecological system to
absorb disturbances while retaining the same basic
structure and ways of functioning, the capacity for
self-organization and the capacity to adapt to stress
and change (Lavell et al., 2012).

Rural population (per cent)

The percentage of the total population that live in
rural areas, which is calculated by subtracting the
urban population from the total population.’® Rural
populations may have greater income inequities,

and livelihoods that are more dependent on natural
resources, for example, which may make them
disproportionately vulnerable to drought.

Sex

The physical and biological characteristics that
distinguish males and females; sex-disaggregated
datais data that is cross-classified by sex, presenting
information separately for men and women, and boys
and girls.”

Social vulnerability factors

The observable/measured variables, available as
global and/or country and sub-national datasets,
which are being proposed in this GPG for use in the
construction of the social component of the Drought
Vulnerability Index (DVI). These factors have been
used in scientific literature and recommended by
experts to define social vulnerability to drought.

Standardized Precipitation Index (SPI)

A droughtindex widely used to monitor meteorological
droughts. It was developed by McKee et al. (1993)
and is based on long-term precipitation data which
is fitted to a probability distribution function and
then transformed to the normal distribution so that
an SPI of zero describes the normal precipitation for
the given location, month and accumulation period
(World Meteorological Organization, 2012). Deviations
from this (positive and negative) are then expressed
in terms of standard deviations. More extreme values
indicate that these deviations are more severe but also
less likely to occur. The SPIis recommended by WMO
for monitoring meteorological droughts because it is
relatively simple to calculate using only one drought
indicator input, it can be compared over both time
and space and can be calculated for different user-
defined accumulation periods (Hayes et al., 2011). It
is important to note that there are limitations to the
application of the SPI, particularly in arid climates (e.qg.
Wu et al,, 2007) — these limitations are discussed in
more detail in Section 1.5.

The SPI is calculated by aggregating (i.e. summing)
monthly precipitation data over a given accumulation
period. This could be 1-24 months, for example, in
line with a great majority of applications of the
SPI, although the index has been calculated at the
daily and weekly time step for operational drought

5 https://data.worldbank.org/indicator/SM.POPREFG
15 http://www.fao.org/faoterm/en/?defaultCollld=7 [Collection: FAOTERM, Entry: 56112]
7 https://trainingcentre.unwomen.org/mod/glossary/view.php?id=36&mode=letter&hook=3
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monitoring purposes, and accumulations longer
than 24 months are also used in practice. Here we
recommend using 12 months to provide an indication
of annual precipitation deficits for each spatial entity
individually (e.g. grid cell or a rain gauge), yielding
a monthly time series of 12-month precipitation
accumulations. This is then transformed to the
standard normal distribution so that the SPI has a
standard deviation of one and a mean of zero (McKee,
Doesken and Kleist, 1993). An SPI value is calculated
for each calendar month, for each grid cell and each
accumulation period. More information on the SPI and
SPI accumulation periods can be found in the WMO
SPI User Guide (World Meteorological Organization,
2012). Inthis GPG, accumulation periods are denoted
as SPI-x; for example, SPI-12 corresponds to a 12
month precipitation accumulation period.

Susceptibility

The likelihood of damage in an extreme natural event;
it describes the structural conditions of ecosystems
and society (Meza et al,, 2019).

Tier of Vulnerability Assessment
(Tier of VA)

A representation of a level of methodological
complexity in calculating the Drought Vulnerability
Index (DVI). It is being used in a similar way as was
defined in the 2006 IPCC Guidelines for National
Greenhouse Gas Inventories (IPCC, 2006) and
approved through Decision 20/CP7.

Total land area

The total surface area of a country excluding the area
covered by permanent inland waters, such as major
rivers and lakes.

Total renewable water resources per capita

The total annual actual renewable water resources
per inhabitant,'® including surface and groundwater
sources'® for the whole country. This variable does
not take into account whether the water is easily
accessible, or safe, but is indicative of how much
water each personin a country could have access to at
any given time, which may indicate a higher adaptive
capacity to drought.

Definitions

Vulnerability

As defined in ICCD/COP(14)/CST/7 and sourced from
the 2016 Report of the Open-ended Intergovernmental
Expert Working Group on Indicators and Terminology
Related to Disaster Risk Reduction (A/71/644),%°
vulnerability refers to “conditions determined by
physical, social, economic and environmental factors
or processes, which increase the susceptibility of
an individual, a community, assets or systems to
the impacts of hazards, such as drought.” Hence,
vulnerability is an inherent property of a system
that exists independently of the external hazard
(Vogt et al,, 2018), i.e. the same level of hazard may
impose different consequences in different systems
(communities, individuals, countries, regions) due to
the distinct underlying vulnerabilities of the systems.
In turn, vulnerability to the hazard and its impacts can
be altered by the actions of society, such as land and
water management practices, among others (King-
Okumu et al., 2020).

Here we consider three components of vulnerability,
in line with the framework proposed by the UNISDR
(2004):

+ Social vulnerability, which is linked to the level of
well-being of individuals, communities and society;

- Economic vulnerability, which is highly dependent
upon the economic status of individuals,
communities and nations; and

- Infrastructural vulnerability, which comprises
the basic infrastructures needed to support
the production of goods and sustainability of
livelihoods.

Water scarcity

A long-term imbalance between the supply and
demand of freshwater in a specified domain (country,
region, catchment or river basin, etc.) as a result of
the high rate of demand compared with available
supply, under prevailing institutional arrangements
(including price) and infrastructural conditions (FAQ,
2012; Reichhuber et al., 2019). A region experiencing
water scarcity will be more vulnerable to drought than
other areas.

'8 http://www.fao.org/faoterm/en/?defaultCollld=7 [Collection: Water, Entry: 100429]
19 http://www.fao.org/faoterm/en/?defaultCollid=7 [Collection: Water, Entry: 100427]
20 https://www.preventionweb.net/files/50683_oiewgreportenglish.pdf

Good Practice Guidance for National Reporting on UNCCD Strategic Objective 3 XXi






Table of
CONTENTS

INTRODUCTION

The thirteenth session of the Conference of the Parties (COP13) of the United Nations Convention
to Combat Desertification (UNCCD) adopted a Strategic Framework for 2018-2030. This was
laid out in Decision 7/COP.13, and includes Strategic Objective 3 (SO3) and two associated

expected impacts, 3.1 and 3.2:*

STRATEGIC OBJECTIVE 3:

To mitigate, adapt to, and manage the effects of drought in order to enhance resilience of

vulnerable populations and ecosystems.

\'g

EXPECTED IMPACT 3.1:
Ecosystems’ vulnerability to drought is reduced,
including through sustainable land and water
management practices.

EXPECTED IMPACT 3.2:
Communities’ resilience to drought
is increased.

Drought is a ubiquitous natural hazard that occurs
in all climate zones, leading to significant economic,
societal and environmental impacts. Globally,
droughts are one of the most costly hazards (e.g. FAQ,
2017; World Meteorological Organization and Global
Water Partnership, 2017). They often cover broad
areas and have long durations, which can result in a
larger proportion of the population being affected than
for other hazards (UNISDR, 2009). Moreover, in many
areas of the world, droughts are likely to become more
severe in the future due to anthropogenic warming
(IPCC, 2012). In addition to anthropogenic warming,
future water scarcity is likely to be exacerbated by
social and demographic changes, leading to growing

demands for water and pressures on the environment
through land degradation and intensifying resource
exploitation (UNESCO, 2019; UNCCD and FAO, 2020).

Drought risk describes how likely a country or region
is to be negatively impacted by drought (IPCC, 2014b).
This can be assessed by means of the combination
of hazard, exposure and vulnerability. Decision
11/COP.14 and its associated document ICCD/
COP(14)/CST/7 outline the decision to characterize
and monitor drought hazard, exposure and
vulnerability. Understanding who and what are at risk
provides critical information to deploy meaningful
mitigation and adaptation strategies (Figure 1).

21" Icons made by Freepik from www.flaticon.com
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Figure 1 IMPACTS
IPCC risk framework

Vulnerabili SOCIOECONOMIC
CLIMATE ulnerability PROCESSES
Natural Socioeconomic
variability pathways
Anthropogenic Adaptation and
climate change mitigation
A actions
Governance
\_ EMISSIONS
AND LAND-USE CHANGE
Source: Adapted from IPCC 2014a
Indicators for SO3 monitoring Risk Reduction (UNDRR) and the World Meteorological

Organization (WMO) and its Global Multi-Hazard Alert
By its Decision 11/COP.14,%> the COP adopted  System (BMAS) framework, and in consultation with
a methodology and a tiered approach for the additional agencies™ and other relevant specialized
establishment of an indicator and monitoring  institutions, to:
framework for SO3. The adopted framework includes
three indicators to report on - drought hazard, * Compile and provide affected country Parties

drought exposure and drought vulnerability of with national estimates of candidate metrics/

affected Parties. This framework is set out in Table proxies associated with the Level 1 and Level 2

1, as given in the Annex to the Decision. A detailed Indicators from global datasets as default data for

description of the adopted indicator and monitoring validation; and

framework, and associated metrics/proxies is

contained in ICCD/COP(14)/CST/7.% + Prepare methodological good practice guidance, and
provide capacity-building and technical assistance

Country Parties to the Convention, in Decision to affected country Parties on the compilation/

11/COP.14, requested the UNCCD Secretariat in validation and use of such default data, as well as

cooperation with the United Nations Office for Disaster approaches to assess drought vulnerability.

22 https://www.unccd.int/sites/default/files/sessions/documents/2019-11/11-cop14.pdf
2 https://www.unccd.int/sites/default/files/sessions/documents/2019-08/ICCD_COP%2814%29_CST_7-1910576E.pdf

24 Including the Food and Agriculture Organization of the United Nations (FAQ), the Global Water Partnership (GWP), the Integrated Drought Management Programme
(IDMP), the Intergovernmental Panel on Climate Change (IPCC), and the United Nations Population Fund (UNFPA).
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Summary of the
indicators and

the basis for the
metrics/proxies
relevant to each

of the three levels
of the proposed
drought indicator
and monitoring
framework as given
in the Annex to
Decision 11/COP.14
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Level Progress indicator Basis for candidate metrics/proxies*

Level 1 - Trends in the proportion of land World Meteorological Organization Global Drought

Simple drought hazard under drought over the total Indicator?® (standardized into classes) monitored

indicator land area and mapped monthly, and aggregated for the United
Nations Convention to Combat Desertification
reporting period.

Level 2 - Trends in the proportion of the Percentage of the population exposed to each drought

Simple drought
exposure indicator

population exposed to drought
of the total population

class defined in Level 1.

Level 3 -
Comprehensive
drought vulnerability
indicator

Trends in the degree of drought
vulnerability

Composite index of relevant economic, social,
physical and environmental factors that contribute to
drought vulnerability.

* The description provided for the candidate metrics/proxies should be considered preliminary as these will evolve through a multilateral
process such as the World Meteorological Organization Global Multi-Hazard Alert System framework. This will help ensure progress towards
the collaborative development of standards in methods and data supported by good practice guidance, as well as national ownership of the

reporting process.

Itis important to note that this Good Practice Guidance is strictly for the intended purpose and does not
attempt to provide or replace any guidance or processes used for official declarations of drought that

may be used by country Parties (e.g. in drought management plans) and it should not be used as such.

Purpose of this Good Practice
Guidance

Starting with the 2022 UNCCD reporting process and
every four years thereafter, country Parties will be
requested to report on the Level 1, Level 2 and Level
3 Indicators, both individually or in combination,
as deemed appropriate according to national and
subnational conditions and circumstances.

This Good Practice Guidance (GPG) provides simple
guidance on preparing and interpreting the three
indicators in Decision 11/COP.14 and its Annex. It
balances the current state of-the-art validated and
scientifically reviewed methodologies and data
availability on the one hand, with the need for relative
simplicity and global applicability on the other.

These three indicators: Level 1 Indicator on drought
hazard, Level 2 Indicator on drought exposure and
Level 3 Indicator on drought vulnerability should be
calculated by Parties for the UNCCD baseline period

of 2000-2015, and in future reporting processes in
line with the reporting requirements for all strategic
objectives included in the 2018-2030 Strategic
Framework. The baseline period provides context for
Parties to understand their drought hazard, exposure
and vulnerability over time for SO3 monitoring. The
periodic nature of drought and natural climate variability
means that it is possible that drought may or may not
have occurred in the relatively short baseline period.
As such, any observed changes or trends in the
proportion of land under drought and the proportion
of the total population exposed to drought over this
short time-frame should be interpreted with caution
for Level 1T and Level 2 Indicators. The baseline for
the Level 3 Indicator can be used to directly compare
drought vulnerability and assess whether vulnerability
is increasing, decreasing or remaining stable over time.
The baseline period is summarized using four-year
intervals, reflecting the four-year reporting periods used
for SO3 monitoring. More information on calculating the
baseline period is discussed for each level of indicator
in the respective methodology sections.

2> Now known as the Global Drought Classification System (GDCS; SERCOM-1(Il)/Doc. 5.1.1).
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This GPG for SO3 is designed to be used by country
Parties and all stakeholders alongside version 2.0
of the Good Practice Guidance for monitoring SDG
15.3.1 (i.e. Strategic Objective 1; Sims et al., 2021).
The methodology is intended to be universal, allowing
Parties to select the most appropriate datasets for
the three indicators, whether these are the default
globally available open source datasets or their
own equivalent national datasets where available.
This GPG is based, to the greatest extent possible,
on internationally established methodology and
standards, and is supported by datasets that are
routinely updated, maintained and available over the
long term. Recognizing that national circumstances
and capacities vary, the GPG has been designed so
that the approaches documented can be customized
in response to data availability and capacity. To achieve
this balance, this GPG provides not only recommended
global datasets and indices, but also guidance on when
it may be more appropriate to supersede these with
alternative in-country datasets and indices.

This GPG provides detailed information on definitions
and concepts, methods of calculation, data sources
and collection, rationale and interpretation and
limitations, and will ultimately provide the basis for the
refinement of national reporting tools (e.g. templates,
manuals, glossaries?® and decision-support tools
such as Trends.Earth?’). This GPG will also be
instrumental for capacity development efforts to
enable countries to monitor and report on SO3.

Overview of approach, processes
and data used within the GPG

This GPG supports reporting on achievement towards
S03 of the 2018-2030 Strategic Framework of the
UNCCD and the progress made towards ecosystems
vulnerability reduction and increased resilience of
communities to drought. Improvement is based on
The guidance contained in ICCD/COP(14)/CST/7
on hazard, exposure and vulnerability indicators
and methods were built upon. As such, methods
have been recommended that would enable country
Parties to report, with currently-available data and
established methodologies, for the 2022 UNCCD
reporting process. However, this GPG acknowledges
that further scientific and data advancements are
likely to be needed to enable all country Parties to
routinely monitor and consistently assess drought
hazard, exposure and vulnerability for the purpose of
achieving SO3 (see Appendix A).

The supporting datasets and metrics recommended
in this GPG have been selected on the basis of
having global coverage and being readily available.
This GPG recognizes that Parties may have their
own datasets and metrics that they may use to
derive the indicators needed for SO3 monitoring.
It provides guidance, therefore, on when it may be
more appropriate to use such datasets instead of the
recommended globally available datasets.

26 https://prais.unccd.int/node/7
27 http://trends.earth/docs/en/
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Box 2

Criteria for
establishing

the indicators

and monitoring
framework for SO3
as contained in
Decision 11/COP.14
and its Annex
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Introduction

(a) Indicator set hierarchy and logic. Following the
UNCCD indicator set hierarchy, which makes it
possible to distinguish what to measure (progress
indicators) and how it should be measured
(candidate metrics/proxies).

|. Strategic objectives
a. Progress indicators
i. Metrics/proxies;

(b) Sensitivity of the indicator to the strategic objective,
which, here, focuses on how drought affects the
resilience of vulnerable populations and ecosystems
to future drought;

(c) Comparability of nationally reported data on
candidate metrics/proxies for the indicator, with
consideration of issues concerning the development
and practical implementation of international
standards in underlying data, methodologies and
guidance;

(d) Readiness of candidate metrics/proxies for the
indicator for operational use, based on the suitability
of the indicator and challenges that may need to be
overcome for its effective use, including:

(i) Global coverage of candidate metrics/proxies
for the indicator to enable the development
of national estimates and provide them to
affected country Parties from global datasets,
as default data; and

(i) Capacity to create ownership at the
national level, whereby countries can follow
standardized guidance to develop indicator
data, empowering them to validate, replace or
reject the default data;

(e) Gender disaggregation potential or the ability for
indicator data to be collected, analysed and reported
upon with respect to gender in order to ensure
assessment of the contributive differences in the
distribution of achievements between women and
men;

(f) Adaptability. It is recommended that both the
Drought Monitoring Framework and the indicator
set be regularly re-evaluated for (i) suitability as
monitoring and evaluation efforts mature; and (ii)
usefulness in decision-making given that needs may
change and scientific tools may improve.

Six criteria for establishing the tiered drought indicator
and monitoring framework for SO3 are set out in the
Annex to Decision 11/COP.14 (see Box 2). Table 2,
taken from ICCD/COP(14)/CST/7, describes the three
SO3 indicators and their ability to meet five of these
six criteria. Note that only five of the six criteria are
used to assess the three SO3 indicators as the first
criteria “Indicator set hierarchy and logic” is set out
in Decision 11/COP.14. Methods, data and indicators
used in this GPG have been recommended in order to
meet these criteria, and the three SO3 indicators have
been assessed in this GPG according to the ranks
described in Figure 2.

This first iteration of the GPG for SO3 monitoring
focuses on the exposure and vulnerability of
populations for the Level 2 and 3 Indicators. It does not
cover ecosystem exposure to drought, in accordance
with Decision 11/COP.14; the exposure of ecosystems
will be included and addressed in future versions of
the GPG as appropriate, and in accordance with any
future COP decisions. An assessment of ecosystem

Good Practice Guidance for National Reporting on UNCCD Strategic Objective 3

vulnerability is also not included in this version of the
GPG. The methodology presented in this GPG has
only been expanded to include ecological factors for
agricultural systems thus far (Meza et al., 2020), and
it is important that methods recommended in this
GPG have been applied and validated at the global
scale. The importance of including an ecosystem
component in order to fulfil the requirements of
the SO3 monitoring framework agreed in Decision
11/COP14 is discussed further in Appendix A.

Although the wording of Decision 11/COP.14, its
Annex and ICCD/COP(14)/CST/7 describe the
need for gender disaggregation in the criteria
for SO3 monitoring (as discussed above), given
the differentiation between sex (the physical and
biological characteristics that distinguish males
and females) and gender (which refers to the social
attributes and opportunities associated with being
male or female), SO3 monitoring in this GPG considers
the criteria of ‘Disaggregation by sex’ instead.
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I
Table 2 Level Description
Tiered approach
taken directly from Level 1 - This would be a commonly calculated and easy-to-use global drought indicator?® for
ICCD/COP(14)/CST/7 Simple drought hazard which data are being regularly produced in most countries, which could be aggregated
for th? esfabl:shment indicator under a common framework consistent with international standards and be supported
ofan lndl.cat.or in terms of data collection, analysis and reporting by an existing multilateral process.
and monitoring Ideally the development of candidate metrics/proxies for this indicator would leverage
framework for ) ongoing collaboration between National Meteorological and Hydrological Services
UNCCD Strategic (NMHSs) to ensure that steps towards standardization are taken multilaterally with full
Objective 3 consideration of national circumstances. Such an indicator would score high in terms
on drought. of ‘Readiness’ and ‘Comparability’, however it would be much less responsive to the
It is anticipated that ‘Sensitivity’ and ‘Gender disaggregation’ criteria.
countries would
pursgg tI;e levillor ’ Level 2 - This indicator would link the Level 1 simple drought hazard indicator with a commonly
c.:omh' "}a fon o ive s Simple drought exposure calculated and easy-to-use proxy for drought exposure, such as the population exposed
In this ramewor indicator to drought. The development of the underlying candidate metrics/proxies could be
most appropriate conducted within the multilateral process identified for Level 1. This would lead to
to national an improvement on the ‘Sensitivity’ score but with limited or no improvement for the
circumstances and ‘Readiness’, ‘Comparability’ and ‘Gender disaggregation’ criteria.
capacities

Level 3 - This indicator would build on Level 1 and Level 2 to more directly and more

Comprehensive drought
vulnerability indicator

comprehensively address the strategic objective, which is to mitigate, adapt to, and
manage the effects of drought in order to enhance resilience of vulnerable populations
and ecosystems. Vulnerability in this context refers to the conditions determined by
physical, social, economic and environmental factors or processes which increase

the susceptibility of an individual, a community, assets or systems to the impacts of
hazards, such as drought. The assessment of drought vulnerability is essential for

the identification of the underlying causes of drought impacts, which is essential to
developing appropriate policy responses. However, there is no single metric or proxy
that can adequately represent the complexity of drought vulnerability, which means
that this indicator would need to be a composite of the physical, social, economic,

and environmental factors contributing to community and ecosystem vulnerability to
drought, ideally collected at both the national and subnational levels. Exploration of this
level could be pursued in collaboration with the multilateral process identified in Levels
1and 2. This Level 3 indicator would score highest on ‘Sensitivity’ and would have the
greatest capacity for ‘Gender disaggregation’. However, noting the complexity of this
approach and the likely demands in terms of data and methods, it would currently score
lower in the national ownership aspect of ‘Readiness’. In addition, the likely variability in
the availability of required data sets would influence ‘Comparability’ among countries.
A harmonization/standardization process focused on candidate metrics/proxies and
methodologies could help address these concerns if conducted multilaterally.

In this GPG, the criteria of ‘Comparability’, ‘Sensitivity’,
‘Readiness’, '‘Disaggregation by sex’ and ‘Adaptability’
of each of the three SO3 indicators have been
qualitatively assessed and ranked from low to high,
as shown in Figure 2. Where the Indicators currently
rank low in terms of these criteria, it is hoped that
these ranks could be improved, for example through
further research, data availability and the inclusion of
ecosystem components as discussed in Appendix A.

As outlined in Table 2 (taken from ICCD/COP(14)/
CST/7) and shown in Figure 2, the Level 1 Indicator

ranks high in terms of ‘Comparability’, ‘Readiness’ and
‘Adaptability’. However, in the current state, scores low
in terms of ‘Sensitivity’ to SO3 monitoring in isolation.
As discussed in Appendix A, the addition of drought
indices monitoring hydrological and agricultural
drought in the future would improve the ‘Sensitivity’ of
this indicator. ICCD/COP(14)/CST/7 states that Level
1 Indicator ranks low in terms of ‘Disaggregation by
sex’. Ithas not been given arank here as it is concerned
with the physical occurrence of drought hazard (and
does not include a demographic component); this will
not change in the future.

2% Note that this ‘global drought indicator’ has now been renamed the Global Drought Classification System (GDCS; SERCOM-1(11)/Doc. 5.1.1) and is discussed further

in Section 1.2.4.
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Figure 2

Current status

of the three

S03 indicators

as described in

this GPG ranked
according to the
criteria described in
Decision 11/COP.14
and given in Box 2
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Harmonization/

Comparability Sensitvity

Introduction

Disaggregation
by sex

Readiness

Adaptability

Level 1 . %
Indicator . N
Level 2
Indicator
Level 3
Indicator

The Level 2 Indicator provides an improvement
of ‘Sensitivity’ to SO3 monitoring over the Level
1 Indicator, but with limited improvements or no
improvement for ‘Readiness’ or ‘Comparability’
(Figure 2) when considering a full assessment of
exposure, which includes additional elements such
as ecosystem exposure. ICCD/COP(14)/CST/7
states that the Level 2 Indicator would have limited
improvement for the criteria of ‘Disaggregation by
sex’. However, the methodology provided in this GPG
makes the additional recommendation to address
the criteria for disaggregation by sex, therefore
facilitating potential improvement on this indicator
from the Level 1 Indicator, and as such the Level 2
Indicator is ranked ‘high’.

The Level 3 Indicator ranks high in terms of ‘Sensitivity’
and ‘Disaggregation by sex’in ICCD/COP(14)/CST/7.
However, here ‘Disaggregation by sex’ is ranked as
medium (Figure 2) given the tiered approach to the
vulnerability assessments for the Level 3 Indicator
described in Chapter 3. The variability in the availability
of datasets needed to calculate the Drought
Vulnerability Index (DVI) means the ‘Readiness’ of
the Level 3 Indicator is low. The recommended tiered
approach provides a framework whereby vulnerability
can be assessed even with limited availability of
datasets.

Good Practice Guidance for National Reporting on UNCCD Strategic Objective 3

Rank: . High O Medium O Low

Structure of the GPG

The GPG is split into three main chapters, one for each
of the indicators (Level 1, Level 2 and Level 3) used for
S03 monitoring. For each indicator, the methods for
deriving the indicator are explained, global datasets
recommended and guidelines provided on when in-
country datasets may be more appropriate. This is
followed by guidance on how to interpret the results and
a discussion of the limitations of the approaches used.

The Level 1 Indicator is calculated using gridded
Standardized Precipitation Index (SPI) data, and
reports the per cent of the total land area under
drought intensity classes in each reporting year.
Outputs from the calculation of the Level 1 Indicator
are used in the derivation of the Level 2 Indicator,
which assesses the exposure of the population to
each of the drought intensity classes. Finally, the
Level 3 Indicator uses the DVI to monitor trends in
the degree of drought vulnerability within a tiered
framework, providing options for a range of data
availability and reporting capacities.

When reporting any of the three indicators to UNCCD
for the first time, indicators for the baseline period
(along with indicator values for all subsequent reporting
periods) should be also reported. Guidance on this is
included for each indicator in the relevant chapter.

Appendix A discusses future opportunities for how
S0O3 monitoring could be progressed in order to
improve the comparability, sensitivity, readiness,
disaggregation by sex and adaptability of the three
SO3indicators.
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LEVEL 1 INDICATOR

TRENDS IN THE PROPORTION OF LAND UNDER
DROUGHT OVER THE TOTAL LAND AREA

This chapter describes the terminology, concepts, methodology,
data sources, interpretations and limitations of the Level 1
Indicator for assessing the trends in the proportion of land under
drought as described in Decision 11/COP.14 and its Annex.

1.1 Summary

Drought is a hazard experienced in all climate zones,
and is defined as a period of dry weather long enough
to cause a serious hydrological imbalance (World
Meteorological Organization, 1992). The Level 1
Indicator in this GPG specifically describes the status
of meteorological drought hazard that occurred
during the reporting period within a country. Further
aspects of drought and requirements for global scale
monitoring are described in Appendix A.

The methodology recommended here is a
globally accepted drought index: the Standardized
Precipitation Index (SPI) (Hayes et al., 2011) to
characterize the meteorological drought hazard
using globally available datasets, although it should
be noted that in-country datasets (via NMHSs) may,
in some cases, offer greater spatial resolution, longer
data records and greater acceptance for Parties.

By identifying the proportion of land under drought
(or, affected by drought) using four meteorological
drought intensity classes (mild, moderate, severe
and extreme drought), Parties can determine what
regions are experiencing more extreme droughts in
order to prioritize mitigation efforts in conjunction

with assessments of drought exposure and
vulnerability using the Level 2 and 3 Indicators,
respectively. The Level 1 Indicator values reported
to the UNCCD summarize the percentage of land
area in each of these four drought intensity classes.

Itisimportant to note that the Level 1 Indicator
reports whether land has been affected by
drought during the four-year reporting period. It
is possible that there may not have been drought
conditions, as defined by the Level 1 Indicator,

during the reporting period. This means that
the proportion of land under drought would be
0%. More on the interpretation of the Level 1
Indicator, and its limitations, can be found in
the following sections.

The Level 1 Indicator is a status indicator, highlighting
whether mild, moderate, severe or extreme drought
occurred during the reporting period. The reported
proportion of land under drought is a function of
climate variability, and so its status depends on
whether drought occurred in the reporting period.
Other drought indices characterizing additional
drought types that might be considered for Level 1
reporting are discussed in Appendix A.

Good Practice Guidance for National Reporting on UNCCD Strategic Objective 3 1
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1.2 Methodology

It is recommended that the SPI is used as the basis
for the calculation for the Level 1 Indicator given
it has been endorsed by the WMO for its use for
meteorological drought monitoring (Hayes et al.,
2011). However, as will be discussed in Section 1.5,
there are limitations to this approach in arid regions,
and it may be more appropriate to use a different
drought index such as the Standardized Precipitation
Evapotranspiration Index (SPEI) in such regions.

It is also recognized that country Parties and
NMHSs may already be using drought indices in
order to monitor drought, and that these may differ
from the SPI-12 as recommended in this GPG for
SO3 monitoring. Where this is the case, and other
indices are currently used for drought monitoring, it is
possible that these existing activities can and should
be exploited and used for Level T SO3 monitoring.
The use of drought indices other than the SPI is
discussed in Section 1.2.4.

There are three steps for the calculation of the Level
1 Indicator:

1. Calculate SPI using an accumulation period of
12 months (SPI-12) and gridded precipitation
data;

2. |dentify the drought intensity class of each grid
cell based on the calculated value of SPI; and

3. Calculate proportion of land in each drought
intensity class.

The first time the Level 1 Indicator is reported
to the UNCCD, it should also be calculated
for the baseline period (2000-2015) and any

previous reporting periods. Guidance on
producing the Level 1 Indicator for the baseline
period is provided in

1.2.1 Step 1: Calculate SPI

Step 1 inputs and outputs

Input Gridded precipitation data
Output erdded _SPI data for full precipitation
time series

In this first step, gridded precipitation will be used to
calculate monthly time series of the SPI using SPI-12,
which provides an annual summary of precipitation
deficits. Further discussion of the rationale
and limitations of using SPI-12 is provided in
Sections 1.4.1 and 1.5, respectively. Recommended
precipitation data and data requirements are
discussed in Section 1.3.

For the purposes of SO3 Level 1 Indicator reporting,
the recommended SPI derivation process is based on
WMO guidelines (World Meteorological Organization,
2012), but with the use of a reference period, and is
described in Box 3.

The use of a reference period, although not stated
in the WMO SPI User Guide (World Meteorological
Organization, 2012), is important to ensure that in
each four-year reporting period, the precipitation
data are standardized against the same reference
period’ or climatological standard normal period. This
ensures data are comparable between the reporting
periods as well as across both time and space. The
current WMO standard climate normal period is
1981-2010 (World Meteorological Organization,
2017). However, if and when the standard climate
normal period is updated (e.g. World Meteorological
Organization, 2019), it is recommended that
the SPI is recalculated for the baseline (see
Section 1.2.6) and all historic reporting periods. As
such, it is recommended that the reference period
used to calculate the SPI be clearly stated in national
reports of the Level 1 Indicator to the UNCCD.

The SPI should be derived for all months in the full
available time series (which should ideally be of
at least 30 years in length; World Meteorological
Organization, 2012) using the reference period
described above, before data for the reporting period
are selected as described in Section 1.2.2.

The process described in Box 3 results in a gridded
dataset, with time series of SPI-12 for all months, for
all grid cells. This can then be mapped spatially for
any calendar month in the time series.

An example area of the United Kingdom is
introduced in Box 4 and is used throughout
Chapters 1 and 2 to illustrate the recommended
methods for deriving Level 1 and Level 2 Indicators
for SO3 monitoring. Figure 3 is an illustration
of December SPI-12 grids using data from the
United Kingdom for a four-year period to emulate
a reporting period.



Box 3

SPI derivation
process for the SO3
Level 1 Indicator

Box 4

Background for area
used to produce the
worked example
outputs for the
Level 1 and Level 2
Indicators in this
GPG
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Recommended SPI derivation process

1. Using the selected monthly precipitation data series (which should meet the requirements listed in

Section 1.3.1) for each grid cell in the full territorial area of the country, aggregate precipitation using a
12-month accumulation period.

For example, this means that the 12 month precipitation accumulation for December 2019 is the total
monthly precipitation for January 2019 to December 2019, and the 12 month precipitation accumulation
for April 2019 is the total monthly precipitation for May 2018 to April 2019; i.e. for each month a new value
is determined from the previous 12 months. It is important to note that a missing value in one or more of
the constituent months of the aggregation leads to a missing value for the total aggregation — see
Section 1.3.1.2 for more information on missing data.

2. Use the WMO climatological standard normal period of 1981-2010 (i.e. 1 January 1981-31 December
2010; World Meteorological Organization, 2017, 2019) as a reference period to fit the Gamma
probability distribution function to all 12-month precipitation accumulations within the 1981-2010
period for each grid cell.

3 The probability distribution parameters derived for the reference period (1981-2010) should then be applied
to the full time series of monthly 12-month precipitation accumulations for each grid cell.

4. Finally, the time series should be converted to the standard normal to produce the necessary monthly SPI-
12 time series for each grid cell for the entire period of record.

In Section 1.2 and Section 2.2, SPI data from the

UK (Tanguy et al., 2017) is used to illustrate the N
steps described to calculate the Level 1 and Level
2 Indicators in Figures 3-7 (for Level 1) and Figures

10-12 (for Level 2).

The area is intended to illustrate the process of
calculating the Level 1 and Level 2 Indicators for a
country Party. To provide some spatial context the
area used is shown in this box.

The SPI data has a resolution of 5 km and each grid
cell has an area of 25 km?. This information is used
in the example calculation of the Level 1 Indicator.

The example has a total land area of 36,000 km? and g ;
contains 1,440 5-km grid cells 5
,_?
r":Jh
%
0 75 150 300 Kilometers
T T T |
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[— Year 1 SPI-12 Year 2 SPI-12
Figure 3

SPI-12 grids for each
of the four years

using the worked 1
example from the o
United Kingdom

introduced in Box 4 )

Year 3 SPI-12 Year 4 SPI-12

. Extreme drought . Severe drought . Moderate drought Mild drought D No drought

Note: No cells were classed as being affected by drought in Year 3 of the worked example

1.2.1.1 Tools to calculate SPI

Default SPI data will be available via Trends.Earth for the purposes of SO3 monitoring. However, there are various
open access tools that can be used to derive the SPI, a selection of which is listed in Table 3.

4 Good Practice Guidance for National Reporting on UNCCD Strategic Objective 3



Table 3

Selected list of
available SPI
calculation tools
Please note this list
is not exhaustive
and other tools are
available

Table 4

SPI drought
intensity classes

Application

Table of
CONTENTS

Notes

Level 1 Indicator

Reference

SPI Program

Windows GUI, designed to drive SPI for
gauge station data (i.e. point data for a
limited number of sites)

https://drought.unl.edu/
droughtmonitoring/SPI/SPIProgram.
aspx

SCl package inR

Programmatic access via R on Windows/
Linux for gridded or point (gauge) data

Gudmundsson and Stagge (2016)

SPEI package in R

Programmatic access via R on Windows/
Linux for gridded or point (gauge) data

Begueria and Vicente-Serrano (2017)

Climate and Drought
Indices in Python (SPI,

Python code to calculate SPI
programmatically for gridded data in

https://www.drought.gov/data-maps-
tools/climate-and-drought-indices-

SPEI, PET) NetCDF format

python-spi-spei-pet

1.2.2 Step 2: Identify the drought intensity
class of each grid cell based on the calculated
value of SPI

Once the SPI has been calculated for each grid cell
and month in the time series, the time series for the
reporting period (i.e. previous four years) should be
assessed. In this step, spatial data of the drought
intensity classes will be produced as well as summary

Step 2 inputs and outputs

counts of the number of cells in each drought
intensity class.

Using the gridded SPI data output from Step 1, the
December SPI-12 values for each year of the four-
year reporting period (i.e. four SPI-12 grids) should be
extracted. The December SPI-12 values represent the
precipitation deficits (or excesses) over the Gregorian
(January-December) calendar year.

For each of the four SPI-12 grids, the number of cells
in each of the SPI drought intensity classes should

be counted. The SPI intensity classes are listed in
Input Gridded SPI data derived in Step 1 Table 4. Note that this classification will be reviewed
a) December SPI-12 grids for each of the for future versions ofthe'GPG'and will be aligned with
four reporting years (used as input for Level the Global Drought Classification System (GDCS). The
Output | 2Indicator) four SPI-12 grids should be saved to calculate the
b) Counts of the number of grid cells in each Level 2 Indicator — see Chapter 2.
drought intensity class for each reporting year
SPI values Drought intensity class
0to-0.99 Mild drought
-1.0t0-1.49 Moderate drought
-1.5t0-1.99 Severe drought
-2 and less Extreme drought

Note: SPI values greater than O indicate that it was wetter than normal for the given period and that there was no drought.

Source: Adapted from World Meteorological Organization (2012)
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Table 5

Counts of cells in
each SPI drought
intensity class for
each year of the
worked example

|
Figure 4
Individual drought
intensity classes
and counts of the
number of cells

in each class
(in brackets) for

Year 1 of the worked

example shown in
Table 5

Level 1 Indicator
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For each December SPI-12, the cells where SPI values
are in the ‘mild drought’ class should be selected
(e. g. as shown in Figure 4) and the number of cells
selected recorded. This step should be repeated for
the remaining three drought intensity classes, as

>

shown in the example in Table 5. Positive SPI values
should be discarded for the purposes of the Level 1
drought indicator, as these indicate that it was wetter
than normal for the given cell and time step (i.e. there
were no drought conditions as defined by the SPI-12).

Number of cells in each drought intensity class

Reporting Mild Moderate SavEe Extreme Total number
Year drought drought drought drought of cells under
drought
1 973 350 97 7 1,427
2 122 355 338 625 1,440
3 0 0 0 0 0
4 612 37 4 0 653

Year 1 mild drought [973 grid cells]

Year 1 moderate drought [350 grid cells]

Year 1 severe drought [97 grid cells]
1

s

Year 1 extreme drought [7 grid cells]

F
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Table 6

Example conversion
of number of cells

to proportion of land
area under drought
for Year 1 of the
worked example
shown in Table 5

There are a total of
7,440 grid cells in
the area used for
the worked example
introduced in Box 4.
This process should
be repeated for

the remaining

three years of the
reporting period

Table of
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1.2.3 Step 3: Calculate proportion of land
under drought

In this final step, the proportion of land under each

drought intensity class is calculated, i.e. the Level 1
Indicator.

Step 3 Data inputs and outputs

a) Counts of the number of grid cells in each
drought intensity class for each reporting

year

Input
b) Total number of grid cells classified as
land (for total land area) within the border
of the land area

Output Level 1 Indicator: Proportion of land under

each drought intensity class

Level 1 Indicator

For each reporting year calculate the percentage of

the total land area in each drought intensity class.

Take the total number of cells in each drought intensity
class derived in the previous step, divide by the total
number of grid cells in the country Party land area (i.e.
grid cells classified as land within the boarder of the
land area), and multiply by 100 to get the percentage
of land in the given drought intensity class, as shown
in Equation 1 with example outputs shown in Table 6.

cellCount;;
x100
Total number of cells

% cellCount,»j= (

Equation 1 to calculate the proportion of land (%
cellCount) in each drought intensity class (i) and reporting
year (j), where cellCount is the number of cells affected
by drought and Total number of cells is the number of grid

cells classified as land within the boarder of the land area.

Mild Moderate Severe Extreme Total
drought drought drought drought
Total number of cells
affected by drought 973 350 o7 / 1427
% of land area under 67.6 243 67 0.5 99.1
drought

Good Practice Guidance for National Reporting on UNCCD Strategic Objective 3 7

=

1



=)

1

Level 1 Indicator

Table 7

Example of SPI-12
values for an
individual grid cell for
the reporting period

The most extreme
drought intensity
class is highlighted
which is used to
summarize the
reporting period
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1.2.4 Using other drought indices

Where country Parties and NMHSs may already be
using drought indices to monitor drought which
differ from the SPI-12 recommended in the GPG,
it is possible that these existing activities can
and should be exploited and used for Level 1 SO3
reporting.

In order to utilize other indices and monitoring
tools, they should be based on gridded precipitation
products (derived either from gauges, remote sensing
or blended products) so that the proportion of land
under drought during the reporting period can be
derived in a comparable way. Alternatively, Parties may
use other indices to quantify meteorological drought
that include other variables as well as precipitation.
Exact methods on how this would be done in practice
will depend on the index in use. Some indices are
readily comparable — for example, Parties using the
Standardized Precipitation Evapotranspiration Index
(SPEI) can apply the same methods recommended
in this GPG to report their SO3 Level 1 Indicator.
For other indices currently in use (for example the
Palmer Drought Severity Index (PDSI), the Normalized
Difference Water Index (NDVI), or the Drought
Reconnaissance Index®), it is also preferable that
the index used can be split into statistically derived
severity categories that are in some way equivalent to
the SPI drought intensity classes described in Table 4.

The development of the Global Drought Classification
System (GDCS, formerly the Global Drought Indicator
or GDI) by WMO through the GMAS framework will
provide methods on how a multitude of drought

indices can be translated onto a harmonized legend
of drought classes (labelled from DO to D4; SERCOM-
1(1)/Doc. 5.1.1). WMO advises that drought indicators
should be statistically based to make it easier to
integrate them into the GDCS; for more detail on the
GDCS see Section 1.4.1. More information, references
and source codes for over 50 drought indices and
indicators are provided in the Integrated Drought
Management Programme (IDMP) Handbook of
Drought Indicators and Indices (World Meteorological
Organization and Global Water Partnership, 2016).

1.2.5 Creating a gridded spatial summary for
the reporting period

In addition to the tabular reports of the Level 1 Indicator
described above, the Level 1 Indicator should also
be summarized spatially to map the most extreme
conditions that occurred in the reporting period.

To summarize the reporting period spatially for the
Level 1 Indicator, the most extreme drought intensity
class should be identified for each grid cell for each
reporting year within the reporting period. In the event
of a grid cell having a positive SPI, hence never being
in drought in the reporting period, it will be labelled
as “No drought”. An example of SPI-12 data for an
individual grid cell and the resulting drought intensity
class assignment is shownin Table 7,and an example
reporting period grid is shown in Figure 5. The Level
T Indicator gridded spatial summary for the reporting
period is also used as an input for the gridded spatial
summary of the Level 2 Indicator, as described in
Section 2.2.3.

Reporting Drought Intensity Class for | Drought Intensity Class for
SPI-12 Value . . .
Year each reporting year the reporting period
1 1.872 No drought
2 -0.345 Mild drought
Moderate drought
3 1.700 No drought
4 -1.506 Moderate drought

2% Itis acknowledged that there are many drought indices in operational use (e.g. Lloyd-Hughes, 2014) and others may be in use that are not listed here. The Handbook
of Drought Indicators and Indices (World Meteorological Organization and Global Water Partnership, 2016) lists and describes over 50 commonly used

drought indices.

8 Good Practice Guidance for National Reporting on UNCCD Strategic Objective 3



Figure 5

Summary map for
the Level 1 Indicator
for the worked
example reporting
period showing

the most extreme
drought intensity
class for each grid
cell across the four
reporting years,
based on the SPI
data shown Figure 4
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Level 1 Indicator

. Extreme drought . Severe drought

1.2.6 Calculating the Level 1 Indicator for the
baseline period

This section describes how the Level 1 Indicator should

be calculated for the UNCCD baseline period (2000-
2015), in line with the reporting requirements for all

strategic objectives included in the 2018-2030 Strategic

Framework. Calculating the Level 1 Indicator for this

period provides context for Parties to understand their
drought hazard over time for SO3 monitoring, as well

as for the other Strategic Objectives.

Moderate drought

D No drought

Mild drought

The baseline period for the Level 1 Indicator should
be used as a record of the drought hazard status over
this period. Drought is a periodic event, and climate
variability means it is possible drought may or may
not have occurred in either the baseline period or the
reporting period. In order to truly understand trends in
drought hazard, SPI data over a much longer period
should be used. Any observed changes or trends in
the proportion of land under drought over this short
timeframe should therefore be interpreted with caution,
as itis likely to underestimate the drought hazard.

The Level 1 Indicator baseline period should be calculated the first time it is included in

national reporting to the UNCCD.

There are some instances when the baseline period (and any previous reporting periods) may need to

be recalculated. These are as follows:

If WMO guidance on standard climate normal period is updated, the SPI should be recalculated
using this new standard as the reference period and the Level 1 Indicator re-derived for the baseline

in addition to any subsequent reporting periods.

If new and/or improved precipitation datasets used to calculate the SPI become available, the baseline
period and any subsequent reporting periods should be recalculated using the new dataset.

If the methodology for deriving or reporting the Level 1 Indicator for SO3 monitoring changes in the
future, for example, as a result of the introduction of the GDCS, which is described in Sections 1.2.4

and 1.4.1.
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Figure 6

December

SPI-12 grids for the
baseline period
using the example
area introduced in
Box 3
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CONTENTS

In order to calculate the Level 1 Indicator for the
baseline period, the SPI-12 should be calculated as
described in Section 1.2.1, and the December SPI-12
grids selected for each year of the baseline (i.e. 2000
to 2015). The SPI-12 grids for the baseline period for
the worked example are shown in Figure 6.

For each year in the baseline period, the number
of grid cells in each drought intensity class should

December 2000 SPI-12 December 2001 SPI-12

be calculated as described in Section 1.2.2. The
proportion of land under each drought intensity class
should be reported as described in Section 1.2.3
and as shown in the example in Table 6, and should
include all years in the baseline period. In the event
of a grid cell having a positive SPI, hence never being
in drought in the four-year period, it will be labelled
as “No drought”.

December 2003 SPI-12

December 2002 SPI-12

December 2004 SPI-12 December 2005 SPI-12

December 2006 SPI-12 December 2007 SPI-12

December 2008 SPI-12 December 2009 SPI-12

December 2011 SPI-12

December 2010 SPI-12

December 2012 SPI-12 December 2013 SPI-12

December 2014 SPI-12 December 2015 SPI-12

. Extreme drought . Severe drought

In addition to the tabular reports of the Level 1
Indicator, the baseline period should be summarized
spatially using the gridded SPI-12 data in four-year
intervals (i.e. 2000-2003, 2004-2007, 2008-2011 and
2012-2015), reflecting the reporting periods used for
S0O3 monitoring. To summarize the baseline period
spatially for the Level 1 Indicator, the most extreme
drought intensity class should be reported for each
grid cell for each four-year period within the baseline.

Moderate drought

Mild drought

D No drought

An example of SPI 12 data for an individual grid
cell and the resulting drought intensity class
assignment is shown in Table 8, and the summary
maps for the example area (based on the SPI grids in
Figure 6) are shown in Figure 7. The Level 1 Indicator
baseline period gridded spatial summary maps are
also used for the gridded spatial summary of the
Level 2 Indicator baseline period, as described in
Section 2.2.4.
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Table 8

Example of SPI-12
values for an
individual grid cell for
the baseline period
2000-2015

The most extreme
drought intensity
class is highlighted
and is used to
summarize each
four-year period of
the baseline

|

Figure 7

Summary maps for
the Level 1 Indicator
for the four-year
baseline periods,
showing the most
extreme drought
intensity class for
each grid cell in

the given four-year
period; based on the
SPI data shown in
Figure 6

<

Table of

b

Level 1 Indicator

CONTENTS
Foyr-year. Date SPI-12 value Drought Intensity Most Extrgme Drought
baseline period Class Intensity Class

2000-12 1.872 No drought
2001-12 0.345 No drought

1 Extreme drought
2002-12 1.700 No drought
2003-12 -2.006 Extreme drought
2004-12 -0.333 Mild drought
2005-12 -1.526 Severe drought

2 Severe drought
2006-12 0.045 No drought
2007-12 1.470 No drought
2008-12 1.158 No drought
2009-12 -0.080 Mild drought

3 Moderate drought
2010-12 -1.251 Moderate drought
2011-12 -1.313 Moderate drought
2012-12 2.035 No drought
2013-12 0.069 No drought

4 No drought
2014-12 1.763 No drought
201512 0.638 No drought

2000-2003 Summary 2004-2007 Summary

2008-2011 Summary

. Extreme drought

. Severe drought
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1.3 Data sources

This section describes the data required to calculate
the Level 1 Indicator, including the data requirements
for deriving the SPI (Section 1.3.1), globally available
precipitation data products (Section 1.3.2) and when
it may be appropriate to use in-country precipitation
data over the globally available data (Section 1.3.3).

1.3.1 Precipitation data requirements

The precipitation data used to derive the SPI, and so
the Level 1 Indicator, has some requirements in terms
of the period of record and data completeness. These
requirements are described below.

1.3.1.1 Period of record

In order to calculate the SPI, a monthly precipitation
dataset is required and should ideally have a
continuous record of at least 30 years (World
Meteorological Organization, 2012). The data should
cover the period used to derive the climatological
standard normal (i.e. 1981-2010) as described in
the WMO Guidelines on the Calculation of Climate
Normals (WMO-No. 1203; World Meteorological
Organization, 2017) in order to sample as much of
the range of climate variability as possible.

1.3.1.2 Data completeness

Data should be continuous where possible, as
missing values affect the confidence of the output
index. However, it is accepted that many datasets
may have record completeness of less than 90% and
when considering national datasets, Parties may have
to work with datasets with 75-85% completeness
(World Meteorological Organization, 2012). Where
data completeness are less than 85%, Parties may
consider infilling gaps in data and are recommended
to follow guidance provided by the WMO (e.g. World
Meteorological Organization, 2018).

1.3.2 Recommended global precipitation
datasets

There are a number of global gridded precipitation
datasets (e.g. Sun et al,, 2018) that are based
on gauged data, on remotely sensed data from
satellites, or a combination of these sources. The
choice of precipitation data has been found to affect
operational drought monitoring as drought indices
can vary due to the retrieval technique, merging
method, period of record and spatial resolution of
the precipitation product (Golian et al., 2019). As
such, not all precipitation datasets can be considered
suitable for the Level 1 Indicator for SO3 monitoring;
a detailed review of global precipitation products and
their appropriateness for SO3 Level T monitoring can
be found in Pricope et al. (2020).

Two global gridded precipitation datasets based
on observations are discussed here, one based on
gauged data and the other from blended gauged and
remote sensing data — more detail on each is given
below. Table 9 summarizes the two recommended
data sources: the GPCC Monitoring Product v6 and
Climate Hazards Group InfraRed Precipitation with
Stations (CHIRPS) 2.0. Section 1.3.2.3 discusses
precipitation from reanalysis systems, which could
be considered for use where GPCC or CHIRPS 2.0 may
not be appropriate (e.g. see Figure 9).

The higher spatial resolution of CHIRPS 2.0 and slightly
longer period of record are advantageous, particularly
given the use of the 1981-2010 climatological normal
period used when deriving the SPI. CHIRPS 2.0 may
also be preferable in areas with low rain gauge density.
However, it should be noted that CHIRPS 2.0 is ‘quasi-
global" and spans 50°S to 50°N. It is recommended
that Parties outside of this range use GPCC
precipitation data, or in-country or regional products
as discussed in Section 1.3.3. Where the size of the
country is smaller than the resolution of the global
datasets listed in Table 9, it is recommended that
the Parties consider the use of national precipitation
products as discussed in Section 1.3.3.

Good Practice Guidance for National Reporting on UNCCD Strategic Objective 3



Table 9

Global precipitation
datasets based

on observations
recommended to
derive the SPI for
the Level 1 Indicator

Table of Level 1 Indicator
CONTENTS
e D Publisher | Source Spatial resolution® Uizl Tempor'al
dataset coverage resolution
GPCC Monitoring 1.0°x1.0° (~111 km) _ N
Product v6 ¥ GPCC Gauged 25X 2.5 (~277.5km) 1982 — present Monthly
Blended gauged . . .
CHIRPS 2.0 %' CHGUCSB | and remotely 0.05 x0.05 1081 - presenes | DAl monthly,
(~5.55km) annual
sensed data

*i.e. two months prior to present
**j.e. updated in the third week of the following month

1.3.2.1 Gauge-based data: GPCC v6

The WMO endorse the use of a gridded product
derived from gauge data from the Global Precipitation
Climatology Centre (GPCC): 'GPCC Monitoring
Product: Near Real-Time Monthly Land-Surface
Precipitation from Rain-Gauges based on SYNOP and
CLIMAT data’ (Schneider et al.,, 2018a). GPCCis a WMO
approved Global Producing Centre and its products
are used world-wide by a range of organizations for
water and climate related monitoring and research,
including WMO, FAO and UNESCO (Schneider et al.,
2018b). GPCC is used operationally as a core input
dataset for the regional drought monitoring product
produced by the Drought Management Centre for
Central and Southeastern Europe (DMCSEE),** which
was established by UNCCD and WMO in 2007.

However, gauge density is known to affect the
accuracy of derived gridded data (e.g. Keller et
al,, 2015; Legg, 2015). Figure 8 shows the density
of gauges per 1.0 degree grid in May 2012 for the
GPCC monitoring product. Statistical analysis using
data from dense rain gauge networks showed that
the sampling error of monthly precipitation is up to
twice as high when five gauges are used instead of
10 gauges (Schneider et al., 2014). GPCC provides the
number of stations used per grid, meaning the gauge
density can be considered by country Parties when
selecting an appropriate precipitation data product. It
is recommended that Parties located in regions with
limited gauge density resulting in unrepresentative

precipitation estimates consider the use of CHIRPS
2.0 data for deriving the Level 1 Indicator.

1.3.2.2 Blended gauge and remote-sensing based:
CHIRPS 2.0

The Climate Hazards group Infrared Precipitation with
Stations (CHIRPS)* 2.0 dataset is a blended product,
combining 0.050 climatology for sparsely gauged
locations, producing high resolution estimates based
on infrared Cold Cloud Duration (CCD) observations
(i.e. remotely sensed data) and gauged station data
(Funk et al., 2015). CHIRPS 2.0 has been found to
compare well to other gridded precipitation products,
has been used to monitor droughts, and was
developed to support the United States Agency for
International Development Famine Early Warning
Systems Network (FEWS NET; Funk et al,, 2015).

If CHIRPS 2.0 is selected for calculating the Level 1
Indicator, it is recommended that country Parties
ensure the estimates provided are representative
and may want to validate the data using observed
precipitation data from rain gauges. CHIRPS and
CHIRPS 2.0 data have been validated against station
data in the scientific literature in many countries and
regions across the world, including Pakistan (Nawaz et
al,, 2021), eastern Africa (Dinku et al., 2018), the central
Andes (Rivera et al,, 2018) and China (Bai et al., 2018),
and has shown good sensitivity to local precipitation
estimates although with some limitations (e.g. in
detecting snowfall and at higher altitudes).

30
31
32
33

https://www.chc.ucsb.edu/data/chirps
http://www.dmcsee.org/en/drought_monitor/
https://www.chc.ucsb.edu/data/chirps

https://opendata.dwd.de/climate_environment/GPCC/html/gpcc_monitoring_v6_doi_download.html
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Figure 8

Number of stations
per grid in the GPCC
Monitoring Product
Version 2020
Gauge-Based

Analysis 1.0 degree
in June 2021
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GPCC Monitoring Product Version 2020 Gauge—Based Analysis 1.0 degree
number of stations per grid for June 2021
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Source: GPCC Visualizer. Available at: https://kunden.dwd.de/GPCC/Visualizer (Accessed: 20 September 2021).

1.3.2.3 Data from reanalysis systems

A further potential source of data is precipitation from
reanalysis systems such as ERA5%* (Hersbach et al,
2020). Reanalyses combine sophisticated weather
forecasting models and historical observations,
via data assimilation systems and therefore, have
the advantage of providing continuous spatial
and temporal coverage at the global scale, and
availability in near-real time. Another advantage of
such reanalysis data is the availability of other metrics,

such as evapotranspiration, as discussed in Appendix
A. However, while some assessments of ERAS
precipitation have been undertaken (e.g. Nogueira,
2020), before such products can be recommended
with confidence, there remains a need for detailed
global-scale evaluation for drought applications.
Such reanalysis data could be of use in areas of low
gauge density (meaning GPCC estimates are more
uncertain) or outside the geographic range of CHIRPS
2.0 (see Figure 9).

34 https://www.ecmwf.int/en/forecasts/datasets/reanalysis-datasets/era5
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Figure 9

Decision tree to help
Parties chose the
best precipitation
data source to

derive the Level 1
Indicator
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1.3.3 Use of national/regional precipitation
data products

In some cases, Parties may prefer to use in-country
data provided by the NMHSs or regional precipitation
products instead of the global precipitation products
recommended in Table 9. This may be for a number
of individual or a combination of reasons, including:

In-country/regional products may have a higher
spatial resolution and/or a longer period of record
which would provide greater historical context for
assessments of drought hazard;

In-country/regional products may already be in use
to produce the SPI (or other drought indices being
used to derive the Level 1 Indicator); and

In-country/regional products may be based on
gauged data with a higher density than GPCC and,
therefore, have less uncertainty where gauge data
within GPCC is low.

Level 1 Indicator

Figure 9 sets out the recommended decision-making
process for assessing when in-country (or regional)
precipitation data products may be more appropriate
to derive the Level 1 Indicator over the globally
available products listed in Table 9.

If an in-country gridded precipitation product is not
available, Parties may wish to derive precipitation
grids using data from in-situ rain gauges. It is beyond
the scope of this GPG to provide instruction on how
to derive such gridded datasets, however Parties are
directed to WMO guidance on this topic e.g. Collier
(2000), and papers in scientific literature (e.g. Keller
etal,, 2015; Vicente-Serrano et al.,, 2017).

Are in-country gridded

precipitation data available via
National Meteorological and
Hydrological Service (NMHS)

NO YES
Is GPCC gauge density
sufficient to capture [0Cal | «mm—
variabilty?
YES NO A

)

Does in-country data
record include the
reference period used to
calculate the SPI?

YES

NO }

Is the country
Party within
50°N and 50°S?
—

YES NO A

¢

Is local rain gauge density
greater than that used
by GPCC?

YES

NO_}

Use CHIRPS 2.0

Are data more than 85%
complete for the full period
of record?

NO YES

Consider other options
(e.g.other precipitation

products or reanalysis
data) or default to GPCC
with caution given
potential uncertainties

Use in-country gridded

precipitation dataset
available from NMHS
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1.4 Rationale and interpretation

1.4.1 Rationale for using SPI as the Level 1
Indicator

The SPI was used as the basis of the SO3 Level 1
Indicator due to the recommendation by WMO for
monitoring meteorological drought, as set out in the
Lincoln Declaration on Drought Indices (Hayes et al.,
2011). Furthermore, in Resolution 21 (Cg-XVI), the
Sixteenth World Meteorological Congress requested
all WMO Members to ensure that all NMHSs around
the world use the SPI to characterize meteorological
droughts, in addition to other drought indices that
are already in use in their service,** making it a good
starting point for most Parties. However, the SPI has
limitations in dry climates and should be applied
with caution in regions with arid conditions (Wu et al.,
2007), as discussed in Section.5.

The Lincoln Declaration on Drought Indices (Hayes
et al, 2011) states that SPI is simple to calculate,
only needs one input, and can be compared across
both time and space. The Lincoln Declaration
has helped cement the status of SPI as a drought
monitoring index in the last decade. It has been widely
used globally and has been seen as the de facto
standard for a much longer time, both in academic
studies (e.g. 210,000 results for ‘Standardized
Precipitation Index’ in Google Scholar) and in practice
(e.g. used by US Drought Monitor,*® European Drought
Observatory®” and a range of other monitoring and
early warning platforms, including the DMCSEE®®
and UK Water Resources Portal*®). The SPI is widely
used at all scales, from catchment through to
national- and global-scale assessments. While
developed for drought situation monitoring, it is
widely used for a range of applications, including
forecasting, risk assessments and long-term climate
change impact assessments (e.g. see the reviews of
Dai, 2011b; Bachmair et al., 2016a; Mukherjee et al.,
2018; Blauhut, 2020).

The SPI-12 was selected in order to summarize the
annual precipitation deficits for each reporting year.
This 12-month accumulation captures long-term
precipitation deficits and is more likely to highlight
extreme conditions, which are linked to impacts
on hydrology (including groundwater) and water
resources (World Meteorological Organization, 2012).

A key advantage of the SPI is its flexibility, allowing
computation over a range of timescales that have
relevance to different types of drought impacts (e.g.
hydrological, agricultural, environmental — see Box 1).
Another benefit of the standardization process is that
variants of the index can be used to compare across
the hydrological cycle. Standardized indices have been
proposed for many different hydrometeorological
variables, for example the SPEI (Vicente-Serrano et
al., 2010), the Standardized Runoff Index (Shukla and
Wood, 2008), Standardized Streamflow Index (SSI)
(Vicente-Serrano et al., 2012; Barker et al.,, 2016) and
Standardized Groundwater Index (Bloomfield and
Marchant, 2013). In this manner the propagation
of droughts through the hydrological cycle can be
quantified consistently. While not in a suitable state of
readiness for inclusion at present, these other indices
are considered further in Appendix A.

Another key advantage to using the SPI (or other
standardized indices, such as the SPEI) is that it will
easily translate into the GDCS under development
by WMO and GMAS. The GDCS will provide a
methodology to align indices used for national
drought monitoring and reporting using a harmonized
classification scheme to create an easy-to-understand
global system of drought reporting. The GDCS was
formerly known as the GDI (as outlined in SERCOM-
1(I1)/Doc. 5.1.1); the name was changed to avoid the
implication that there was only one index that could be
used for drought monitoring. In the Annex to Decision
11/COP14 the GDCS (then, GDI) was recommended
as the basis for Level 1 Indicator monitoring, and as
such, methods for calculating and reporting will be
revised in future versions of the GPG.

35

https://library.wmo.int/doc_num.php?explnum_id=3429

36 https://droughtmonitor.unl.edu/

37 https://edo.jrc.ec.europa.eu/

3 http://www.dmcsee.org/en/drought_monitor/

39 https://eip.ceh.ac.uk/hydrology/water-resources/
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SPI drought
intensity classes
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occurrence in a
100-year period
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1.4.2 Interpretation of the Level 1 Indicator

Based on the SPI, the resulting values for the Level 1
Indicator reporting provide the proportion of land in each
of the drought intensity classes (mild, moderate, severe
and extreme drought) in each of the four reporting years
(see Table 6). The drought intensity classes not only
provide an indication of the severity of precipitation
deficits, but also the likelihood of such deficits occurring,
as shown in Table 10 and based on findings from the
World Meteorological Organization (2012).

The proportion of land under drought is dependent on
whether there has been any dry periods with below
normal precipitation as defined by the SPI-12 in each
year of the reporting period. This means that the
Level 1 Indicator should be used as a status indicator
to show whether there were drought conditions or not.
The use of a 12-month accumulation period provides
an overview of long-term precipitation deficits over
the reporting period, however, it should be noted that
shorter SPI accumulations would produce different
results. This is discussed in more detail in Section 1.5
and Appendix A.

A larger proportion of land affected by drought
indicates that there were widespread precipitation
deficits across the country in that year. By comparing
the relative proportions of land affected by drought

Level 1 Indicator

in each drought intensity class, the intensity of the
precipitation deficits across the country can be
assessed.

The baseline summary assessment of the Level 1
Indicator provides an initial drought status, which will
be added to with every subsequent reporting period. As
discussed in Section 1.2.6, caution should be exercised
in the interpretation of any changes or trends in the
Level 1 Indicator due to the effect of natural climate
variability on the occurrence of droughts.

SPl values Drought intensity class Num?ga;i;iges 1D (orIfT'::]c:;::’:yfi‘;eer\iteynt“o
0to-0.99 Mild drought 33 1in3years

-1.0to -1.49 Moderate drought 10 1in10years
-1.5t0-1.99 Severe drought 5 1in20years

-2 and less Extreme drought 2.5 1in 50 years

Source: Adapted from World Meteorological Organization (2012)

40" The frequencies shown here (as presented in the SPI User Guide; World Meteorological Organization, 2012) reflect the frequencies of a normal distribution. However,
it should be noted that the reference period used and the fit of the frequency distribution (as discussed in Section 1.5) may influence the frequencies associated with
the drought intensity classes.
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1.5 Comments and limitations

The SPI is recommended here as a well-established,
flexible and robust drought index suitable for
quantifying drought hazard on a global scale. However,
we must emphasize that, like any single indicator or
index used to assess drought, the SPI has a number
of limitations that constrain its applicability. Chiefly, it
only quantifies one aspect (meteorological deficits) of
what is a complex, multifaceted hazard. There are also
several important technical considerations that must
be addressed when interpreting results emerging from
any application of the SPI. We address these briefly
here, but cannot cover these topics exhaustively — the
reader is referred to further sources where necessary.

First, we highlight the following considerations related
to the use of SPI as a single drought indicator to be
used as the Level 1 Indicator of choice, relative to other
drought indicators.

‘Types of drought’: most crucially, the SPI is a
meteorological drought indicator solely based on
precipitation, and as previously noted, other ‘types’
of drought (e.g. hydrological, agricultural) which may
follow meteorological drought may be inferred by
aggregating over multiple timescales, but these may
not be well captured by the single timescale (SPI-
12) chosen here, as discussed below. As SPI is an
only precipitation-based indicator, it has an inherent
limitation in any meteorological drought indicator.
We return to this in Appendix A. Note that this same
issue applies where other precipitation-based drought
indices may be being used by Parties for Level 1
reporting.

Application in arid climates: the calculation of the
SPI is based on mathematical rainfall distribution.
In regions with very low, and/or a high proportion of
months of zero precipitation, it is very challenging
to fit a distribution to this highly skewed data. SPI
values in such regions should be used and interpreted

with caution (Wu et al.,, 2007; Pietzsch and Bissolli,
2011; Ziese et al., 2014). The SPEI (Vicente-Serrano
etal., 2010) is often applied in such regions. The role
of evapotranspiration is discussed in more detail in
the paragraph below.

Absence of evapotranspiration: even as a
meteorological indicator, the SPI only partially
addresses the drought hazard. It quantifies
precipitation deficits, but not the other side of the
climatic water balance — that is, it does not account
for evapotranspiration losses. This is very important
because in many areas of the world, evaporation
losses can be as significant, or more significant,
as a driving mechanism of drought impacts than
precipitation deficits. Globally, around 60 per cent
of terrestrial precipitation is evaporated (Rodell
et al., 2015), meaning evaporation dominates the
water balance over much of the world. Even in
humid environments, evapotranspiration losses can
be a significant driver of drought events in some
seasons, particularly given the role of complex land-
surface feedbacks (e.g. Teuling et al., 2013). While
SPI provides a robust way to compare precipitation
deficits in time and space, assessments of drought
severity solely based on the SPI (i.e. precipitation
deficits) can potentially be misleading if comparing
between regions, and if examining trends over time,
given the observed spatial and temporal variations in
evaporation. Numerous other meteorological indices
have been developed to quantify drought from a water
balance perspective by explicitly taking account
of evapotranspiration, for example, the very well
established PDSI and more recent but widely adopted
SPEI. However, it remains the case that accurate
quantification of evapotranspiration is a challenging
and contentious area, even at small scales, let alone
globally. Given the lack of a consistent and accepted
approach, it is reasonable to not incorporate this at
present. This should be a key priority for the future,
and is discussed further in Appendix A.
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Link to impacts: ultimately, as there is no single
definition of drought (Lloyd-Hughes, 2014), there can
be no single index nor aggregation period that can be
used to quantify drought severity across contrasting
geographical domains, for different sectors or ‘types’
of drought (e.g. agricultural, hydrological etc.; see
Box 1 for more information on the different types
of drought). It has been argued that the choice of a
suitable indicator, and the time period over which it
is aggregated, should be informed through ‘ground
truth’against observed drought impacts (Bachmair et
al., 2016b). To that end, numerous studies have used
various statistical methods to link drought indices
(including the SPI) to databases of observed drought
impacts (e.g. Blauhut et al., 2015; Stagge et al., 20153;
Bachmair et al., 2016b; Blauhut et al., 2016; Noel et
al.,, 2020). The main message emerging from this
literature is that the most appropriate indicator for
identifying drought impacts is highly context specific,
varying with place, season, aggregation period and
the type of impacts (or type of drought). The complex
relationship between a drought index and the impacts
it corresponds to is not only affected by natural factors
(e.g. presence or absence of significant land surface
storages such as aquifers) but also the exposure and
vulnerability of ecosystems and society, which vary
over time as well as between countries and regions.
Because of this, the SPI-12 recommended here can
only be seen as a broad-brush indicator of drought
severity, and a given SPI threshold will lead to different
types of impact and different degrees of impact in
different places.

Second, having adopted the SPI there are a number
technical considerations with SPI application, most
of which are shared with any drought indicator when
applied to the chosen datasets.

Spatial scale: the global datasets recommended to
derive the SPI in Section 1.3.2 have been assessed
as ‘fit-for-purpose’ as the default precipitation
datasets. However, if national-, supra-national or
finer scale gridded datasets exist, many of which may
be via NMHSs, these may be more suitable for SPI
application given their higher spatial resolution. Where

Level 1 Indicator

this is the case, guidance in Section 1.3.3 should be
followed to assess whether these national datasets
are suitable for Level 1 Indicator reporting.

Timescale: the SPI-12 is selected here as a single
aggregation period corresponding to annual
precipitation deficits. Given the complexity of
indicator-impact relationships, other aggregation
periods may be more suitable for characterizing
drought impacts in some environments. In some
places vulnerable to rapid-onset ‘flash droughts’
(Otkin et al., 2018; Pendergrass et al., 2020), short
duration SPI (SPI-1 — SPI-3 for example) may be
most significant, whereas in other areas vulnerable to
multiannual deficits, SPI-24 (or even SPI-36 or longer)
may correspond to most impacts. This differential
sensitivity of the SPI has been demonstrated in Europe
(Bachmair et al., 2016b), China (Wang et al., 2020) and
elsewhere. The SPI-12 is an appropriate compromise.
However, when interpreting the outputs, it isimportant
to bear in mind that it is only one accumulation
period, and in the future, other timescales may be
considered, but guidance would need to be developed
on how the most appropriate accumulation period
should be selected for the given country Party (itself
dependent on a wide range of climatic, physiographic
and economic considerations). Finally, the choice of
the calendar year for aggregation is itself a further
decision influencing comparability between regions.
The 12-month accumulation period over the calendar
year was selected for practical reasons in order to
simplify reporting for the GPG. However, a single ‘wet
season’ can be split across reporting years in regions
where it occurs around the turn of the calendar year.
Many nations and regions adopt a ‘hydrological year’
or ‘water year’ concept (e.g. T October — 30 September
inthe US and parts of northern Europe) to mitigate this.
However, climate regimes vary substantially globally
and it is not possible to adopt a fixed 12-month period
suitable for all environments. In practice, fixing the
12-month period is an inherent sampling issue that
is likely to have little bearing on the outcomes (as
the same 12 months are always compared and used
for standardization) compared to other caveats
discussed in this section.

Good Practice Guidance for National Reporting on UNCCD Strategic Objective 3 19
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Reference period: the SPI should be parameterized
using a reference period, and for practical purposes,
the use of the WMO standard climate period
(currently 1981-2010) is recommended. However,
any 30-year standard period is not likely to fully
represent long-term climatic variability in a location
— ideally longer periods would be chosen (Wu et al.,
2005) although this is often not possible given the
constraints of available datasets. The constraint
of a relatively short 30-year period is a particular
issue in the context of the multi-decadal variability
commonly seen in hydrometeorological time series,
largely arising from large-scale, low-frequency
ocean-atmosphere circulation patterns, such as
El Nifio Southern Oscillation (ENSO), the Atlantic
Multidecadal Oscillation (AMO) and a host of other
patterns in different parts of the world. Studies have
shown the sensitivity of SPI thresholds to such
multi-decadal oscillations and potential impacts
on policy/decision outcomes (NUfiez et al., 2014).
While there is a clear benefit of adopting a single,
consistent standard period globally, at the same
time, the representativeness of that 30-year period
to current and future conditions will vary between
regions, depending on the relative influence of drivers
such as ENSO, as well as underlying trends emerging
from anthropogenic warming, the magnitude of which
are spatially variable. It should be noted that in future
versions of the GPG, this reference period might
change in line with any updated recommendations
from WMO. In this case, the baseline (as described
in Section 1.2.6) and any existing reporting periods
should be recalculated to ensure comparability.

Distribution fitting: the SPI requires the selection
of an appropriate statistical distribution to conduct
the normalization process, and the Gamma
distribution is recommended as a sensible default

given its performance in continental-to-global-scale
applications of the SPI. However, there is much
literature on this subject (e.g. Lloyd-Hughes and
Saunders, 2002; Stagge et al., 2015b; Svensson et
al., 2017; Tijdeman et al., 2020) that demonstrates
that in some locations, the Gamma distribution is
outperformed by other distributions. Generally, the
choice of distribution (and the fitting methodology) can
have a significant influence on the derived SPI values,
with the extreme values being particularly sensitive to
the choice of distribution. Nevertheless, based on the
available literature, the Gamma distribution remains
a good choice of default distribution as it balances
good general acceptability in most environments
with ease of computation and interpretation relative
to distributions with a higher number of parameters.
If Parties are not using existing SPI data and are
instead computing the SPI using national/regional
precipitation data products and the methods provided
in Section 1.2, the Gamma distribution can be
appraised alongside other probability distributions if
resources and capacity allow. ‘Goodness-of-fit’ tests,
such as the Kolmogorov-Smirnov, Anderson-Darling
and Shapiro-Wilk tests, as described in Stagge et
al. (2015b) and Svensson et al. (2017), for example,
can be used to assess the fit of distributions. Further
recommendations on methodologies for fitting and
evaluating probability distributions can be found
in standard statistical guides for hydrology and
meteorology (e.g. Tallaksen and Van Lanen, 2004;
Wilks, 2011). It should also be noted that non-
parametric approaches to SPI computation have
been proposed (e.g. Hao and AghaKouchak, 2014),
that remove the need for statistical distribution fitting.
These methods are less favourable for extrapolation
outside of the historical range of observations, which
is a particularly important limitation given relatively
short records.
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LEVEL 2 INDICATOR

TRENDS IN THE PROPORTION OF THE TOTAL
POPULATION EXPOSED TO DROUGHT

This chapter describes the terminology, concepts, methodology, data
sources, interpretations and limitations of the Level 2 Indicator: Trends
in the proportion of the total population exposed to drought, to assess
exposure to drought hazard. It builds upon Level 1 to more directly
address SO3 as outlined in the UNCCD 2018-2030 Strategic Framework.

For this GPG, we consider the number of people who are exposed to
drought using spatially distributed population data compared to (overlaid
with) the previously described Level 1 Indicator data that characterizes
the drought hazard dynamically. We use the IPCC definition of exposure,
which refers to the presence of people or ecosystems in locations that
may be adversely affected by a hazard (IPCC, 2014c).

2.1 Summary

Exposure to drought is one of the key drivers of
drought risk (Carréo et al., 2016). The methodology
used here for the calculation of the Level 2 Indicator
is intended to be universal, allowing Parties to select
the most suitable dataset for the indicator and
where appropriate, determine national methods for
estimating the drought exposure.

The Level 2 Indicator is simply derived by calculating
the percentage of the total population in a given
country who are exposed to, and potentially impacted
by, drought. Population is just one of several factors
that could be considered when assessing exposure to
drought (see Carréo et al., 2016; Laurent-Lucchetti et

al., 2019; Pricope et al., 2020). Although not currently
included in this methodology, such additional factors
(e.g. crops, livestock and ecosystems) are discussed
in more detail in and Appendix A.

By analysing the percentage of a population exposed
to drought hazard, country Parties can determine the
proportion of the total population that are exposed
to different levels of drought intensity. This, wherever
possible, will be based primarily on comparable and
standardized official data sources from the country
Party that provide information on the distribution
of the population. However, earth observation and
geospatial information from regional and global
data sources may also be utilized, as highlighted in
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Inthe UNCCD indicator and monitoring framework for
S03, the Level 2 Indicator links to the Level 1 Indicator
to provide a simple proxy for exposure. In this case,
this is the percentage of the population exposed to
drought for each Level 1 drought intensity class for
each of the four years within the reporting period. The
Level 2 Indicator is calculated as the percentage of a
Party’s total population exposed to drought. This has
potential to be further disaggregated by sex to explore
and analyse demographic aspects of exposure.

The method of computation for the Level 2 Indicator
accounts for the spatial distribution of a population or
sub-population group (i.e., by sex) in establishing its
exposure to drought in a given location. The method
considers a population to be exposed where it lies
within a drought intensity class as determined by the
Level 1 Indicator. The intensity class of drought to
which a population is exposed is, therefore, directly
taken from the underlying Level 1 Indicator. From
this, the percentage of the total population located
within each drought intensity class can be calculated,
recorded and reported as part of the Level 2 Indicator.

Section 2.2.4

2.2.1 Calculating the percentage of the total
population exposed to drought

The approach outlined here involves overlaying
population on to the spatial output of the Level 1
Indicator (see Section 2.3 for details of the data
required).

There are four basic steps in calculating the
percentage of the total population exposed to drought:

1. Overlay population data onto Level 1 spatial output
(as derived in Section 1.2);

2. Calculate the total population for the country;

3. Calculate the number of people within each
drought intensity class; and

4. Convertthe output from Step 3in to the percentage
of people within each drought intensity class.

These steps are described in more detail below.

Spatial outputs of hazard intensity are generated
as part of the calculation of the Level 1 Indicator for
each of the four reporting years (see Section 1.2).
Population data for the corresponding years should
then be overlaid onto each of these outputs (see
example in Figure 10). Where population data are not
available for a year, data for the following year within
the reporting period should be used. For example,
for the 2016-2019 reporting period, if data are not
available for 2018 but are available for 2019, then
2019 data would be used for both 2018 and 2019. If
data for neither of these years are available, then the
most recent data within the reporting period should
be used, for example 2017. At least one suitable
population dataset within the reporting period must
be acquired to enable the reporting of the Level 2
Indicator. This may result in the same population
dataset being used for each of the four years if only
one dataset is available for any four year reporting
period. The data selected should fit the requirements
listed in Section 2.3.1.

Note that the Level 2 population data and the Level 1
SPI data should have the same coordinate reference
system and origin, or projection. The choice of datum
and projection is a national decision, but must be an
established spatial or coordinate reference system.
It is therefore recommended that each country use
its official coordinate system. For this purpose, data
can be re-projected where necessary. The chosen
projection system should be consistent across
reporting periods.

Sum the population for the full territorial area of the
country; this will give the total population for the
country. This should be done for each reporting year.
Record these data, as shown in Table 11 in the row
‘Total Population'.
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Here the population raster has been converted to circles in order to more clearly show the data.

Using the output generated in Step 1, calculate the
number of people that overlay each of the four drought
intensity classes separately for each year, and record
as in Table 11 in the columns labelled ‘Count’. Note
that there may be some of the population that are not
exposed to any class of drought intensity, and these
should be recorded in the row labelled ‘No drought'.

Statistical tools in Geographic Information System
(GIS) software such as Zonal Statistics’ in QGIS or
ArcGIS can be used to conduct population counts
based on the drought intensity classes defined by

the Level 1 Indicator. If such tools are not used or
available, the SPI and population data should be at
the same spatial resolution and on the same grid to
enable a per pixel calculation of exposed population.
Where data are not at the same resolution, either the
SPI or population data should be re-gridded.*" It is
recommended that re-gridding be based on the data
with the finer spatial resolution.

GDAL is an open source library of tools that can be
used for raster data analysis, including re-gridding data
using ‘gdalwarp’.#? GDAL can be used directly through
command line tools, programming languages such
as Python, or in open source software such as QGIS.

41 see for example: https://climatedataguide.ucar.edu/climate-data-tools-and-analysis/regridding-overview

42 https://gdal.org/programs/gdalwarp.html
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Use the sum of the total population (Step 2) to
calculate the percentage of people that lie within each
of the drought intensity classes for each year (see
Equation 2). Record these data, as in Table 11 in the
‘%" columns; this should be done for each year in the
reporting period.

. % ePopij
% ePop;;= Total population, *100

Equation 2 Equation to calculate the percentage of the
total population exposed (% ePop) to drought intensity
class (i) for each year ( j), where ePop is the sum of the
population exposed to drought intensity class i and Total
population is the total number of people in the Party s land
area for yearj.

Both the tabular data and the mapped spatial outputs
should be produced for Level 2 reporting. The extent
of the population exposed should be clearly visible on
the output maps for each reporting year, for example
using the circles shown in Figure 10.

2.2.2 Exposure to drought by sex

Where sex-disaggregated data are available, it is
recommended that country Parties derive the Level 2
Indicator for both sexes, alongside that for the whole
population. Thisis a simple calculation, producing the
percentage split between males and females within
each drought intensity class for each reporting year.

There are three basic steps required for the calculation
of this output:

1. Overlay sex-disaggregated population data onto
Level 1 spatial output (as derived in Section 1.2.2);

2. Calculate the number of people for each sex within
each of the four drought intensity classes; and

3. Convertthe output from Step 2 into the percentage
share between males and females for each

drought intensity class.

These steps are described in more detail below.

23,906,200 24,281,300 24,550,120 24,697,500
107,020 0.0 114,767 0.0 = 24550120 | 100 = 15123,605 61.2
18,359,965 76.8 2,698,206 | 10.7 0 0 9,335,683 37.8
4,298,522 | 179 9,614,157 = 393 0 0 231,969 0.9
1,101,441 4.6 5,059,895 & 20.9 0 0 6,243 0
39,252 0.1 699,4275 289 0 0 0 0
23,799,180  99.6 24,166,533 99.5 0 0 9,573,895 @ 38.8
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Using population datasets that also include sex-
disaggregated data (see the data requirements listed
in Section 2.3.7), overlay the sex-disaggregated
population data on to the spatial output derived for
the Level 1 Indicator (Section 1.2.2). Note that to avoid
discrepancies in population totals, population data
and sex-disaggregated data should be gathered from
the same source.

For each sex, calculate the number of people that lie
within each of the four levels of drought intensity as
given by the Level 1 Indicator. Record these data, and
using these counts, sum the total number of people
exposed for each drought intensity class and record
for each reporting year.

Using Equation 3 and the count data calculated in Step
2, calculate the percentage share of both sexes within
each of the four drought intensity classes; note that
the share within each drought intensity class should
equal 100%. These data can be recorded as in Table
11, with the addition of exposure by sex.

. % ePopi].k
% ePopy; = Total Pop exposed,; *100

Equation 3 Equation to calculate the percentage of the
population exposed (YoePop) to each drought intensity
class (i), where ePop is the number of people exposed
within each sex k for year j, and Total Pop exposed is
the total number of people exposed to drought for the
corresponding reporting year and drought intensity class.

Level 2 Indicator

Again, both the tabular data and the mapped spatial
outputs should be produced for the Level 2 national
reporting. The extent of the sex-disaggregated
population exposed should be clearly visible on the
output maps for each reporting year, for example
using the circles shown in Figure 10.

The steps outlined above will produce spatial outputs
and information at the grid-cell scale. These can be
aggregated to administrative and regional boundaries
if desired for further analysis, where local spatial
relationships between population, sex and drought
occurrence and/or intensity can be better quantified
and visualized.

2.2.3 Creating a gridded spatial summary of
the Level 2 Indicator for the reporting period

In addition to the Level 2 Indicator outputs described
above, a gridded spatial summary for the current
reporting period should also be produced. This
gridded spatial summary output gives an indication
of the number of people exposed to the most extreme
drought intensity class over the four-year reporting
period at the scale of the grid cell.

To summarize the reporting period spatially for
the Level 2 Indicator, the most recent population
dataset from the current reporting period should be
overlaid on to the Level 1 Indicator gridded spatial
summary produced in Section 1.2.5. For example, for
the reporting period of 2016-2019, population data
for 2019 should be used. Where these data are not
available, the next most recent year should be used,
e.g.2018,and so on.

The number of people exposed to each drought
intensity class should be clearly represented on the
summary map, for example using circles as shown
in Figure 11, or other approaches, such as bi-variate
choropleth maps,*® which would combine the drought
intensity class and population datain one legend. Note
that sex-disaggregated outputs are not required as
part of the summary output.

4 For example, see Strode et al. (2020) and this ‘how-to guide’: https://www.joshuastevens.net/cartography/make-a-bivariate-choropleth-map/
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2.2.4 Calculating the Level 2 Indicator for the
baseline period

This section describes how the Level 2 Indicator should
be calculated for the UNCCD baseline period of 2000-
2015, in line with the reporting requirements for all
strategic objectives included in the 2018-2030 Strategic
Framework. Calculating the Level 2 Indicator for this
period provides context for Parties to understand their
drought exposure over time for SO3 monitoring, as well
as for the other Strategic Objectives.

@® 150,000

Moderate drought

@ 250,000 @ 300,000

@ 200,000

Mild drought D No drought

The baseline period for the Level 2 Indicator should be
taken as a record of the status of drought exposure
over this period. The Level 2 Indicator is based upon
the Level 1 Indicator, which characterizes the drought
hazard. Drought is a periodic event, and climate
variability means it is possible drought may or may
not have occurred in either the baseline period or the
reporting period (see Section 1.2.6). Any observed
changes or trends in the proportion of the population
exposed to drought over this short timeframe should
therefore be interpreted with caution.

There are some instances when the baseline period (and any previous reporting periods) may need to

be recalculated; these are as follows:

If WMO guidance on the standard climate normal period is updated, the SPI should be recalculated
using this new standard as the reference period and the Level 1 Indicator re-derived for the baseline

in addition to any subsequent reporting periods.

If new and/or improved precipitation datasets used to calculate the SPI, and so the Level 1 Indicator,
become available, the baseline period and any reports from subsequent reporting periods should be

recalculated using the new precipitation dataset.

If new and/or improved population datasets used in the calculation of the Level 2 Indicator become
available, the baseline and any reports from subsequent reporting periods should be recalculated

using the new population dataset.

If the methodology for deriving or reporting the Level 2 Indicator for SO3 monitoring changes in

the future.
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The method of computation for the Level 2 Indicator
baseline is similar to that of the calculation of the
output of people exposed to drought for the most
recent reporting period, as described in Sections 2.2.1-
2.2.3. Asummary equivalent to that shown in Table 11
should be produced for the baseline period, tabulating
the exposed population for each of the 16 years in the
baseline period.

A series of four baseline exposure summary maps
also need to be provided alongside the tabular
output, equivalent to that outlined in Section 2.2.3.
To summarize the baseline period spatially for the
Level 2 Indicator for each four-year baseline period
(i.e., 2000-2003, 2004-2007, 2008-2011 and 2012-
2015), the most recent population data within the

2000-2003 Summary

Level 2 Indicator

four-year period should be selected. For example, for
the period 2000-2003, population data for 2003 should
be used. Where these data are not available, the
next most recent year should be used, e.g., 2002,
and soon.

These data should then be overlaid on to the gridded
spatial summary output produced for the equivalent
Level 1 Indicator baseline period; see Section 1.2.6
and Figure 7 for Level 1 Indicator summary output.
The number of people exposed to each drought
intensity class should be clearly represented on these
summary maps, for example using circles as seen
in Figure 12, or other approaches, such as bi-variate
choropleth maps, which would combine the drought
intensity class and population data in one legend.

2004-2007 Summar
R e

2008-2011 Summary

Population: @ 50,000 ® 100,000

. Extreme drought . Severe drought

@® 150,000

. Moderate drought

2012-2015 Summary

@ 200,000 @ 250,000 @ 300,000

Mild drought D No drought
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This section outlines the requirements of the data
needed for the calculation of the Level 2 Indicator,
along with two recommended datasets. For further
information on these and related data, see Pricope
etal. (2020).

2.3.1 Population data requirements

In order to ensure a consistency in quality and
comparability within and between Parties, datasets
used for the derivation of the Level 2 Indicator need
to meet a number of basic criteria.

1. Data should be spatially gridded or at a sub-
national resolution, i.e., at a spatial disaggregation
level that is policy relevant (e.g., administrative
boundaries; Sims et al., 2021; Pricope et al., 2020).

2. Data need to be spatially complete, covering the
full geographic extent of the country Party, with
limited missing data entries.

3. Dataneedto contain either a full-population count,
or a population density that can be converted to a
count.

4. Data need to have a temporal range within the
current four-year reporting period, along with a
resolution fine enough to capture change both
within and between the present and previous
reporting periods.

5. The data should use a consistent method of
mapping census-derived data. Methods of
data processing and data sources need to

Country-
official
estimates

= WorldPop
UNPD
estimates and
projections

Country
CIESIN; census
SEDAC;
EOSDIS Estimates

from UNWPP

45

be documented and validated, with a clear
methodology of how these data are derived and
the calculations used to produce the final counts
for each grid cell.

6. Parties should ideally exploit existing data
wherever possible, where the source data is
identified and the methodology of collation and
processing are clearly outlined, validated and
verified for accuracy and transparency (Sims et
al., 20217).

7. Where possible, and without detriment to the
other criteria outlined here, data should be
disaggregated by sex.

8. Data need to have an update frequency adequate
for representing changes between reporting
periods, and enabling them to be accessed in
future reporting years and so ensuring consistency
through time.

2.3.2 Recommended population datasets

A fine-scale/sub-national spatial dataset should be
selected, derived from either an official validated
national source, or where more appropriate a global/
regional dataset. There are a number of publicly
available, fine resolution population datasets available
at the global scale (e.g. see Pricope et al., 2020).
Many of these data meet the criteria outlined for the
national assessment of hazard exposure. Two of
these datasets, WorldPop and Gridded Population
of the World, version 4 (GPWv4), are summarized in
Table 12 and discussed.

2000-2020
3-arc globally
seconds and country Yes Annually
(~100m) | specific

years
30-arc 2000, 2005, Every
seconds 2010,2015 2010 only 5
(~1km)  and 2020 years

44 https://www.worldpop.org/

45 https://sedac.ciesin.columbia.edu/data/collection/gpw-v4
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WorldPop is a high-resolution global dataset
on population distributions, demographics and
dynamics. WorldPop's spatially disaggregated layers
are gridded at a resolution of 3 arc-seconds and 30
arc-seconds (approximately 100 m and 1 km at the
equator, respectively), and incorporate inputs such
as population census tables and national geographic
boundaries. The input data are modelled to produce
annual population estimates for the years 2000-
2020. A set of estimates adjusted to national-level
population predictions from the United Nations
Population Division (UNPD) are also produced for
the same set of years (Pricope et al., 2020). The
population estimation method used (known as
dasymetric mapping) is multivariate, incorporating a
high number of predictors. Itis, therefore, considered
to be ‘highly modelled’, and as a result can be tailored
to match data conditions and the geographical nature
of each individual country and region. The data are
also disaggregated by sex. Itis important to note that
the annual product covering the period 2000-2020
is unconstrained, meaning every pixel has equal
potential to host inhabitants. In reality, this is not the
case; e.g. in the unconstrained version, rural pixels
with no population might erroneously be coded as
inhabited in this dataset.*®

It should also be noted that utilization of such complex
interpolation models with sparse census data may,
in some cases, lead to highly uncertain population
estimates in some sub-national and rural regions.
In countries where a census has not taken place in
a long time, or where there have been substantial
changes due to migration, infertility, mortality etc.,
such uncertainty will be higher. WorldPop tries to
limit this uncertainty by employing a ‘bottom-up’
approach, utilizing local surveys and satellite-derived
feature extractions (WorldPop, 2020). Where census
data are more readily available, WorldPop employs a
‘top-down’ methodology, disaggregated from global
administrative unit-based census and projection
counts. As such, these estimates are in line with those
of the United Nations.

Level 2 Indicator

The Gridded Population of the World, version 4
(GPWv4) is a gridded, global population dataset
developed by the Centre for International Earth
Science Information Network (CIESIN) at Columbia
University. It has a spatially disaggregated layer
gridded with an output resolution of 30 arc-seconds
(approximately 1 km at the equator), incorporating
inputs such as population census tables and national
geographic boundaries, protected areas and water
bodies. The input data are weighted and extrapolated
to produce population estimates (counts and
densities) for the years 2000, 2005, 2010, 2015 and
2020. A set of estimates adjusted to national-level
population predictions from the United Nations World
Population Prospects report are also produced for the
same set of years. Raster (gridded) maps are available
for demographic characteristics including age and sex
for the year 2010 only.

In comparison to WorldPop, the population estimation
method of areal-weighting is relatively straightforward,
i.e., it can be considered ‘lightly modelled’, providing
fidelity to the input census data. The disadvantage
of using areal-weighting is that the spatial
disaggregation method leads to a high variability of
grid-level estimates. Consequently, for Parties where
the input (e.g. administrative) units are relatively large,
the precision of population estimates for individual
grids within that unit can be compromised (Doxsey-
Whitfield et al., 2015).

2.3.3 Use of national/regional population data
products

The freely accessible, global geospatial datasets
recommended here, i.e., WorldPop and GPWv4,
contribute significantly toward improving reporting
on SO3. Where feasible, Parties also have the option
to use their own/regional datasets. This may offer
some advantages, including providing data at a higher
resolution, less reliance on modelling approaches, and
validation based on local data collection leading to a
greater confidence in the outputs produced. As such,
Parties may feel that these datasets provide a better
representation of the population count within their
country, and reduce uncertainty related to global data
(Mondal and Tatem, 2012).

46 For more information see: https://www.worldpop.org/methods/top_down_constrained_vs_unconstrained
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Figure 13 sets out the recommended decision-
making process when assessing the suitability of
in-country (or regional) population data products
over the globally available products listed in Table 12,
for the derivation of the Level 2 Indicator. As with all
data types, national, regional and global population
products should not be considered mutually exclusive.
Rather, it is recommended that products be used to

cross-validate others to achieve greater confidence at
the national level and to understand any discrepancies
in data. It is the decision of each country Party as
to which dataset they use based on this analysis,
alongside data availability. Note that the provision
of sex-disaggregated data is optional, and the merits
of its inclusion should be considered alongside the
criteria outlined in Section 2.3.1.
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Whether a population suffers from water excess
or water deficit depends upon where it is located
geographically. Coupled with the Level 1 Indicator,
the calculation of the Level 2 Indicator establishes
who is exposed to drought based on their geographical
location, and the level of drought intensity experienced.

The output produced for the Level 2 Indicator is
purposefully simplistic. It gives a clear indication of
where a population is most likely to be subjected to
the direct effects of drought, and enables patterns
of drought exposure to be identified from the spatial
output. In this way, its interpretation is also relatively
easy to understand and should allow for a clear
assessment of where exposure to drought is most
prevalent within a country.

The figures associated with these spatial outputs
(e.g. Figure 10) can be used to quantify the number of
people, including information for both sexes, exposed
to each drought intensity class (see example in Table
11). The larger the percentage of a population that lies
within a particular drought intensity class, the more
people are exposed to the potential impact of that
class of drought intensity.

The baseline summary assessment of a population’s
exposure to drought provides an initial drought
exposure status, which will be added to with every
subsequent reporting period. As mentioned in
Section 2.2.4, caution should be exercised in the
interpretation of any changes or trends in the Level 2
Indicator due to the effect of natural climate variability
on the occurrence of droughts. In addition to this, the
expected natural increase of a Party’s population
should also be taken into account when assessing the
change in the number of people exposed to drought.

The quantification of drought exposure is an important
step in identifying the potential impact of drought upon
a Party’s population. By identifying the percentage of a
population’s exposure to each drought intensity class,
including specific population demographics, a Party
is able to assess where its population is experiencing
drought, and quantify both total and sex-disaggregated
population information at a spatial and temporal scale
relevant to practitioners and policy makers.

Level 2 Indicator

The methodology outlined here assesses exposure
in relatively simple terms with regard to population
and sex. However, there are additional factors
that could also be considered to provide means of
assessing drought exposure (IPCC, 2014b). A more
comprehensive measure of drought exposure may
take into account not only the spatial distribution
of the population, but other physical entities at risk,
such as agricultural yields, livestock counts, sectoral
water stress and vegetation type (Carréo et al., 2016;
Laurent-Lucchetti et al., 2019; Pricope et al., 2020).
Such factors play a part in recognizing that drought
increasingly impacts larger numbers of people,
livelihoods, ecosystems, and economies worldwide
(Sims et al,, 2021).

There are, however, additional considerations to be
made with the inclusion of such factors. Data that
describe these factors are not always as readily
available as population data at the global/quasi-
global scale, with coverage between countries often
being inconsistent. There are further limitations in
terms of both the spatial and temporal resolutions
at which data are available, i.e., data are too coarse
(e.g. national to regional-level data) or not frequently
updated. Therefore, whilst there are datasets currently
available for such factors, for example, from FAO
or the International Food Policy Research Institute
(IFPRI), they are often not available at a sub-national
scale, or coverage may not be complete for all country
Parties, therefore limiting their application within the
methodology of the GPG. At the national scale, there
may also be limitations on the capacity of Parties to
generate the necessary data. Pricope et al. (2020) also
note that many of these factors are not disaggregated
by sex, with such information often being unattainable.
Methods for integrating additional factors would
require further research and validation before
incorporation into the methodological framework set
out here, and this is discussed further in Appendix A.
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It is, therefore, important to balance the need for
simplicity against necessity in the calculation of the
Level 2 Indicator. In line with Decision 11/COP.14,
the UNCCD recommends at this stage to assess
drought exposure on human population data only.
Therefore, in this GPG, exposure is identified solely
where populations coincide with a drought intensity
class from the Level 1 Indicator. Proximal, or distant,
exposure to the hazard is not considered. The
simplistic calculation used here is unable to capture
levels of exposure outside of the hazard class
boundaries. This is a commonly accepted limitation
acknowledged in the literature (Christenson et al.,
2014; Naumann et al,, 2014; Carrdo et al., 2016). Due
to the complexities and dependencies within each
country, such criteria are difficult to apply universally

©Unsplash

and so, for the time being, the simpler approach is
recommended in this GPG.

Being exposed to drought also does not equate to
drought vulnerability. Within this methodology, the
two are considered mutually distinct. It should be
noted that the same status of the Level 2 Indicator —
whether at different locations within a single country
Party or between country Parties — may subsequently
lead to different levels of drought vulnerability due to
differences in economic, social, and environmental
factors. Itis, therefore, important that once exposure
has been assessed, country Parties move on to the
calculation of the Level 3 Indicator of vulnerability, as
outlined in Chapter 3.
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3.

LEVEL 3 INDICATOR

TRENDS IN THE DEGREE OF DROUGHT VULNERABILITY

This chapter describes the methodology, data sources, interpretation and
limitations of the Level 3 Indicator for assessing trends in the degree of
drought vulnerability of populations. When used in conjunction with the
Level 1 and Level 2 Indicators, this indicator can more comprehensively
address drought risk and the human component of SO3 outlined in
UNCCD 2018-2030 Strategic Framework.

The UNCCD definition of vulnerability, which is
contained in ICCD/COP(14)/CST/7 and sourced from
the 2016 Report of the Open-ended Intergovernmental
Expert Working Group on Indicators and Terminology
Related to Disaster Risk Reduction (A/71/644),4 is used
here: “the conditions determined by physical, social,
economic and environmental factors or processes,
which increase the susceptibility of an individual,
a community, assets or systems to the impacts
of hazards, such as drought.” In addition, Decision
11/COP.14 sets out that the Level 3 Indicator should
be a ‘composite index of relevant economic, social,
physical and environmental factors that contribute to
drought vulnerability’.

On this basis, a composite indicator, the Drought
Vulnerability Index (DVI), is proposed that incorporates
ssocial, economic and infrastructural components
that reflect the vulnerability of the population of an
individual country or region (Figure 14; UNISDR, 2004).
The DVIdoes not, at present, address the other aspects
of SO3, namely ecological or ecosystem vulnerability.

3.1 Summary

The assessment of drought vulnerability is essential
for the identification of underlying causes of drought
impacts, and in turn the development of appropriate
policy responses (ICCD/COP(14)/CST/7). However,
as outlined in ICCD/COP(14)/CST/7, “there is no
single metric or proxy that can adequately represent
the complexity of drought vulnerability, which means
that this indicator would need to be a composite of
the physical, social, economic, and environmental
factors contributing to community and ecosystem
vulnerability to drought, ideally collected at both
the national and subnational levels.” In response
to this, and in light of the scientific literature on the
topic of drought (and disaster) risk and vulnerability
assessments, this GPG proposes a composite
indicator to enable country Parties to monitor
trends in the degree of drought vulnerability of their
populations over time.

47 https://www.preventionweb.net/files/50683_oiewgreportenglish.pdf
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Social

Factors concerned with the well-being of
individuals, communities and society

Figure 14

Components

used to derive

the Drought
Vulnerability Index
(DVI) for the Level
3 Indicator

Drought
Vulnerability

Index

Economic

Factors highly dependent upon the economic
status of individuals, communities and nations

Factors representing the basic infrastructures
needed to support the production of goods
and sustainability of livelihoods

In assessing vulnerability, the scientific community
has generally taken two approaches in choosing
the components of such composite vulnerability
indicators. These two theoretical frameworks are:

a) the impact approach, which uses impacts as a
proxy of the vulnerability of a system; and

b) the factor approach, whichis of a more contextual
nature and uses a set of intrinsic socio-economic
and other factors that are considered root causes
of vulnerability to drought (Blauhut et al., 2016;
Vogtetal, 2018).

The former is more prevalent in climate change
adaptation communities, and the latter in disaster
risk reduction contexts. A hybrid model that combines
both the impact and factor approaches has also been
developed, which has some benefits — not least that
more robust validation has been applied, as reviewed
in Blauhut (2020). However, in the context of this
GPG, the hybrid model was not considered, mainly
due to the more complex mathematical and statistical
methodology (see Appendix A for more information).
Thus far, the factor approach methodology has been
more commonly used in the scientific literature
(Blauhut, 2020; Hagenlocher et al., 2019) and for
the purposes of this GPG it was considered more
methodologically straightforward and pragmatic,
and so is being recommended for Level 3 Indicator
reporting. The methodologies developed and
assessed by Naumann et al. (2014) and further

modified and expanded by Carrdo et al. (2016) and
applied most recently to agricultural systems by Meza
et al. (2020) have been drawn upon to provide the
composite indicator proposed here, which aims to
appraise vulnerability at the country level.

This composite indicator (DVI) captures both short-
term coping capacity and long-term adaptive capacity
of the population through the incorporation of three
components: social, economic and infrastructural
(Carrdo et al., 2016; Vogt et al.,, 2018; King-Okumu,
2019; King-Okumu et al., 2020). The DVI does not
include an ecological or ecosystem component, as
it is important that methods that have been applied
and validated at the global scale are recommended
in the GPG. Currently, only a small number of studies
have included an ecosystem component in drought
vulnerability and risk assessment studies, as
outlined in reviews by Gonzdlez Tanago et al. (2016),
Hagenlocher et al. (2019) and Blauhut (2020), and the
methodology presented in this GPG has, thus, only
been expanded to include ecological factors for global
agricultural systems (Meza et al., 2020). Furthermore,
there is no consensus in the literature on methods or
factors for ecosystem vulnerability assessments that
go beyond ecosystem services (that are by definition
more human than ecosystem-centric; De Lange et
al.,, 2010; Hagenlocher et al., 2018; Weillhuhn et al.,
2018). Future research is required on an ecosystem
component in order to properly fulfil the requirements
of the SO3 monitoring framework agreed in Decision
11/COP.14; this is discussed further in Appendix A.
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According to UNISDR (2004), the state of the social,
economic and infrastructural components, either at
the country level or for a specific region, reflects the
vulnerability of the population of the country or region,
respectively. Each of the three components of the
DVI presented here is represented by one or more
factors, which are observable or measured variables
available as global and/or national datasets. Due to
challenges around availability of country-level and/
or sub-national-level datasets and the capacity to
process data, this GPG has applied a similar tier
structure to that defined in the 2006 IPCC Guidelines
for National Greenhouse Gas Inventories, whereby ‘a
tier represents a level of methodological complexity’
(IPCC, 2006), the use of which was approved through
UNFCCC Decision 20/CP7.

Not to be confused with the tiered approach for
the establishment of an indicator and monitoring
framework for UNCCD SO3 as set out in Decision
11/COP.14, the three tiers of a vulnerability

Level 3 Indicator

assessment (VA) recommended in this GPG represent
increasing levels of methodological complexity and
data requirement for the calculation of the DVI (Figure
15) as follows:

+ Tier T VA — uses, at the minimum, one factor per
vulnerability component, represented by country-
level metrics;

« Tier 2 VA — uses more than one factor per
vulnerability component, where the factors are
represented by country-level metrics, with the
inclusion of sex-disaggregated data (where
applicable); and

- Tier 3 VA — uses more than one factor per
vulnerability component, where factors are
represented by sub-national metrics (which may
be gridded or for administrative regions), with
the inclusion of sex-disaggregated data (where
applicable).

I
Figure 15
Tiers of
vulnerability
assessment
recommended Tier 1 VA Tier 2 VA Tier 3VA
for calculation
of the Drought + Country level data + Country level data + Sub-national data
Vulnerability
Index (DVI) * Atleast1 facjt.or * Morethan 1 * Morethan 1
Country-level data per vulnerability factor per factor per
is a single value component vulnerability vulnerability
provided for the component component
hol . .
who'e country, * Disaggregated by « Disaggregated by
whereas sub-
national data are sex (where sex (where
data from smaller applicable) applicable)

spatial units within
the country

Increased complexity and sensitivity of the DVI for SO3 monitoring
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A key benefit to this tiered system is that Parties
are able to select an approach most suitable to
their current capacity to collect and process data
and/or data availability. The main drawback of the
system is that the smaller the number of factors
used, the lower the ‘sensitivity’ of the DVI, as
defined in ICCD/COP(14)/CST/7 and set in Decision
11/COP.14. Hence, when a Tier 1 VA is the best
approach for a country Party, it is recommended
that, if at all possible, the number of factors used to
derive the DVl is increased from the minimum three
factors recommended. All efforts should be made
over successive reporting processes to progress up
the tiers of VA, from Tier 1 to Tier 3, to enable Parties
to develop the most effective drought mitigation,
adaptation and resilience plans by increasing the

Do you have access to at least one
metric for each component?

NO YES

\

'sensitivity’ of the DVI and improving the granularity of
the assessment as advised in the Drought Resilience,
Adaptation and Management Policy (DRAMP)
framework technical guidelines (Crossman, 2019).
A simple decision tree is provided in Figure 16 for
Parties to use in order to determine which tier of VA
they should conduct and what the relative benefits
of each tier are in terms of the sensitivity of the DVI.

The factors proposed for each component in the DVI
are outlined in Figure 17, with the three recommended
for the minimum Tier 1 VA highlighted. The rationale
behind the choice of these three factors for Tier 1 VA
is outlined in Section 3.4.2, and for more information
about the recommended data sources for Tier 1 and
Tier 2 VA assessments see Table 14 and Section 3.3.

produced by

Use default global data
Joint Research Centre
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\
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A composite indicator is generally derived through a
mathematical combination of factors that determine
the outcome for the property in question (in this
case vulnerability) and that have no common unit
of measurement (Vogt et al.,, 2018). A composite
indicator is not, therefore, an absolute measure of
economic loss or damage to the society. The DVI
outlined in this section of the GPG is a relative statistic,
which, in the first instance, provides a snapshot of a
Party's socio-economic vulnerability to drought for the
reporting period. The vulnerability of a population is
shaped continually by attitudinal, behavioural, cultural,
socio-economic and political influences on individuals,
families and communities within a country (UNISDR,
2004). Changes can, therefore, be expected in the
value of the DVI over time. These may reflect the
efficacy of national or regional drought mitigation and

adaptation strategies and, in turn, help to inform future
plans for tackling vulnerability. The DVI will also evolve
through time due to a host of social and economic
changes completely disconnected with drought
management, and may be impacted by ecological
changes that are not accounted for within the DVI (as
explained above), so caution is needed in interpreting
and attributing changes in the DVI.

In the following sections, the methodology and data
sources selected to calculate the DVI are detailed,
along with the rationale for using the approach and
data sources. Guidance is provided on how individual
country Parties can utilize their own datasets to
enhance their assessments and progress through
the tiers of VA, as well as outlining the limitations of
the proposed approach.
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3.2 Methodology

In this section, the recommended method for
calculating the DVI for use in Level 3 Indicator reporting
is described. In summary, it is a three-step process:

1. Normalization of individual factors per component
(shown in Figure 17), as selected by a country
Party for inclusion in the DVI;

2. Calculation of the social, economic and
infrastructural components of vulnerability using
the selected normalized factors; and

3. Calculation of the DVI using the arithmetic mean
of the three components of vulnerability.

The UNCCD Secretariat, as directed under Decision
22/COP.11, will provide a global default dataset of
drought vulnerability to Parties that do not have data
available to calculate the minimum Tier T VA described
in this GPG (Figure 15). These data are described in
Section 3.3.2.

The first time the Level 3 Indicator is reported
to UNCCD, DVI values should be calculated
for the baseline period (i.e., 2000-2015)

and any reporting periods that follow. Guidance
on producing the baseline is provided in

3.2.1 Step 1: Factor normalization

In all tiers of VA, factors should be normalized
before they can be compared and aggregated, as
the vulnerability factors used are all measured using
different units.

The normalization method implemented here is
based on Naumann et al. (2014). However, whilst
Naumann et al. normalize data against all countries
in the study, here it is recommended that data are
normalized using the maximum and minimum
values within the country Party using all historic
data up to, and including, the reporting period. This
provides the largest range possible, ensuring that the
maximum and minimum values are representative
for the country (or as representative as possible; true
representativeness is dependent upon the number of
data points available) and without Parties needing to
obtain data for all countries — see Sections 3.4.3 and
3.5 for more information.

Each time the DVI is calculated to report the Level
3 Indicator, the factor range (i.e., the minimum and
maximum values) used to normalize each respective
factor should be recorded. If in future reporting periods
the minimum or maximum factor value is outside of
the range used in previous reporting processes, the
factor should be re-normalized using the new range,
and the DVI recalculated for the baseline period
and any previous reporting periods (as described in
Section 3.2.4) to ensure that the DVI is comparable
overtime.

Two equations are presented below to normalize the
vulnerability factors depending on the correlation
of the factor with vulnerability. Table 13 lists the 13
vulnerability factors recommended according to their
relationship with vulnerability.

Component Factors with a positive correlation with Factors with a negative correlation with
vulnerability vulnerability
Social Rural population (%) Literacy rate (% of people age 15+)
Refugee population (%) Life expectancy at birth (years)
Population aged 15-64 (%)
Government effectiveness
Economic Proportion of population below the GDP per capita
international poverty line Energy consumption per capita
Agriculture % of GDP
Infrastructure Proportion of population using safely
managed drinking water services
Total renewable water resources per capita
Cultivated area equipped for irrigation (%)
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Where there is a positive correlation/relationship
between vulnerability and the factor (i.e., if the factor
value increases, vulnerability also increases) the
data should be normalized using Equation 4. Where
there is an inverse relationship/negative correlation
between the factor and vulnerability, the data should
be normalized using Equation 5.

X-X .
Fact= —L——mn_
Xmax_Xmin

Equation 4 Equation to normalize vulnerability factors
with a positive relationship with vulnerability, where
Fact is the normalized factor, X is the factor value for the
current period i, and Xmm
maximum value of the factor from the start of the data

/X, 18 the historical minimum/

series up to and including the current reporting period.

X-X,,
Fact = 1 | 2" Zmin
Xm

Equation 5 Equation to normalize vulnerability factors

ax _Xmin

that have a negative relationship with vulnerability,
where Fact is the normalized factor, X is the factor value
for the current period i, and X, /X, . is the historical
minimum/maximum value of the factor for the period from
the start of the data series up to and including the current

reporting period.

The normalization process (using either Equation 4 or
Equation 5) means that all normalized factors (Fact)
will have a value between zero and one and are relative
to the historical maximum and minimum values within
country i (the reporting Party).

3.2.1.1 Normalizing sex-disaggregated,
sub-national and gridded data

For Tier 2 and 3 VAs it is recommended that
sex-disaggregated factors are used (where
applicable). Normalization of sex-disaggregated
data should be done in the same way as for factors
where only country-level data are available, i.e., one
number for the whole country, where Equation 4
and Equation 5 are used for factors positively and
negatively correlated to vulnerability, respectively.
X, will now be the current sex-specific factor value for
the country,and X, , and.X, . willbethe corresponding
minimum and maximum gender-specific historical
values for the period from the start of the data series
to the most recent date of data collection. Fact will
then give the normalized factor for the specific sex.

Level 3 Indicator

For a Tier 3 VA assessment, normalization would
follow the same process as already described
above, but for each of the spatial units used (e.g.
administrative level or grid cell, as applicable). In
this case, X, will be the current factor value for the
spatial unit, and X, and X, _are the minimum and
maximum values across all spatial units up to and
including the current reporting period. Fact will then
give the normalized factor for the given spatial unit.

3.2.2 Step 2: Component derivation

If only one factor per component of vulnerability (i.e.,
social, economic and infrastructural) is used, which is
the minimum Tier 1 VA, the normalized values derived
in Step 1 provide the values for Cyyciun Coconomic @Nd
Cinfrastructuran @d Step 2 should be skipped.

Where more than one factor is used for each
component, i.e., in the case of more extensive Tier 1,
or Tier 2 and Tier 3 VAs, each component is calculated
after each factor has been normalized. This is done
by calculating the arithmetic mean of the normalized
factors relevant for the given component, as shown
in Equation 6.

(Fact; + Fact, + Fact; +...+ Fact, )

i n
Equation 6 Vulnerability component (C) calculation, where
i is the component (social, economic or infrastructural),
Factis a factor used for calculation of component i, and n
is the total number of factors used.

An example calculation of the economic component
is shown in Equation 7. This equation sets out the
method using all four vulnerability factors for the
economic component (Figure 17). Parties should
ensure that the sum of the factors is divided by the
number of factors used in the calculation of each
component.

(GDP + Poverty + Energy + AgGDP )

Ceconomic = 4

Equation 7 Example calculation to calculate the economic
vulnerability component using all the recommended
economic vulnerability factors, where GDP is GDP per
capita, Poverty is proportion of population below the
international poverty line and AgGDP is Agriculture %
of GDP.
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3.2.2.1 Weighting of vulnerability factors and
components

In this GPG, the factors are all given equal weighting.
However, it is acknowledged that using equal
weighting for factors, although the simplest method
to apply, may not accurately reflect the importance of
one factor over another for the particular conditions
of a country. If a country Party knows which factors
are most relevant to their situation or has the capacity
to establish a weighting scheme, it is recommended
that these weightings are applied to the selected
vulnerability factors used in their calculations of
the DVI (e.g. Meza et al.,, 2020), in order to most
accurately represent their vulnerability to drought. See
Section 3.4.4 for more details.

Weighting has not been applied to the three
components of vulnerability in the methods described
here. It is acknowledged that no perfect weighting or
aggregation convention exists for such applications
(e.g. Arrow, 2012; Naumann et al.,, 2014). This is
discussed furtherin Sections 3.4.4 and 3.5.

3.2.2.2 Deriving components for sex-disaggregated,
sub-national, and gridded data

When calculating the components (Cypcian
Ceconomic and Cinﬁ’astructural) using a combination of
sex-disaggregated and non-disaggregated factors, as
will be the case for Tier 2 and 3 VAs, it is recommended
that the country Party derive the component for the
total population and each sex using the corresponding
normalized factors. This would eventually lead to a DVI
being calculated for each sex and the total population.

Where Parties use sub-national and gridded datasets
for a Tier 3 VA, the normalized factors for each
component would need to be overlaid (e.g. using
GIS) so that values for each of the three components
can be derived at the smallest common spatial scale
using the methods outlined above. In the instance
that data for a factor is not available at the smaller
spatial resolution, normalized country-level data
should be used.

3.2.3 Step 3: Calculating the Drought
Vulnerability Index

In all tiers of VA, the three components (Cypeial
Ceconomic and Cinﬁ’astructural) derived in the previous
steps should be used to produce the Drought
Vulnerability Index (DVI). The DVI is simply the mean
of the three drought vulnerability components (Carrao
etal., 2016), and is derived as shown in Equation 8.

_ (Csocial + Ceconomic + Cinfrastructura”

DVI
3

Equation 8 Calculation of Drought Vulnerability Index
(DVI) using social, economic and infrastructural
components.

The DVI will range from a value of 0 to 1, with 1 being
most vulnerable. A Tier 1 VA would result in one DVI
at country-level, per reporting period. For Tier 2 and 3
VAs, country Parties would calculate more than one
DVI, as explained in more detail in Section 3.2.3.1.

3.2.3.1 Deriving the DVI for sex-disaggregated and
sub-national, and gridded data

For both Tier 2 and 3 VAs, where sex-disaggregated
factors are used, it is recommended that sex specific
DVIs are also calculated, in addition to the country-
level DVI. Hence, a Party would report at least three
DVI values for each reporting period, i.e., for the
total, female and male populations. This level of
assessment will provide specific information on
which sex within the population is more vulnerable to
drought. Over time, Parties would therefore be able to
assess trends in vulnerability for each sex, as well as
the total population, as outlined above.

For Tier 3 VAs where sub-national or gridded
components have been derived, it is recommended
that the DVI be calculated, as shown in Equation 8,
for the smallest spatial unit used. The median DVI
across the country for the reporting period should
be reported to UNCCD. Parties could also use other
summary statistics (such as the minimum, maximum
and mean) to better understand the spatial variation
and range of drought vulnerability within the country
and over time.
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For Tier 3 VAs, where sex-disaggregated data are
available at the sub-national level or in gridded
format, we recommend that country Parties derive
DVI for separate sexes in addition to the population
as a whole, at the smallest spatial scale used. DVI for
each sex should be reported in tabular format using
summary statistics as described above for each
reporting period.

Spatial outputs should also be produced, at the spatial
scale used (i.e., grid cell, administrative area etc.),
to identify where the most vulnerable populations
are located for the total population, and each sex
individually. These outputs can be used to compare to
the baseline period (as described in Section 3.2.4), as
well as supporting targeted drought management and
planning activities. The DVI for each spatial unit should
be coloured using a continuous colour scale, whereby
the colours are assigned to DVI values on a linear scale
from one colour to another. There are many colour
scales available;* however, Parties should endeavour
to avoid colour scales that use red and green together
(including rainbow’ palettes) to ensure that those with
colour blindness can interpret the maps (e.g. Crameri
et al,, 2020). A continuous colour scale from green to

DVI=0
(not vulnerable)

Level 3 Indicator

purple has been used in the Land Degradation (SDG
15.3.1, 2001-2015) visualization in Trends.Earth,*
and as such it is recommended that Parties map
the DVI using a similar scale from green (0, not
vulnerable) to purple (1, most vulnerable) such as the
example shown in Figure 18.

3.2.4 Calculating the Level 3 Indicator for the
baseline period

This section describes how the baseline for the Level
3 Indicator should be established for the UNCCD
baseline period of 2000-2015, in line with the reporting
requirements for all strategic objectives included in
the 2018-2030 Strategic Framework. Calculating
the DVI values for the Level 3 Indicator reporting
for this period will enable comparisons with future
vulnerability assessments, thereby providing context
for Parties to understand their drought vulnerability
over time — i.e.,, whether it is decreasing, increasing,
or staying stable over time, for the purposes of SO3
monitoring, as well as providing context for the other
Strategic Objectives. Additionally, the baseline period
can be used to verify the sensitivity of the DVI.

DVI=1
(most vulnerable)

©Unsplash

48 For example see the guidance and examples provided here: https://colorbrewer2.org/# and
https://developers.arcgis.com/javascript/latest/visualization/best-practices/

4% https://developers.arcgis.com/javascript/latest/visualization/best-practices/
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The Level 3 Indicator baseline should be calculated the first time a Party includes Level 3
monitoring in national reporting to UNCCD.

There are some instances whereby the baseline period (and any previous reporting periods) may need to
be recalculated to ensure that the DVI can be compared over time in order to monitor the Level 3 Indicator:

When the maximum or minimum value of a factor change and the data are re-normalized;

When improvements in capacity and/or data availability allow Parties to move up the tiers of VA,
which changes the number of factors used in the DVI calculations; and

When a different dataset is used (e.g. the data source changes and/or improves, or a dataset used
previously is no longer available);

If the methodology for deriving or reporting the Level 3 Indicator for SO3 monitoring changes in
the future.

In these cases, the DVI should be recalculated from the baseline period to the current reporting period.
All the recalculated DVIs should then be reported to UNCCD in addition to those for the current reporting
period.

When the maximum or minimum value of a factor changes, the data should be re-normalized using the
methods described in Section 3.2.1.1, the component recalculated using the methods in Section 3.2.2
and the DVI recalculated using the methods shown in Section 3.2.3.

Where factors are added as a Party moves up the tiers of VA, datasets should be selected with records
that include the baseline period (i.e., 2000-2015) where possible.

Itis recommended that the factors and datasets used for each component of the DV, in addition to the
ranges used to normalize each factor, are documented by country Parties to ensure that the DVI, and

46

so the Level 3 Indicator, is comparable over time.

In order to calculate the baseline, the methodological
steps outlined in Section 3.2 should be completed for
each of the four-year intervals in the baseline period
(i.e,, 2000-2003, 2004-2007, 2008-2011 and 2012-
2015) at the tier of VA most suitable for the Party (as
discussed in Section 3.1); and in the case of a Tier 3
VA, the DVI should be mapped at the relevant spatial
scale (see Section 3.2.3.7).

Calculating four DVI values over the baseline period
also provides country Parties with the opportunity
to verify the sensitivity of their DVI (and the factors
used therein) against country data of socio-economic
impacts of drought for the same period. This in
turn enables a Party to adjust the combination
of vulnerability factors they are using in their

DVI calculations to better represent their overall
vulnerability (see Section 3.5 and Appendix A for more
information).

Itis reiterated that any future changes in the datasets
used will require recalculation of all DVIs from the
baseline period onwards, as outlined above. Parties
should endeavour to be thorough in their recording of
changes to datasets and related assumptions when
they either move up tiers of VA (and therefore use
additional factors), and/or change datasets used in
their DVI calculations. This is to ensure that when DVI
values are considered over time, the interpretation of
the trend in the degree of drought vulnerability for the
country continues to be comparable.

Good Practice Guidance for National Reporting on UNCCD Strategic Objective 3



Figure 19

Three main

criteria used for
the selection of
datasets for each
vulnerability factor

Where possible,
datasets that are
already being
used for existing
reporting activities
were prioritized

Table of
CONTENTS

3.3 Data sources

Figure 17 sets out the recommended vulnerability
factors for each component that should be used
to derive the Drought Vulnerability Index (DVI). The
selection of these factors is further explained in
Section 3.4.2.

The recommended data sources for each of these
factors were selected based on them meeting three
main criteria (Figure 19):

1. Be hosted by international organizations with a
mandate for data collection, maintenance and
regular update;

2. Be available for all countries (or, as many as
possible); and

3. Beopenly available.

This is in addition to those criteria set in Decision
11/COP.14 for harmonization/comparability,
sensitivity, readiness, disaggregation by sex and
adaptability (see Figure 2). Where possible, datasets
that are already being collected and used for existing
reporting activities were prioritized (Table 14).

By introducing the tiers of VA (Figure 15), Parties can
choose the best path to calculate their DVI based
on the data they have access to (Figure 16). This
system promotes ‘sensitivity’ and ‘adaptability’ for

Level 3 Indicator

country Parties, whilst encouraging improvements in
‘comparability’ and ‘readiness’ in line with criteria set
in Decision 11/COP.14.

Tier 1 and Tier 2 VAs, which require country level
statistics, are more readily available via the World Bank
Open Data database and the FAO Aquastat database.
However, globally available data for Tier 3 VA are limited
and, as such, Parties should explore the availability of
in-country (or regional) data, which enable sub-national,
sex-disaggregated vulnerability assessments.

The Tier 1 VA requires a minimum of three factors,
one for each component of vulnerability. The
recommended factors for the minimum Tier 1 VA
were chosen due to their use in the majority of the
scientific literature (Table 15) and use for other
reporting requirements such as Strategic Objective 2
(S02) and SDGs, and are as follows:

- Social: Literacy rate (per cent of people age 15 and
above), a version of this metric is used for SDG
indicator 4.6.1 reporting;

- Economic: Proportion of population below the
international poverty line, which is used in both SDG
indicator 1.1.1. and SO2 reporting; and

+ Infrastructure: Proportion of population using safely
managed drinking water services, which is used in
both the SDG Indicator 6.1.1 and SO2 reporting.

Openly
available

VULNERABILITY
FACTORS

Available
for all / most
countries
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This simple approach acknowledges the practical
challenges of access to data, analysis and reporting to
the UNCCD for SO3 monitoring. However, recognizing
the complexity of vulnerability, and the interplay
between adaptive capacity and coping capacity, no
one factor can truly represent societies’ vulnerability
to drought. Numerous papers in the scientific literature
have used anywhere between 15 (Carrdo et al., 2016)
and 64 (Blauhut et al., 2016) factors for their global/
regional assessments of drought vulnerability. The
13 factors introduced in (Figure 17), and further
elaborated on in Table 14, have been used in global
scientific studies, and, as such, it is recommended
that they should all be used where possible for a
more comprehensive assessment of vulnerability
under each tier of VA, as described in Section 3.2.
Where Parties have more informative or applicable
datasets to their own circumstances, these are
recommended as long as they meet the criteria
specified in Section 3.3.1. For Tier 3 VA, however,
many of the datasets in Table 14 are not suitable
as they are not available at the subnational scale.
Globally available datasets with potential for Tier 3
VA monitoring are described in Pricope et al. (2020).

‘©Unsplash

However, as many are not maintained and/or updated
regularly, they are not currently recommended for
Tier 3 VA, and, as such, in-country data may be more
appropriate.

3.3.1 Use of national/regional data products

Table 14 highlights potential datasets for the
calculation of the components needed to derive the
DVI. These data are freely available with an extensive
global coverage. Where a country Party has access
to in-country data with fewer gaps and a larger
historic range that can work as a close proxy for a
recommended dataset, then these should be used.
In addition, country Parties are encouraged to use
their own/region-specific datasets, which offer higher
spatial resolution and validation at the local level. As
such, these data may offer a more comprehensive
assessment of vulnerability, providing a better
representation of the socio-economic situation within
the country, and reducing uncertainty associated with
global data, and increasing confidence in the outputs
produced (Mondal and Tatem, 2012).
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Table 14
Complete list of recommended vulnerability factors to calculate the DVI at country-level

The minimum recommended factors for Tier 1 VA are highlighted with an asterisk (*). Taken together the factors listed here are
recommended for an extensive Tier 1 VA (without gender disaggregation) and for Tier 2 VA

Sex-
disaggregated Data
Factor Unit data available Notes
. Source
for Tier 2 and
3 VAs
*Literacy rate, adult total, World Bank
adult female, adult male % Yes Open Alternative dataset: SDG Indicator 4.6.1 %
(% age 15+) Data °0.51.52
Rural population o FAO . . .
(% of total population) % No Aquastats Available in the FAO Aquastat database
Life expectancy at birth (total, World Bank
. Years Yes Open
male and female, in years) Datg®s 575
World Bank The proportion of the population aged 15-64
Population aged 15-64 o should be derived using the total population®
0 . % Yes Open P 2 )
(% of total population) Datas®. 60,61 (or total male®*/female® population where
sex-disaggregated data are being used).*®
_gQiSr:Vaerfcke) Worldwide
Government effectiveness 9 No Governance Alternative dataset: SDG indicator 16.6.1°”
t0 2.5 (strong X o
Indicators
governance)
Refugee population (%, b Refugee population is available via the World Bank
gee popul % DY o World Bank Open Data database. Refugee population as a % of
country or territory of asylum) % No P . .
. Open Data the total population should be calculated using the
of total population 65
total population®

50" Literacy rate, adult total: https://data.worldbank.org/indicator/SE.ADT.LITR.ZS

5T Literacy rate, adult male: https://data.worldbank.org/indicator/SE.ADT.LITR.MA.ZS
2 Literacy rate, adult female: https://data.worldbank.org/indicator/SE.ADT.LITR.FE.ZS
53 https://unstats.un.org/sdgs/metadata/files/Metadata-04-06-01.pdf

54 http://www.fao.org/nr/water/aquastat/data/query

55 http://www.fao.org/faoterm/en/?defaultCollld=7 [Collection: FAOTERM, Entry: 56112]

6 Life expectancy at birth, total (years): https://data.worldbank.org/indicator/SP.DYN.LEQO.IN

57 Life expectancy at birth, male (years): https://data.worldbank.org/indicator/SP.DYN.LEO0.MA.IN
% Life expectancy at birth, female (years): https://data.worldbank.org/indicator/SP.DYN.LE0O.FE.IN
5% Population aged 15-64, total: https://data.worldbank.org/indicator/SP.POP.1564.TO

0" Population aged 15-64, male: https://data.worldbank.org/indicator/SP.POP.1564.MA.IN

1 Population aged 15-64, female: https://data.worldbank.org/indicator/SP.POP.1564.FE.IN

2 https://data.worldbank.org/indicator/SP.POP.TOTL

3 https://data.worldbank.org/indicator/SP.POP.TOTL.MA.IN

% https://data.worldbank.org/indicator/SP.POP.TOTL.FE.IN

5 The World Population Prospects (UNWPP) population datasets can also be used directly, though World Bank data are sourced from UNWPP as well as other

country and regional sources; https://population.un.org/wpp/Download/Standard/Population/
6 https://info.worldbank.org/governance/wgi/
7 https://unstats.un.org/sdgs/metadata/files/Metadata-16-06-01.pdf
%8 https:/data.worldbank.org/indicator/SM.POP.REFG

9" % refugee pop= ((total refugee population)/(total population)) x100
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Table 14 continued
Complete list of recommended vulnerability factors to calculate the DVI at country-level

The minimum recommended factors for Tier 1 VA are highlighted with an asterisk (*). Taken together the factors listed here are
recommended for an extensive Tier 1 VA (without gender disaggregation) and for Tier 2 VA

Sex-
; dlsaggrggated Data
Factor Unit data available Source
for Tier 2 and
3 VAs

Notes

*Proportion of population

SDG indicator 1.1.17

- - % of total World Bank Sex-disaggregation possible and recommended:
below the international ) No 20 e . ) ; )
overty line population Open Data Alternative: income inequality as outl|ned inthe
P UNCCD reporting process for SO2 Indicator 172
GDP per capita World Bank . . - 4
(constant 2010 USS) 2010 USS No Open Data” Alternative dataset: SDG indicator 8.1.1
Agriculture % of GDP o FAO ' . s
(Agriculture, value added) % of GDP No Aquastats Available in the FAO Aquastat database
Note that total energy consumption”’ (in quad
. Btu’®) is available via the Environmental Impact
GGl Kg per capita No World Bank Assessment (EIA). This could be converted to

equivalent per capita) Open Data’®

a per capita energy use by dividing by the total
population.®®

Joint
Monitoring Thisis SDG Indicator 6.1.1. Disaggregation by place
*Proportion of population Programme of residence (urban/rural) and socioeconomic
op pop o for Water status (wealth, affordability) is possible for all
using safely managed % Yes . ) : .
o . Supply, countries. Disaggregation by other stratifiers of
drinking water services e . : . ;
Sanitation inequality (subnational, sex, disadvantaged groups,
and Hygiene etc.) available only where data permit.*°
(UMP)”®
Cultivated area equipped for % No FAO Calculated by dividing the area equipped for
irrigation (%) ° Aquastat™ irrigation®! by the cultivated area®?
- )
Totalrenewable water mé/inhabitants/ No FAO o Available in the FAO Aquastat database®
resources per capita year Aquastat

70 https://data.worldbank.org/indicator/SI.POV.DDAY
https://unstats.un.org/sdgs/metadata/files/Metadata-01-01-01a.pdf
https://prais.unccd.int/node/7

73 https://data.worldbank.org/indicator/NY.GDP.PCAP.CD

74 https://unstats.un.org/sdgs/metadata/files/Metadata-08-01-01.pdf
http://www.fao.org/faoterm/en/?defaultCollld=7 [Collection: Organic agriculture Entry: 99393]
76 https://data.worldbank.org/indicator/EG.USE.PCAPKG.OE

Total energy consumption includes consumption of petroleum, dry natural gas, coal, net nuclear, and hydroelectric and non-hydroelectric renewable electricity.

It accounts for energy imports and exports; https://www.eia.gov/international/data/world/total-energy/total-energy-consumption.

https://washdata.org/data

80 https://unstats.un.org/sdgs/metadata/files/Metadata-06-01-01.pdf

81 http://www.fao.org/faoterm/en/?defaultCollld=7 [Collection: Water, Entry: 100468]

82 http://www.fao.org/faoterm/en/?defaultCollld=7 [Collection: FAOTERM, Entry: 22510]
83 http://www.fao.org/faoterm/en/?defaultCollld=7 [Collection: Water, Entry: 100429]
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However, if using in-country datasets to calculate
the DVI, these datasets should meet several basic
criteria in order to ensure consistency in quality across
reporting Parties and over time.

1. Dataneed to be given in the units specified in Table
14, or allow for conversion to these units. This
ensures that indicators remain generic and valid
for all country Parties.

2. Data need to have a relevant temporal range and
resolution, including a historical period in which to
calculate the baseline DVI, and normalize against.

3. Methods and data sources need to be documented
and validated, with a clear methodology of how
these data are derived and the calculations used
to produce the final figures for each dataset.

4. Data needto have an adequate update frequency
relevant to the dataset and the reporting period,
ensuring the option to use a similarly derived
dataset for future reporting years.

5. Where relevant, data should be able to be
disaggregated by sex.

6. For datasets that are at higher spatial resolution,
these data:

Where possible, should be at a sub-national
resolution, at a spatial disaggregation that
is policy relevant and actionable (Sims et al.,
2021; Pricope et al., 2020); and

Should be spatially complete, covering the full
geographic extent of the reporting country
Party, with limited missing data entries.

3.3.2 Default global data product

Where country Parties do not have data available to
calculate the minimum Tier 1 VA described in this
GPG (Figure 16), the UNCCD Secretariat, as directed
under Decision 22/COP.11, will provide a global
default dataset of drought vulnerability to Parties for

Level 3 Indicator

the baseline and first reporting period. The global DVI
has been produced by the European Commission
(EC) Joint Research Centre (JRC) and is based on the
methodology in Carréo et al. (2016).

The global DVI dataset can be viewed in the UNCCD
Drought Toolbox, which was developed following a
request at COP 13 to support drought stakeholders to
design National Drought Policy Plans.®* The Drought
Toolbox has three modules, one of which covers
drought vulnerability and risk assessment®® and
includes the Drought Risk Assessment Visualization
Tool.®¢ This tool hosts the pre-calculated DVI dataset.
The tool combines global drought hazard, exposure,
vulnerability and risk data for the period 2000-2018. All
of the data are provided by the JRC. The current DVI
dataset displayed in the Drought Toolbox is shown in
Figure 20 and was calculated using 15 vulnerability
factors as described in Carréo et al. (2016).

The method used to derive the pre-calculated DVI in
the Toolbox was drawn upon for the calculation of the
Level 3 Indicator in this GPG, and there are some key
differences in terms of the normalization method and
number of factors included.

The equations used for factor normalization
used in the Toolbox are the same as those used in
Section 3.2.1. However, for the pre-calculated DVI,
each factor was normalized using the global maximum
and minimum values, whereas the recommended
normalization method in this GPG is carried out using
the period of record data for each factor for the given
country. The normalization at the global scale, as
used in the pre-calculated DVI, means the resulting
vulnerability assessment is less sensitive to the local/
in-country situation than when the national range is
used, as described in Section 3.4.3.

The datasets used in the pre-calculated DVI are the
same as those recommended in this GPG, except for
two factors. The Toolbox includes ‘Disaster Prevention
& Preparedness (USS/Year/Capital)’ and ‘Global map
of Accessibility: Travel time to major cities’, which are
notincluded in this GPG; as explained in Section 3.4.2.

84 https://knowledge.unccd.int/drought-toolbox/page/about-drought-toolbox
85 https://knowledge.unccd.int/drought-toolbox/page/vulnerability-and-risk-assessment
86 https://maps.unccd.int/drought/
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Figure 20
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Country Parties will be given the option to use the pre-
calculated DVI from the Drought Toolbox or calculate
the DVI using the methodology described in this
GPG using global or in-country datasets. Where the
pre-calculated DVI is used, Parties would report the
same set of values for the baseline period and first
reporting period.

Where the default DVI data are used for Level 3
Indicator reporting, the median DVI across the country
should be reported to UNCCD for Level 3 reporting.
Note that this will be the median DVI for the whole
period 2000-2018, i.e., combining the baseline period
and the first reporting period. Parties could also use
other summary statistics (such as the minimum,
maximum and mean) to better understand the spatial
variation and range of drought vulnerability within the
country and over time.

The pre-calculated DVI is currently a static dataset for
the period 2000-2018. There is a planned update later
in 2021, which could be used in national reporting of
the Level 3 Indicator in future reporting processes.
However, it is recommended that efforts are made
over successive reporting processes to move up the
tiers of VA, as outlined in Section 3.2. In this case, the
DVI for the baseline period and the first reporting period
should be recalculated using the selected tier of VA to
ensure DVI values are comparable and the trend in the
degree of vulnerability can be assessed as described
in Section 3.2.4.

| wE i

Dromgat Vunarusssty

acan, LT i i o Ko, e e (8, Linar Ecrmemnty

3.4 Rationale and interpretation

3.4.1 Rationale for using DVI methodology

Decision 11/COP14 sets out that the Level 3 Indicator
should be a ‘composite index of relevant economic,
social, physical and environmental factors that
contribute to drought vulnerability’.

Within the literature there are a number of approaches
in quantifying vulnerability at various spatial and
temporal scales (e.g. see the recent reviews of
Hagenlocher et al,, 2019 and Blauhut, 2020).
Naumann et al. (2014) propose a composite DVI at
the Pan-African level, where the multidimensional
concept of vulnerability is divided into different
subgroups or components, these being renewable
natural capital, economic capacity, human and civic
resources, and infrastructure and technology. Within
these components are 17 representative variables,
with Naumann et al. assuming that a society with
institutional capacity and coordination, as well as with
mechanisms for public participation, is less vulnerable
to drought. The definition of the components is based
onthe relevance of each indicator (variable/factor) for
policy development and the entire statistical structure
of the data set.
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This methodology was further developed by Carrao
et al. (2016), where a framework is proposed for
mapping drought risk at the global scale. The study
sets out three components of social, economic, and
infrastructure factors of a region. Carrao et al. state
that the indicator within these component groups
must represent a quantitative or qualitative aspect of
vulnerability factors to drought (generic or specific to
some exposed element), and public data need to be
freely available at the global scale, ensuring that the
final result can be validated, reproduced, and improved
with new data.

Work by Meza et al. (2020) develops an integrated
assessment of drought risk for irrigated and
agricultural systems at the global scale, where
vulnerability is assessed through a socioecological-
system perspective, using socioecological
susceptibility and lack of coping-capacity indicators.
This essentially builds upon the work of Carrdo et al.
(2016) by tailoring the vulnerability index towards
regions where agriculture is more prominent, and, as
such, more vulnerable to drought.

For this GPG, a methodology that had been validated
and evaluated was required. The framework of the
method also needed to facilitate flexibility within the
use and number of factors, allowing for a more tailored
approach where data are not available or suitable for
assessment, as reflected in the recommended tier of
VA approach (see Section 3.2).

The framework set out by Carrdo et al. (2016) was
chosen as it meets these criteria. This framework
also follows that proposed by UNISDR (2004) for
drought vulnerability; that is, a reflection of the state
of the individual and collective social, economic and
infrastructure factors of a region at hand, in terms of

b
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their ability to cope with and/or reduce impacts of
droughts. As such, the methodology takes a global
approach that uses high-level factors of social,
economic and infrastructural indicators, collected at
both the national and sub-national levels. Multiple
facets of vulnerability are included that reflect short-
and long-term adaptive capacity, which it was felt
should be reflected in the vulnerability factors used
to derive the DVI.

It is important to note that vulnerability depends on
the context of the analysis, and the factors that make
a system vulnerable to a natural hazard will depend
on the nature of the system and the type of hazard
in gquestion (Cutter et al., 2003). Knowing the most
commonly used vulnerability factors is important in
the construction of common drought vulnerability
datasets (Gonzélez Ténago et al,, 2016) and the use
of the same set of factors by Naumann et al. (2014)
and Carrdo et al. (2016) is the starting point from
which we base the methodology presented here.
This framework, however, also allows for a degree of
flexibility, with the option of adding or removing factors
within components, based upon their availability and
relevance in assessing vulnerability for the country
Party (Naumann et al., 2014; Meza et al.,, 2020). The
additional factors (i.e., for extensive Tier 1, Tier 2
and Tier 3 VAs) were selected on the basis of their
use in the scientific literature (Table 15), if they were
considered critical to understanding vulnerability by
experts (Meza et al., 2019) or their inclusion in the
report by Pricope et al. (2020). Table 15 lists the
recommended factors against the publications in
which they were used, or cited as important. The
approach recommended in this GPG may also allow
for the addition of an ecosystem component for a
more integrated assessment in future, which is
discussed further in Appendix A.
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Review of factors used in previous drought risk and vulnerability assessment studies (including reports* and scientific studies).

Factor Carrao et al. Naumannet | Mezaetal.| Blauhutet | Crossman | Pricopeet | Mezaetal.
(2016) al. (2014) (2020) al. (2016) (2019)* al. (2020)* (2019)*
Agriculture
) Agriculture S0O3 systems
Focus of study Global Africa systems Europe monitoring and water
supply

Literacy rate (% age 15 above) v v v (e dut‘:gtion) v v v
Rural population (%) v v v v

v v
Life expectancy at birth v hélejtrf?z gd v v (aglr;‘;;‘glsre

public safety) only)

Population ages 15-64 v v v v ) v v v
(% of total population) (pozggt'on
Government effectiveness v v v v v v
Refugee population country/ v v v v v
territory of asylum (%) Sué‘p’;@tg;ly)

v

Proportion of population below v v (nati‘/onal &?g;?ﬁgg v M P?//DH S (nati{mal
the international poverty line ($1.25/day) ($1.25/day) poverty line) low wage Wealth?) poverty line)
earning)
GDP per capita (USS) v v v v v v v
. v v v
% v
Agriculture, value added (%) (% of GDP) (% of GDP) (% of GDP)
v
v (water
Energy use v v (electrlqty v supply:
5 q . production electricity
(kg of oil equivalent per capita) from production
hydropower) from
hydropower)
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Factor Carrao et al. Naumannet | Mezaetal.| Blauhutet | Crossman | Pricopeet | Mezaetal.
(2016) al. (2014) (2020) al. (2016) (2019)* al. (2020)* (2019)*
v v v v
Proportion of population using (% rural (population v v (population | 1 ation
safely managed drinking water population withoutaccess | (MmPproved (multiple v using safely without
. with access to ) water managed
services ) toimproved datasets87) S access to
improved water water) sources) drinking water clean water)
source) services)
. . v v
Cultivated area equipped for
irrigation (%) quipp (agricultural and v (irrigation by v v 4
9 4 irrigated land) country)
v v v
Total renewable water per capita (retained v (multiple 4 (% retained
renewable water) datasets)®’ water)

a Multidimensional Poverty Index (MPI) is a score composed of three dimensions: health, education and living standards to assess multidimensional poverty at the individual
level, where deprivation instead of possession is measured. The MPI was developed by Alkire and Santos (2014). Demographic Health Surveys (DHS) Wealth Index is a
composite measure of a household's cumulative living standard, based on data collected in DHS household questionnaire, on assets.

3.4.2 Rationale for choice of vulnerability
factors

The requirement for the Drought Vulnerability
Index (DVI) is that it “score highest on ‘Sensitivity’
and ... (has) the greatest capacity for ‘Gender
disaggregation” (ICCD/COP(14)/CST/7). Being a
composite indicator, this implies that the factors
chosen would need to score similarly to enable the
end-product, the DVI, to be of use to countries and to
work towards SO3: “to mitigate, adapt to, and manage
the effects of drought in order to enhance resilience
of vulnerable populations (and ecosystems)”, and
more specifically, in the case of this GPG, realize
“Expected impact 3.2: Communities’ resilience to
droughtis increased”.

Due to the practical challenges of implementing
this approach for regular analysis and reporting
to the UNCCD for SO3 monitoring, a minimum of
three factors — one representing each of the three
components (social, economic and infrastructural)
— have been recommended as the starting point
to developing the Index. It is therefore important

that the 'Adaptability’ criteria be applied in the near
future to ensure that the indicator is “re-evaluated
for appropriateness as monitoring and evaluation
efforts mature, for [its] usefulness in decision-making,
and because needs may change and scientific tools
improve” (ICCD/COP(14)/CST/7).

The three core factors that have been presented for
the minimum Tier 1 VA: Literacy rate (% of people
age 15 and above), Proportion of population below
the international poverty line and the Proportion of
population using safely managed drinking water
services were selected because they were identified
by experts as critical to understanding vulnerability
in agricultural systems and water supply (Meza et
al., 2019) and they have been used in the scientific
literature for global and regional vulnerability studies
(e.g.Naumann et al., 2014; Blauhut et al., 2016; Carrdo
et al., 2016; Meza et al,, 2020; see Table 15). These
data are also openly available to country Parties
(Table 14), the two latter datasets are used for other
reporting purposes, and all the datasets are hosted by
organizations/institutions with a mandate to collect,
maintain and update the data regularly.

87 For example, used multiple datasets to characterize this vulnerability factor.

88 https://dhsprogram.com/topics/wealth-index/Wealth-Index-Construction.cfm
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The recommended Tier 1 VA economic factor is the
Proportion of population below the international
poverty line, which estimates the proportion of the
population (%) living on less than $1.90 a day at 2011
international prices. It is the SDG 1.1.1 indicator and
is also used for SO2 reporting. People living in poverty
are more likely to live in areas and under conditions
that increase their exposure and make them more
susceptible to suffering from the impact of natural
hazards, while decreasing their coping and adaptation
capacities (Hagenlocher et al., 2019 supplementary
information 3; Winsemius et al., 2018). Hence, this
factor is positively correlated with vulnerability,
since by combating poverty, the vulnerability of the
population in general, and to drought, can be reduced.
This indicator provides fundamental information
for the elaboration of risk reduction and disaster
management strategies (Hagenlocher et al,, 2019;
supplementary information 3). The recommended
Tier 1 VA social factor, literacy rate (% of people age 15
and above), is the percentage of people ages 15 and
above who can both read and write, and understand,
a short simple statement about their everyday life.
The accumulated achievement of education is
fundamental for further intellectual growth, and social
and economic development. The term ‘literate women’
implies that women can seek and use information for
the betterment of the health, nutrition and education
of themselves and their household members, and
are empowered to play a meaningful role.®® As such,
this factor displays a negative correlation with the
vulnerability of the population, as a populace with a
higher literacy rate would be better equipped to cope
with drought and implement drought mitigation and
adaptation strategies. Finally, the recommended Tier
1 VA infrastructural factor, proportion of population
using safely managed drinking water services, is
SDG indicator 6.1.1, which reports the proportion of
a country’s population that has access to water that
is free of faecal contamination, is sourced from taps
and standpipes, groundwater extraction, protected

springs, and/or packaged water, delivered water and
rainwater, and is available when needed. The higher
the value of this variable, the more people are being
provided with safe water, which in turn, supports child
survival, maternal and child health, family wellbeing
and economic productivity. This variable is, therefore,
negatively correlated to vulnerability, and continuing
efforts to improve on this SDG indicator will directly
improve the resilience and coping capacity of the
population to drought.

Taken together, these factors, which represent
economic, social and infrastructure components
within the DVI proposed in this GPG, will provide a
highly simplified snapshot of a country’s socio-
economic vulnerability over time. The ‘sensitivity’ of
a minimum Tier T VA to reflect trends in the degree
of vulnerability of the country and the efficacy of
national or regional vulnerability mitigation and
adaptation planning over time will be limited for two
main reasons. First, due to the methodology proposed,
the components (which will each comprise of one
factor) will be equally weighted by default and, as
such, a factor dataset with a small range will have a
substantial influence on the component calculation
and the resulting DVI. Second, the use of only three
factors has not been scientifically validated. Hence, it
is recommended that country Parties strive towards
a more extensive Tier 1 VA, or, better still, move to
Tier 2 or Tier 3 VAs, which have been validated in the
scientific literature (Naumann et al., 2014; Carréo
et al, 2016; Meza et al., 2020). The remaining ten
vulnerability factors®® and their relevance to drought
vulnerability are outlined in the Definitions section of
this GPG.

The selection of vulnerability factors included in this
GPG was informed by Carrdo et al. (2016). However,
not all the vulnerability factors included in Carréo
et al. were used here, the reasons for which are
outlined following here:

89 https://data.worldbank.org/indicator/SE.ADT.LITR.ZS

90

i.e. % Rural population, Life expectancy at birth, % Population aged 15-64, Government effectiveness, % Refugee population, GDP per capita, Agriculture % of
GDP, Energy consumption per capita, Total renewable water resources per capita, % Cultivated are equipped for irrigation.
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+ Road density (km of road per 100 sg. km of land
area) was used as an infrastructure factor of
vulnerability in Carrdo et al. The Global Roads Open
Access Data Set (QROADS), v1 (1980 2010),”' GRIP
global roads database,”” or open Street Map data
provide the length of roads in countries, but was not
considered for inclusion here for two reasons:

- Itwasnot used in other studies, for example those
in Table 15; and

- The methodology to derive this information for a
country, or sub-nationally, is challenging.

- Disaster prevention and preparedness (USS/year/
capita) was used as a social factor of vulnerability.
It is the amount of funding that a country reserves
annually to prepare for and prevent disasters,
including, but not specifically related to, droughts.
Though it has been recommended in some of
the papers cited in Table 15, the dataset is no
longer available through the OECD as previously
used (which also had issues of data coverage in
the global context, only being relevant for OECD
countries). Broadly equivalent data may be available
on the EM-DAT International Disaster Database,
but it is not currently systematized in the same
way.” The use of SDG Indicator 1.5.2° could be
used if drought-specific information could be
separated from the total economic losses. However,
estimating economic losses due to drought can
be problematic (UNISDR, 2017), and the ease with
which drought-specific reporting can be introduced
would need to explored and validated.

3.4.3 Rationale for normalization
methodology

The normalization of vulnerability factors is done
using historical data ranges taken from the reporting
country Party only. This differs from the approach
taken by Naumann et al. (2014) and Carréo et al.
(2016), where the values are normalized against a
‘global’ or 'regional’ range. The departure from these
scientifically reported methods was necessitated by

Level 3 Indicator

the fact that country Parties would not have ready
access to global or regional datasets against which
to normalize over successive reporting periods, and
no other normalization techniques recommended for
development of indices (OECD and JRC, 2008) were
considered suitable for the application in this GPG.
Another issue with the ‘global’ normalization approach
is the use of a larger geographical extent or region.
The nature of the vulnerability factors means that
some countries are more sensitive to certain factors
than others. As such, defining a set of geographical
boundaries based upon a commonality between
countries adds a further element of subjectivity to
the method, along with the issue of comparative value
between these geographical regions, which in some
cases will be minimal.

3.4.4 Rationale for type of weightings applied
to vulnerability factors and components

Previous studies of drought or other hazard
vulnerability have weighted vulnerability factors
according to their contribution to overall vulnerability.
However as explained in Section 3.2.2.1, no weighting
is applied to individual vulnerability factors in this
GPG for the DVI: all factors have equal weight. Using
equal weighting for factors is the simplest method to
apply, though may not accurately reflect a countries’
vulnerability to drought (Crossman, 2019); this is
further discussed in Section 3.5. However, the choice
here to apply equal weights to factors is based on the
lack of agreed methods/conventions to weight factors
(Naumann et al.,, 2014) or a globally available dataset
of factor weightings.

Similarly, no weights were applied to components
due to the lack of an agreed weighting or aggregation
convention (e.g. Arrow, 2012; Naumann et al., 2014).
As weighting of components has a direct impact on
the value of the DVI, this process needs to be informed
by the importance of each component to the country
Party in question. As such, taking in to account the
purposes of this GPG, the methodology here specifies
the use of equally weighted components.

91
92
93
94

https://sedac.ciesin.columbia.edu/data/set/groads-global-roads-open-access-v1

https://www.globio.info/download-grip-dataset

https://www.emdat.be/

https://unstats.un.org/sdgs/metadata?Text=&Goal=1&Target=1.5
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3.4.5 Interpreting output DVI

The composite DVI used for SO3 monitoring here
provides an indication of whether countries are more
vulnerable (high DVI=1 value) or less vulnerable (low
DVI=0 value). Due to the methods used for factor
normalization (i.e., using in-country historic data), DVI
values should not be compared between countries.

Individual, normalized vulnerability factors and/or
social, economic and infrastructural components can
be evaluated by country Parties, to identify the root of
their vulnerability to drought. Extensive Tier T and Tier
2 VAs offer an advantage over the minimum Tier T VA
in this case, providing more context to vulnerability
assessments and helping with targeting of mitigation
and adaption plans. The Tier 2 VA can provide gender
disaggregated vulnerability assessments that are
critical to identifying disparities between gender
classes. The Tier 3 VA can provide additional sensitivity
by highlighting vulnerability hotspots (spatially and

e
> — ey
e

by gender class where applicable) within a country,
meaning mitigation and management activities (e.g.
King-Okumu, in preparation) can be targeted to those
most vulnerable, and when considered with the Level
2 Indicator, most exposed to drought.

The DVI values used for Level 3 Indicator reporting
for the baseline provide a record of past vulnerability
to drought against which future vulnerability can be
compared, enabling Parties to assess whether the
degree of vulnerability has increased, decreased or
remained the same over time. For extensive Tier 1,
Tier 2 and Tier 3 VAs, it may be possible to see if any
mitigation or policy changes have reduced overall
vulnerability to drought during the same period.
Note that if using the global default data described
in Section 3.3.2, only the median DVI value for the
period 2000-2018 as a whole is reported, meaning it
will not be possible to assess change in vulnerability
between the baseline period and first reporting
period.
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3.5 Comments and limitations

The DVI proposed in this GPG has been derived using
methodologies and global datasets that have been
verified and validated for the geographical scales at
which they were applied (Naumann et al., 2014; Carréo
et al,, 2016; Vogt et al., 2018). However, this method
has not yet been validated at the local or national
scale, and, as such, may not accurately characterize
vulnerability at these scales, either in terms of the
factors that are most relevant to each country or the
most effective factor weighting scheme. As outlined
by Gonzalez Tdnago et al. (2016), and later by Blauhut
(2020), there are still areas around the globe where
drought vulnerability and risk assessments have yet
to be done.

As discussed in Section 3.4.3, the method of
normalization that has been proposed is appropriate
for within-country comparison, so that over time the
trend in the relative degree of drought vulnerability for
the country can be assessed, and progress towards
achieving SO3 can be determined for the country
Party. Comparisons should not be made between
countries at regional or global levels, because the
factors have not been normalized using the same
range of data. In addition to this, where the range of
data used for normalizing factors is small (perhaps
due to missing or short records of data), there is the
potential for small changes in the dataset over time
to cause large changes in the DVI, which is especially
problematic for minimum the Tier 1 VA where only
one factor per component is used to calculate the
DVl value. Therefore, Parties who need to start at the
minimum Tier 1 VA are advised to use datasets with
large data ranges.

Another point to consider is the distribution of the
factor data. Ideally, data for each factor should be
normally distributed (i.e., have a Gaussian distribution)
across its range for use in the normalization method
described in Section 3.2.1. However, transforming data
to fit a normal distribution prior to the normalization
step was not included in this GPG. This was because
an understanding of the characteristics of a factor’s
data distribution (which could vary according to
each factor and for each country) is required in
order for a suitable method of transformation to be
chosen. However, where capacity exists, Parties may
choose to transform the distribution of data for each

Level 3 Indicator

factor (where appropriate) to a normal distribution,
before following the steps outlined in Section 3.2.1
to normalize factor data. Statistical tests can be
used to summarize the distribution of each factor,
and, following this, a suitable transformation can be
applied. See, for example, Heumann et al. (2016), the
R programming language ‘bestNormalize’ package
and accompanying documentation®® or other online
materials®® for examples of appropriate methods for
the characterization and transformation of data.

As explained in Section 3.3, the factors that are
available to calculate the DVI vary in availability,
periodicity and geographical range. There may still be
some country Parties that are unable to access all the
factors recommended here (Table 14) or find similar
metrics, which is why the tiers of VA allow flexibility
in the number and combination of vulnerability
factors. However, the ‘'sensitivity’ of the DVI to SO3
monitoring, as defined in ICCD/COP(14)/CST/7, will
be lowest for a minimum Tier 1 VA (i.e., with one
vulnerability factor per component). Where Parties
need to use the default global DVI data, as described in
Section 3.3.2, their ability to compare their DVI values
over time will be affected if they decide to revert to the
datasets that are either recommended in this GPG or
to proxies in future reporting processes. Recalculation
of all DVl values from the baseline period onwards will
then be required. In addition, Parties may find that the
global DVI estimation is less sensitive in assessing
the local conditions than if the DVI were calculated
using country-level data and the methodology
recommended in this GPG.

It is important to reiterate that no weighting was
given to vulnerability components, as explained in
Section 3.2.2.1 and Section 3.4.4. This decision was
made because any weighting will affect the final DVI
value for the country, and the importance of each
component will vary from country to country. The
purpose of this GPG is to provide a DVI methodology
that is suitable for SO3 reporting across all countries
and at present there is no consistent approach to
weighting components in the scientific literature (e.g.
Naumann et al., 2014; Carrdo et al,, 2016; Hagenlocher
etal., 2018; Meza et al., 2020).

To further improve ‘sensitivity’ of the DVI to SO3,
incorporation of one or more of the following
suggestions could be considered:

9 https://cran.r-project.org/web/packages/bestNormalize/vignettes/bestNormalize.html
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e.g. https://www.openintro.org/book/os/
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Follow the progression through the tiers
of Vulnerability Assessment presented in
Section 3.2. If available, the use of local, gridded
datasets, comparable to broader datasets and
which are better able to capture local patterns
or variability across geographies, sectors and
populations so that hotspots of vulnerability can
be identified, is recommended (Naumann et al,,
2014; Vogt et al.,, 2018; Crossman, 2019; Pricope
et al,, 2020). However, it is also recommended
that the underlying assumptions employed in
selecting comparable datasets be made explicit
in all reporting in order to ensure transparency
and increase ‘comparability’ (Gonzélez Tanago
et al,, 2016). The involvement of experts and
stakeholders in determining the specific factors
and sectors most affected by drought at the local
level is also important. Furthermore, it is advised
that simple qualitative or statistical correlation
analyses be conducted to determine multi-
collinearities between any new factors added
and those on the recommended list (Table 14;
Hagenlocher et al., 2018; Meza et al., 2020). If
collinearities exist between two or more factors,
then a judgement will need to be made as to
whether the factor should be retained on the basis
of its relevance to the vulnerability assessment.

Involve the most vulnerable populations and
underrepresented groups (e.g. indigenous
groups) in the determination of the factors to
be used to calculate the components (King-
Okumu et al., 2020). Although the inclusion of
rural population as a social factor includes one
possible vulnerable population, a country Party
should aim to include other sub-national data
that can improve spatial resolution. Furthermore,
engaging underrepresented groups in the
validation exercise is another way of improving
the ‘sensitivity’ of the index.

Use statistical methods or expert judgement and
on-the-ground validation for weighting of factors
and/or components. The methodology proposed
in this GPG does not weight vulnerability factors or
components, as this requires in-depth knowledge
of the system and differs from country to country
and from region to region.

Meza et al. (2019) have made advances in the
weighting of factors. Through consultation with 78
experts, from academia and governments around
the globe, they have developed a list of the most
relevant indicators and related weightings for the
agriculture and water supply sectors. However,
expert judgement for weighting is constrained by
the availability of such experts and/or resources

to compile opinions more generally. Statistical
weighting methods, for example, using Principle
Components Analysis (PCA), are recommended
by Crossman (2019), but these are dependent on
the availability of resources and data to undertake
such exercises. If a Party is able to undertake an
exercise to weight factors used in their DVI, the
underlying assumptions need to be made explicit
in reporting (Gonzéalez Tanago et al., 2016).

In the case of component weighting, at present
thereis no globally agreed convention on weighting
or aggregation for index-based methodologies (e.g.
Naumann et al., 2014; Hagenlocher et al., 2018;
Meza et al., 2020). A country Party may choose to
weight each component based upon their relative
importance in the calculation of the DVI, as outlined
in Naumann et al. (2014). Component weighting
will influence the value of the DVI, and as such
should be applied to all reporting processes and
be stated explicitly in their reporting.

. Verify and validate the DVI values for the

baseline period against drought impact data,
where possible. If drought-related impacts have
been quantified, these can help provide further
improvements in the composition of a Parties DVI
(Karavitis et al., 2014; Blauhut, 2020; Meza et al.,
2020). It is acknowledged that data on drought
impact is not widely collected and that it is not
always easy to identify the impacts of drought
compared to other hazards (Blauhut, 2020;
Meza et al.,, 2020). Still, where possible, Parties
are encouraged to undertake simple qualitiative
comparisons of their baseline period DVIs to on-the-
ground drought impacts — in the future, harmonized
protocols for ground-truthing and validating
vulnerabilty assessments could be developed.

Anote of caution is necessary on the use of indices
such as the Multidimensional Poverty Index (MPI)
and the Demographic and Health Survey (DHS)
Indices for wealth. These indices bring together
factors that are considered to influence or
contribute to a theoretical concept (for example,
poverty, health, etc.) so that a complex problem
can be reduced to a simple statistic. As quoted
in Hinkel (2011), “On one hand, we use indicators
because issues are complex and indicators reduce
this complexity by describing complex systems in
simple terms, at best in terms of single numbers.
On the other hand, the very meaning of complexity
is non-reducibility.” Hence, in using these indices
within the DVI, the ‘sensitivity’ is possibly being
further reduced. It is, therefore, imperative that
further examination of the effect of using indices
within the DVI be examined.
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APPENDIX A

Opportunities for the future versions of SO3 Indicators

This appendix outlines how the indicators described
in this GPG could be developed and improved in the
future to more effectively monitor progress towards
SO3. It also presents the science required in order
to implement such changes. The progressive
improvement of the global indicators and monitoring
systems should be undertaken through continuous
engagement with the UNCCD country Parties.

This appendix also aims to set out some potential
ways forward given existing gaps, the state-of-the-art
and current and emerging directions in the scientific
literature. It sets out to open up, encourage and inform
future debates, rather than advance a particular
direction or formal roadmap’ for change. The direction
of future SO3 reporting, which is subject to a wide range
of practical considerations, will be discussed and
agreed by the UNCCD country Parties, as appropriate.

For each of the selected indicators and their overall
application presented in the SO3 GPG, there are
undoubtedly improvements that could be made in
both the near- and long-term. The following sections
consider the potential future evolution of SO3 reporting,
focusing on near-term developments that could be
prioritized. This is necessarily a constrained forward
look, rather than a comprehensive appraisal of future
developments in drought risk assessment in general.

We give greater weight to considerations of available
global datasets and indicators to better characterize
the drought hazard (i.e., the Level 1 Indicator), because
there is greater scientific consensus in this area and
immediate practical ways forward are available.
Moreover, the scope of this indicator determines
how the exposure to the hazard should be conceived
and measured. The definition of vulnerability factors
should then be relative both to the nature of drought
hazard(s) and to the exposure of populations and
ecosystems.

Generally, for future development of this GPG, only
indicators that are generic and valid for all country
Parties should be considered, so as to promote
harmonization across Parties and to ensure reliability
in the methods developed. The integration of

additional facets of exposure and vulnerability factors
would require additional work to undertake testing and
validation before implementing.

Broader context and background

Drought monitoring and risk assessment are rapidly
evolving areas of science (see, for example, the
reviews of Bachmair et al., 2016a; Blauhut, 2020),
and while there are some areas that are relatively
‘standard practice’ (e.g. the Lincoln Declaration
for Meteorological Drought Monitoring; Hayes et
al, 2011), there are otherwise wide divergences in
the approaches taken in the research and applied
literature — particularly for drought vulnerability
assessments. In setting out this GPG, we have
recommended a pragmatic approach that balances
the current state-of-the-art, validated and scientifically
reviewed methodologies and data availability, on
the one hand, with the need for relative simplicity
and global applicability on the other. This appendix
considers some of the limitations and gaps in the
present approach set out in this GPG, and ways
forward emerging from current and near-future
scientific developments.

Alongside the evolution of science, other relevant
factors affecting the scope for the global indicators
concern the increasing availability of global datasets
through the SDG reporting processes. There will be a
need to work with Parties and with the custodians of
the various emerging national and global datasets to
identify additional factors that could be used in future
iterations of SO3 monitoring.

Efforts have been taken in this GPG to recommend
methods that include sex-disaggregated assessments
of exposure and vulnerability, and this will be important
for future GPG iterations and reporting processes.
However, Pricope et al. (2020) note limitations in data
available to support the desirable levels of additional
gender disaggregation. The pre-processing of data
to achieve this requires an extra level of technical
capacity in some cases, and ways to build this
capacity need to be taken in to account.
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Level 1: Drought hazard

To address the limitations of the current approach
recommended for SO3 Level 1 Indicator monitoring
outlined in Section 1.5, it is recommended that the
base meteorological drought index used should
incorporate evapotranspiration, noting, however,
that this would require endorsement by WMO and
NMHSs. Furthermore, in order to fully assess drought
hazard, other drought types should be included in the
assessment of hazard under Level 1 monitoring in
the future. Within the context of this SO3 GPG, Parties
may utilize existing national indicators compatible
with their capacity to monitor and assess other types
of droughts (for example, agricultural and hydrological
droughts). However, where such capacity does not
exist, assessments of agricultural and hydrological
droughts at the global scale require specialist
datasets, the availability and development of which
are discussed below.

Meteorological drought monitoring

As noted in Section 1.5, evapotranspiration is a
fundamental water cycle component that is pivotal
for drought assessment. Its lack of inclusion places
a major constraint on the sensitivity of the Level 1
Indicator at present. We therefore recommend the
inclusion of evapotranspiration as a top priority for
assessment of meteorological drought — noting that
it is a key variable for assessment of agricultural,
hydrological and ecological drought.

We recommend that the Standardized Precipitation
Evapotranspiration Index (SPEI) be adopted in the
future as the basis for Level 1 Indicator monitoring,
which would incorporate evapotranspiration,
specifically, incorporating potential evapotranspiration
(PE). Given its simplicity and format, it could be readily
incorporated in the same way as SPI at present. The
barrier is in adopting a suitable evaporation dataset
at the global scale. Given the lack of directly observed
datasets of evaporation, PE is normally estimated
from meteorological datasets (e.g. temperature,
radiation, wind speed and so on) or inferred from
hydrological or land surface models.

There is a long-standing debate in the scientific
literature concerning the most appropriate formulation

to use. The physically based Penman-Monteith
(PM) formulation is preferred but requires a wide
range of meteorological inputs that are not readily
available on a global scale. This has led to widespread
adoption of simpler, empirical temperature-based
methods, of which there is a broad range (e.g. the
Thornthwaite and Hargreaves formulations). Different
temperature-based methods and the PM approach
can all yield significantly different outcomes, even on
a catchment scale (e.g. Oudin et al., 2005), and these
differences become problematic at the global scale,
making harmonization of methods and approaches
challenging.

Moreover, the difference between PE assessment
methods becomes of paramount importance in
the context of anthropogenic warming. The last
decade has seen vigorous debate on the evidence
for observed anthropogenic climate changes in
drought at the global scale, with some studies
suggesting significant increases (Dai, 2011a,2011b),
and others providing evidence to the contrary (e.g.
Sheffield, Wood and Roderick, 2012); see also the
summary of this debate by Trenberth et al. (2014).
These divergent trends are largely due to the drought
indices and different evaporation formulations
used. This has implications for the selection of an
appropriate indicator for quantifying drought hazard
under contemporary and future conditions. Several
studies highlight the sensitivity of future drought
evolution to the PE formulation used (e.g. Orlowsky
and Seneviratne, 2013; Dewes et al., 2017) and
other methodological considerations (e.g. the role
of plant physiological changes in an increasing CO,
environment; Prudhomme et al., 2014; Dai et al.,2018).

In terms of current global availability, a monthly
updated global SPEI monitor based on the SPEI
using the Thornthwaite formulation is available.®” For
longer-term applications, an SPEI database using
PM is available up to 2019 using the CRU_TS gridded
meteorological data,” but this is not routinely updated.
Global reanalysis products (e.g. NCEP/NCAR: Kalnay
et al., 1996; ERA5: Hersbach et al., 2020) can, in
principle, provide the variables needed for the PM
formulation with an acceptable latency for a four-year
reporting process for SO3 monitoring, but such global
datasets have significant uncertainties and have not
been fully appraised for their suitability for global PE
estimation to support drought index calculation.

97 https://spei.csic.es/map/maps.html

98 https://spei.csic.es/database.html
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In summary, we recommend future investigations to
appraise suitable PE data pipelines for incorporation
into an SPEI based variant of the current Level
1 Indicator. Pricope et al. (2020) have reviewed
currently available global temperature datasets, but
there remains a need for an intercomparison and
assessment of PE based on these datasets. This
should be done alongside PM-based estimation
using estimated or reanalysis-based products
outlined above. In all cases, the uncertainties of
these approaches must be considered as well as the
practicalities of application.

Agricultural drought monitoring

As noted in the drought definition in Box 1, ‘agricultural
drought’ can be taken as a broad term, embracing both
the hazard (primarily through soil moisture) as well as
impacts (e.g. impacts on crop growth). Soil moisture is
a fundamental variable for assessment of agricultural
drought, as well as being key for understanding
propagation from meteorological to hydrological
drought. In situ soil moisture observations are
generally very limited in their spatial coverage — while
detailed monitoring campaigns are common at a field
to catchment scale, and some national observatories
exist, there are no large-scale international archives.
For global applications, soil moisture datasets are
typically based on earth observations (EO), using a
range of satellite retrievals, or hydrological model or
land surface model outputs (e.g. Cammalleri et al,,
2017). Some products use a combination of these
sources, blending EO and model outputs. This is
beneficial as both sources have inherent limitations:
satellite retrievals typically only sample a very narrow
surface layer and are affected by vegetation and
other confounding factors; large-scale models are,
inevitably, subject to many uncertainties.

Future work should appraise current EO and model-
based soil moisture products for their potential
inclusion. These datasets are routinely used in some
global drought-risk mapping initiatives by UNDRR,
JRC, IPCC and others. However, global soil moisture
datasets from EO or hydrological/land surface
models are subject to major limitations and there are
significant barriers to their application on the ground. A
review of both ground-based and satellite soil moisture
products, and their various strengths and weaknesses,
is provided by Peng et al. (2017) and Babaeian et al.
(2019), while Peng et al. (2021) consider the state-
of-the art and advances in satellite soil moisture on
the horizon. Future work should also appraise the

Appendix A

suitability of soil moisture indices for application in
the GPG. There are many soil moisture indicators
and specific indices that have been proposed for
drought monitoring, including various versions of
a Standardized Soil Moisture Index (AghaKouchak,
2014; Carrdo et al., 2016). While these and other
approaches to quantifying anomalies may be readily
integrated into the scheme used for the current Level
1 Indicator, there are many other ways of representing
soil moisture status relevant for particular purposes
(e.g. soil moisture deficits, as commonly used in
agricultural and hydrological applications), which may
be more meaningful. Agricultural drought monitoring
would also benefit from appraisal of datasets and
indices dealing with vegetation conditions, which are
a readily monitored indicator from space. Vegetation
condition can be used as a hazard indicator but also
an ‘impact’ indicator (e.g. Bachmair et al., 2018) and
could, therefore, also be useful for exposure and
vulnerability appraisal. A number of optical earth
observation missions are available and numerous
vegetation indicators, notably the NDVI, Vegetation
Condition Index (VCI) and Vegetation Health Index
(VHI) are available and have been tested to determine
suitability for drought impacts monitoring at national
to continental scales (e.g. Bachmair et al., 2018).
Vegetation indicators such as these are central to
national and regional drought monitoring across
North America and Europe, and most parts of sub-
Saharan Africa as well as in other drought-affected
regions. These datasets and indices would also be
advantageous for ecological drought monitoring.

Hydrological drought monitoring

Hydrological drought depletes river flows and ground
water levels, and is one of the mechanisms through
which drought impacts manifest themselves most
severely on societies and ecosystems. Indicators
for hydrological drought are readily available and
widely used in research and practice (e.g. see the
review of Van Loon, 2015). A Standardized Runoff
Index (for modelled gridded runoff) and Standardized
Streamflow Index (SSI) have been proposed and are
increasingly widely used for monitoring and risk
assessment. A major limitation for the characterization
of hydrological droughts is the availability of adequate
global data sets of hydrological variables. Given acute
barriers to data exchange (Viglione et al., 2010), even
regional or continental-scale databases of streamflow
are limited and generally not fit for purpose for
hydrological assessments at global scales (Hannah
et al, 2011). While there has been significant effort
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invested in collating global datasets (notably the
Global Runoff Data Centre (GRDC)®?) and making them
available (e.g. the GISM archive; Do et al., 2018), these
arerarely available with suitable latency, with most of
the world not updated on even an annual basis. They
are also limited in their spatial coverage and biased
inevitably towards data-rich countries, with sparse
coverage in large areas of Africa and Asia.

An alternative approach, in principle, would be to
use gridded model outputs from global hydrological
models (GHMs) or land surface models (LSMs),
which have the advantage of providing continuous
fields of runoff, analogous to the gridded precipitation
products currently used in the Level 1 Indicator. Such
an approach would allow routine annual updating,
although in practice this is rarely yet possible in an
operational setting given the requirement of these
models for up-to-date meteorological datasets that
are needed to drive the GHMs or LHMs. Moreover,
the uncertainties in such models are very high,
and there are very real scientific barriers to their
widespread adoption. Global models provide a wide
spread of outcomes for even simple indicators like
annual mean flows of major rivers. Nevertheless,
they are continually improving (e.g. Prudhomme
et al,, 2014; Schellekens et al., 2017). Future work
should appraise these sources for their potential to
support a hydrological drought indicator. There is a
large range of potential models available, but there
have been efforts to consolidate these through
intercomparison studies with large model ensembles
(e.g. Earth20bserve; Schellekens et al., 2017) which
provide a good foundation for evaluation of model
outputs for suitability for drought monitoring.

In practice, updated global runoff estimates may
most readily emerge from global hydrological
status monitoring efforts, notably the Global Flood
Awareness System (GLOFAS) (Harrigan et al., 2020)
and the WMO-sponsored Hydrological Status and
Outlooks System (HydroSQ0S)."°° Of course, while
future models may provide a route to obtaining
global coverage and the capability for routine annual
updates, the runoff projections are likely to be subject
to high uncertainties for the foreseeable future.
The accuracy of model projections and fitness-for-
purpose for drought estimation will therefore need to
be rigorously assessed and ground-truthed against
observations in those areas where this is possible.

Bringing together monitoring of drought types

Future inclusion of different drought indices for
meteorological, agricultural and hydrological droughts
will undoubtedly lead to a more nuanced picture of the
drought hazard that better reflects drought as a multi-
faceted phenomenon. However, it inevitably raises
an important question: how should the hazard be
represented — through a single combined, integrated
indicator that blends each source indicator, or via a
system of separate indicators? This is a question
which has exercised drought monitoring programmes
for many years, with significant debate between the
‘combined’ indicator approach and the ‘basket-of-
indicators’ approaches (e.g. Lloyd-Hughes, 2014;
Hannaford et al., 2019). The motivation behind the
‘basket’ approach is to provide sensitivity to different
impacts to ensure relevance to different sectors, so
any effort to combine the indicators risks degrading
this granularity; equally, policymakers may be more
inclined towards a single indicator.

Practically, this question has been addressed by the
development of multivariate methods, which are
reviewed extensively by Hao and Singh (2015). A
number of approaches are taken to blending hazard
indicators. Many approaches employ multivariate
statistical analysis to perform some merging and
weighting of individual indicators, while others rely
on subjective combinations, and still others use a
combination. From an applied perspective, notable
examples of composite indicators are the European
Drought Observatory (EDO) Combined Drought
Indicator (CDI), which uses a quantitative blending
approach; and the US Drought Monitor (USDM),
which integrates objective indicators (including the
SPI) alongside expert judgment. In addition to the
USDM, the latter has formed the basis for several
national and regional drought monitoring programmes
globally.

While these provide a useful conceptual basis for
integration, if combined indicators are adopted as
a way forward, future work would need to focus on
appropriate schemes for integration of the chosen
hazard indicators. There would be wider benefits
to this endeavour — as well as integrating different
drought ‘types’, it would also allow potential integration
of different timescales rather than just the SPI-12 as
featured at present.

9 https://www.bafg.de/GRDC/EN/Home/homepage_node.html
190 https://public.wmo.int/en/our-mandate/what-we-do/application-services/hydrosos
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Finally, the ‘composite’ and ‘basket-of-indicators’
approaches are not mutually exclusive, and the
greatest benefits accrue from adopting both to
balance high-level appraisal of drought hazard
with the finer-scale and impact-based/sectoral-
focused detail emerging from having a multiplicity of
indicators. Future SO3 reporting could be hierarchical,
with some reporting focused on a high-level single
combined indicator — perhaps utilizing the GDCS,
under development through GMAS (as described in
Section 1.4.7). This would also enable Parties to assess
the status of the different hazard indicators in relation
to drought impacts in order to plan more specific and
effective mitigation and adaptation strategies. Ideally,
exposure and vulnerability indicators would also be
disaggregated in an analogous way.

Level 2: Drought exposure

Alongside the exposure of populations, SO3 and
intended impacts also refer to effects on the
ecosystems that the populations depend on. As
discussed in Section 2.5, this was not included in this
iteration of the GPG, which was based on the Decision
11/COP. 14 interpretation of the Level 2 Indicator as the
‘population exposed to drought’. However, emphasis
is placed on both populations and ecosystems in
the wording of SO3, and ideally both should play an
important role in the assessment of drought exposure
in future reporting processes.

The need for an ecosystem component in assessing
drought exposure is acknowledged by Hagenlocher
et al. (2019) and Meza et al. (2020), and in ICCD/
COP(14)/CST/7. Meza et al. call for a socioecological-
system (SES) perspective, especially when assessing
drought riskin the context of agricultural systems and
where livelihoods depend on ecosystems and their
services. This can help to better understand the role
of ecosystems and their services not only as a driver
of drought risk, but also as an opportunity for drought
risk reduction.

The Good Practice Guidance for SDG indicator 15.3.1
already presents methods and datasets available
to subset the land area under drought according to
a series of land cover or ecosystem types (Sims et
al.,, 2021), with the relevant global datasets already
integrated to the Trends.Earth platform.

Appendix A

A range of gridded global datasets are available from
FAO to quantify the assets that are associated with
different production systems — e.g. livestock, irrigation
systems, productive trees, and others. For the next
iteration of this GPG, it may be useful to consider
whether some guidance on the application of the
landscape approach could be developed.

The expected impact of SO3 concerns not only
populations made up of individuals, but also
communities that interact with nature as part of
the ecosystems. Therefore, it is important also to
characterize the exposure of communities at different
scales. Identifying the communities that are more or
less exposed is enables more effective targeting of
national strategies. As such, the categorization of land
use could also be extended to include urban and rural
population classifications. At a sub-national level, the
outcome of the Level 2 Indicator is determined by the
distribution of the population, which, in turn, is likely to
be influenced by the distribution of the rural and urban
populations. The inclusion of these classifications
would help to identify the regions and associated
activities where exposure is more prominent, such as,
for example, agricultural and farming activities in rural
areas. Relevant data is already available in the form
of demographic statistics from the World Bank, and
gridded spatial data such as the Global Urban-Rural
Mapping Project (GRUMP) produced by the Gridded
Population of the World (GPW). The inclusion of a
rural-urban category would, therefore, be a relatively
straightforward process for future iterations of the
GPG, and would add value to the interpretation of the
Level 2 Indicator.

The mapping of ecosystem types can be helpful to
further identify the populations in extensive rangeland
systems and production landscapes that are affected
by drought. Many of these are transboundary in nature.
Precipitation deficits in one area of these production
landscapes can cause people and livestock to
migrate into other areas — meaning that the event of a
meteorological drought in one part of the landscape can
be expected to affect people and production systems
across other parts of the same landscape or region.
Transboundary rivers, catchments and aquifer systems
can cut across ecosystems and continents — carrying
the effects of drought from one area to another, and
affecting different sectors of the economy. These can
transfer problems including water stress and quality
threats from upstream to downstream areas.
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There is a well-established consensus (reflected in
the work of Carrdo et al. and others) that people who
are already living with water stress are exposed (and
more vulnerable) to drought. Carréo et al., the United
Nations Economic and Social Commission for Asia
and the Pacific (UNESCAP) and others recommend
the use of available global datasets on Baseline
Water Stress to map the areas and populations
concerned (WRI, 2020). Furthermore, all countries
are committed to applying the available global
methods for monitoring water stress under SDG
indicator 6.4.2.7% The SDG indicator 6.4.2 guidance is
useful for defining the exposure of different sectors,
livelihoods, and ecosystems to drought risk. It uses
generic classifications for economic activities and
calculation of their annual water requirements, and
more recently provides guidance on assessing the
water requirements for ecosystems, also known as
environmental flows.’°> Some further review may be
needed to fully assess the extent to which countries
are already using the SDG indicator 6.4.2 monitoring
methods — and where capacity needs may still
remain; the last global review of this SDG indicator
was conducted in 2018.7%

The decrease in availability of water resources is seen
as another important sub-indicator in the classification
of exposure to drought. However, consideration needs
to be given to the current limitations of the data needed
to support this component. The Baseline Water Stress
dataset (World Resources Institute, 2013) currently
represents the year 2013 only, with the frequency
of updates not specified. Therefore, the inclusion of
this component in any future methodology should
fully explore such limitations in regard to a four-year
reporting process, and how useful and appropriate this
would be. An alternative proxy could be the availability
of drinking water; however this is again reliant on
the availability of data, which is likely to be variable
between countries.

In cases where countries wish to describe exposure
to economic loss and damage that could occur in
the event of a drought, they can elect to do so using
the methods provided for reporting on SDG target
1.5 and the Sendai target C on economic losses due
to droughts and other disasters. However, there is
a need to select only the drought-related aspects
of the existing global datasets. The challenges of
isolating the impacts of drought on society and the
environment — which is particularly the case for direct
(and indirect) economic losses - is recognized in
UNISDR (2017). For guidance on the economic value
of productive ecosystems, countries may choose
whether or not to make use of the guidelines that
are available through the Initiative on the Economics
of Land Degradation.’® The World Bank Wealth
Accounting and the Valuation of Ecosystem Services
(WAVES) partnership is also working with some
countries on their national systems for valuation of
ecosystem services, and the UN General Assembly
has recently adopted, in March 2021, arevised global
system for ecosystem accounting.'%®

Level 3: Drought vulnerability

Drought vulnerability assessments are intrinsically
multi-dimensional in nature, which is why a composite
indicator is recommended in this GPG. However, in
order for this indicator to be of use for monitoring
progress on the ground, the components and factors
used should be relevant to the needs of the assessed
system (country, sector, population). In turn, physical
and institutional capacity is needed to undertake the
assessments at an appropriate level. Vulnerability
is an inherent characteristic of a population (or
ecosystem) that increases the risk of negative impact
in the case of the exposure to the hazard. As such,
improvements in hazard and exposure assessments
inline with improvements in vulnerability assessments
will significantly improve the overall understanding
of risk to humans and ecosystems (as illustrated
in Figure 1).

07 The custodian of the guidance, reporting and available datasets is the FAO.

192 https://www.unwater.org/publications/incorporating-environmental-flows-into-water-stress-indicator-6-4-2/
103 http://www.unwater.org/publications/progress-on-level-of-water-stress-642/

104 https://www.eld-initiative.org/en/who-we-are/about-eld/

105 https://seea.un.org/content/seea-experimental-ecosystem-accounting-revision
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The Drought Vulnerability Index (DVI) proposed in
Chapter 3 of this GPG describes vulnerability factors
that relate to the social, economic and infrastructural
vulnerability of populations to drought. The suggested
components and factors were selected based on their
use in peer-reviewed studies, which provide scientific
validation to the methods. Future refinement of the
DVI should focus on more effectively defining both the
components and the factors within them that are more
relevant to the needs of individual Parties, such that the
drought vulnerability assessment provides a clearer
view of the populations and ecosystems that are more
(orless) likely to suffer loss and damage due to drought,
and the effectiveness of drought mitigation, adaptation
and resilience planning at country level.

This refinement can be supported through multi-
lateral agreement on best factors to use at regional
levels, where possible. This includes meeting the
harmonization/standardization criteria set in Decision
11/COP.14. This would improve the ‘comparability’
criteria of the DVI, also set in Decision 11/COP.14,
but would more importantly begin to improve the
'sensitivity’ of the DVI to the specific needs of a country
Party. These processes should go hand-in-hand with
further research on sector, context and scale-specific
indicators, and the development of an indicator
library that could be used for different contexts, as
recommended by Hagenlocher et al. (2019).

Ideally, the selection of factors and the definition
of the components should be done at country level
through a validation process. Factor validation and
weighting scheme methods suggested by Crossman
(2019) include conducting field surveys, community
meetings and interviews; gathering expert opinions; and
consulting specialized literature. However, these are
time and resource heavy processes, especially when
done correctly (such as involving the most vulnerable
populations in the surveys), and the expertise is not
always available. Further research on the sensitivity
of the contribution of individual factors to an overall
vulnerability assessment is advised. Similarly, further
research and validation is needed to develop a global
approach and method for the weighting of vulnerability
factors (Hagenlocher et al., 2019).
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Recent reviews have suggested the use of impact
information to verify and validate vulnerability
assessments (Gonzalez Tanago et al., 2016; Blauhut,
2020). Factor-based vulnerability assessment studies
have used this method of verification of results, (e.g.
Naumann et al., 2014; Kreibich et al., 2019; Meza et
al., 2020), but all highlight the lack of impact data
in general, and especially the poor availability of
impacts caused by droughts specifically. Droughts
are slow-onset, long-term hazards, which means
that assigning impacts can be challenging (UNISDR,
2017), particularly at the global scale. However,
reporting for the purposes of Sendai Targets A to D,
in principle, provides global-level drought-specific
impact data. Such data could support the verification
of vulnerability assessments and methods, in turn
significantly improving them and enabling them to
be better tailored to specific sectors and regions. In
addition, the input from vulnerable populations who
have been (and should increasingly be) supported to
address drought challenges (King-Okumu, 2019) can
be another conduit of information to help verify and
validate vulnerability assessments.

Improved availability of spatially explicit vulnerability
data (for example at sub-national levels or data in
a gridded format; Meza et al., 2020) would enable
Parties to more readily use the Tier 3 VA, and greatly
improve the sensitivity of the DVI and usefulness
of their assessment. Linked with improvements in
assessing the hazard of different drought types, the
vulnerability assessment would be able to provide
a larger number of Parties vulnerability information
on the key sectors that could be at a higher risk from
drought, and hence develop appropriate policies and
plans towards mitigating, adapting, or enhancing
resilience to drought. Greater availability of gender-
disaggregated information would further enable
Parties to decide whether particular types of drought
(e.g. hydrological or agricultural) disproportionately
affect women, or particular production systems that
are associated with women'’s activities and sources of
income (e.g. in countries with lack of access to water
during hydrological droughts).
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In order to capture the efficacy of the drought policies
and plans at national, local and municipal levels, future
versions of this GPG may consider the inclusion of
a factor related to the existence of these plans for
drought, following the established guidelines provided
for Target E of the Sendai Framework (UNISDR, 2017)
and SDG target 1.5, which focuses on disaster risk
reduction planning more broadly.’*® This could capture
the extent to which Parties are proactively taking
steps to address drought risk and are building their
relevant social institutions. UNCCD is already working
with Parties to develop management plans, and it is
with this in mind that the recommendation is being
made; but as stated in Section 3.4.2, drought-specific
reporting would need to be explored and validated. The
UNEP Adaptation Gap Report 2020 provides guidance
on how to define the effectiveness of each Party’s
policies and adaptation plans.'”” The global datasets
and inventories of policies and plans for adaptation
to climate change (including drought) emerging from
these activities could also be leveraged.

The final but critical opportunity for the future of
the Level 3 Indicator reporting is the inclusion of
an ecosystem component to the DVI. There is
evidence for the strong link between ecosystem
services and human vulnerability to drought. For
example, Hagenlocher et al. (2019) showed that
drought risk for agricultural systems is exacerbated
by land degradation and soil erosion, but a better
understanding of the role of ecosystems (and their
services) as both a driver of drought risk and an
opportunity for increasing resilience is required.
As stated in UNISDR (2004), “As natural resources
become more scarce the range of options available
to communities becomes more limited, reducing the
availability of coping solutions and decreasing local
resilience to hazards or recovery following a disaster.
Over a period of time, environmental factors can
increase vulnerability further by creating new and
undesirable patterns of social discord, economic
destitution and eventually forced migration of entire
communities.” This statement clearly demonstrates
the need for ecosystem vulnerability assessments
from the human perspective.

The method outlined in this GPG for Level 3 Indicator
monitoring could allow for the addition of other
components, which could include ecosystems, but
as explained in Section 3.1 this was not done due
to the lack of scientifically approved and globally
validated methods and factors for meaningful
assessments of ecosystem vulnerability. In order to
properly address ecosystem vulnerability, and address
S03 fully, we need to consider vulnerability from the
perspective of the ecosystem, as well as the services
it provides to the population. At present, only a few
studies include environmental factors (Hagenlocher
et al,, 2019), which were predominantly aligned to
ecosystem services. Ecosystems are diverse, differ
in their resilience to drought, and are directly impacted
by human-activity, and research on ecosystem
vulnerability to climate change have shown the
complexity of assessing ecosystem vulnerability (De
Langeetal, 2010; Hagenlocher et al., 2018; Weillhuhn
et al., 2018), much like the complexities of assessing
human vulnerability. Hence, moving forward, future
research needs to establish and validate methods
and factors to monitor ecosystem vulnerability more
comprehensively for this component to be added
to future versions of the GPG. In the short term,
future reporting rounds may consider including a
complete, separate drought vulnerability assessment
for ecosystems in addition to that of populations.
Such activities could build on existing monitoring
and reporting activities, such as SDG indicators
6.4.2, 15.3.1,% UNCCD Strategic Objectives 1 and
2 monitoring, and the revised global system for
ecosystem accounting adopted by the UN General
Assembly in March 2021.

A note of caution to future research, however, is that
transparency in the whole process of vulnerability (and
risk) assessments, from the definition of vulnerability,
to the conceptual frameworks, methods, selection of
factors, and weighting, has to be improved to enable
comparability and thus progress this area of research
(Gonzélez Tanago et al., 2016; Hagenlocher et al.,
2019; Blauhut, 2020) for the benefit of country Parties.

196 https://unstats.un.org/sdgs/metadata?Text=_&Goal=1&Target=1.5

107 https://www.unenvironment.org/resources/adaptation-gap-report-2020
108 https://unstats.un.org/sdgs/metadata?Text=&Goal=15&Target=15.3

80

Good Practice Guidance for National Reporting on UNCCD Strategic Objective 3






4 (V4 \ United Nations
(Ng) o
\ Y Convention to Combat
w Desertification

Platz der Vereinten Nationen 1
53113, Bonn
Germany

www.unccd.int

</

Table of
CONTENTS



	Button 31: 
	Button 35: 
	Button 36: 
	Button 33: 
	Button 34: 
	Button 37: 
	Button 38: 
	Button 29: 
	Page 5: 
	Page 7: 
	Page 11: 
	Page 13: 
	Page 15: 
	Page 17: 
	Page 19: 
	Page 21: 
	Page 23: 
	Page 25: 
	Page 27: 
	Page 29: 
	Page 31: 
	Page 35: 
	Page 37: 
	Page 39: 
	Page 41: 
	Page 43: 
	Page 45: 
	Page 47: 
	Page 49: 
	Page 51: 
	Page 57: 
	Page 59: 
	Page 61: 
	Page 63: 
	Page 65: 
	Page 71: 
	Page 73: 
	Page 75: 
	Page 77: 
	Page 79: 
	Page 81: 
	Page 83: 
	Page 85: 
	Page 87: 
	Page 89: 
	Page 91: 
	Page 95: 
	Page 97: 
	Page 99: 
	Page 101: 
	Page 103: 
	Page 105: 
	Page 107: 
	Page 109: 
	Page 111: 

	Button 30: 
	Page 5: 
	Page 7: 
	Page 11: 
	Page 13: 
	Page 15: 
	Page 17: 
	Page 19: 
	Page 21: 
	Page 23: 
	Page 25: 
	Page 27: 
	Page 29: 
	Page 31: 
	Page 35: 
	Page 37: 
	Page 39: 
	Page 41: 
	Page 43: 
	Page 45: 
	Page 47: 
	Page 49: 
	Page 51: 
	Page 57: 
	Page 59: 
	Page 61: 
	Page 63: 
	Page 65: 
	Page 71: 
	Page 73: 
	Page 75: 
	Page 77: 
	Page 79: 
	Page 81: 
	Page 83: 
	Page 85: 
	Page 87: 
	Page 89: 
	Page 91: 
	Page 95: 
	Page 97: 
	Page 99: 
	Page 101: 
	Page 103: 
	Page 105: 
	Page 107: 
	Page 109: 
	Page 111: 

	Button 28: 
	Page 6: 
	Page 10: 
	Page 12: 
	Page 16: 
	Page 18: 
	Page 20: 
	Page 22: 
	Page 26: 
	Page 28: 
	Page 30: 
	Page 34: 
	Page 36: 
	Page 38: 
	Page 40: 
	Page 42: 
	Page 44: 
	Page 46: 
	Page 48: 
	Page 50: 
	Page 52: 
	Page 56: 
	Page 58: 
	Page 60: 
	Page 62: 
	Page 64: 
	Page 66: 
	Page 70: 
	Page 72: 
	Page 74: 
	Page 76: 
	Page 78: 
	Page 80: 
	Page 82: 
	Page 84: 
	Page 86: 
	Page 88: 
	Page 90: 
	Page 92: 
	Page 96: 
	Page 98: 
	Page 100: 
	Page 102: 
	Page 106: 
	Page 108: 
	Page 110: 
	Page 112: 

	Button 27: 
	Page 6: 
	Page 10: 
	Page 12: 
	Page 16: 
	Page 18: 
	Page 20: 
	Page 22: 
	Page 26: 
	Page 28: 
	Page 30: 
	Page 34: 
	Page 36: 
	Page 38: 
	Page 40: 
	Page 42: 
	Page 44: 
	Page 46: 
	Page 48: 
	Page 50: 
	Page 52: 
	Page 56: 
	Page 58: 
	Page 60: 
	Page 62: 
	Page 64: 
	Page 66: 
	Page 70: 
	Page 72: 
	Page 74: 
	Page 76: 
	Page 78: 
	Page 80: 
	Page 82: 
	Page 84: 
	Page 86: 
	Page 88: 
	Page 90: 
	Page 92: 
	Page 96: 
	Page 98: 
	Page 100: 
	Page 102: 
	Page 106: 
	Page 108: 
	Page 110: 
	Page 112: 

	Button 39: 
	Button 40: 
	Button 57: 
	Button 58: 
	Button 41: 
	Button 42: 
	Button 43: 
	Button 44: 
	Button 45: 
	Button 46: 
	Button 71: 
	Button 72: 
	Button 69: 
	Button 70: 
	Button 47: 
	Button 48: 
	Button 67: 
	Button 68: 
	Button 65: 
	Button 66: 
	Button 49: 
	Button 50: 
	Button 63: 
	Button 64: 
	Button 61: 
	Button 62: 
	Button 51: 
	Button 52: 
	Button 53: 
	Button 54: 
	Button 59: 
	Button 60: 
	Button 56: 


