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Executive Summary

This reportcompriseswo distinct parts. The first report, herein presented, details the research
outcomes from the project. The second part, the project management report, addresses various
administrative aspectscluding capacity building, the financial management of the project,

and the challenges encountered. Together, these reports encapsulate the comprehensive
findings and administrative insights from the project, aiming to enhance drought preparedness
and esponse strategies in the Northern Cape.

The projectds main objectives were threefold

i.  The main aim of this project is to develop one of the most important building blocks
for the National Drought Disaster Risk Reduction and Management Plan, namely, an
indicator framework for drought monitoring for reference farms in the extensive
livestocksector.

ii.  The second aim is to develop a computerised reporting and data capturing system for
extensive livestock reference farms based on the drought monitoring indicator
framework.

i.  The third aim is to develop contingency plans for the different drought categories for
the extensive livestock sector

The research outputs provide the necessary stimulus for the proper implementation of the
nationaldrought plan as follows:

i. It provide guidance for the development of contingency plans.
ii.  This research opens the way for ilmplementatiorof adrought reference farm system
in South Africa forall the different agricultural sectors.
ili.  The drought plan also requires municipalities to report regularly on drought conditions
within their municipal area and the development of a computerised reporting and data
capturing system should also accommodate municipalities, which act as drought

reference units.



The outcomes of this research are important building blocks in the implementation of the
recently developed Integrated Drought Disaster Risk Reduction and Management Plan for
South Africa

This report is structured in six chaptergth each deliverable submitted during the project

period as a separate chapter The six chapters are the following:

i. Chapter 1: Drought Indicator§ A Study of the Literature
ii. Chapter2: Farm Level Drought Indicators
iii.  Chapter 3: Framework for Wetbased Reporting
iv.  Chapter 4. Webbased Drought Reporting Mechanism
v. Chapter5: Drought Contingency Plans for the Extendiweestock Sector

vi. Chapter 6: Conclusion

Chapter 1: Drought Indicators i A Study of thel iterature

Chapter Ifocuseson the study of literature regarding drought indicators used globally and in
South Africa. The chapter emphasises the importanca dfought strategy afhifting from
merely responding to droughts to being better prepared and mitigateftects, specifically

in the context of extensive livestock farming in South Afritae chapter highlightshe
adoption of a drought classification system by the National Joint Drought Coordinating
Committee (NJDCC), classifying drought into five levels from DO (@eriod) to D4
(extraordinary drought).

Key topicsin Chapter linclude a historical overview of droughts, the proposed drought
classification system, globally used drought indicators, and specific indicators relevant to the
livestock sector. Thehapterhighlights the availability of over 60 remotely sensed drought
indicators, many of which are us#d in South Africa through various national and

international agencies.

Despite the resources available, a significant gap remains in the lack of an integrated system to
consolidate and interpret this data for improved drought early warningsh@peeiconcludes

by recommending the development of such a system, leveraging existing tools and best
practices from international examples like the US Drought Monitor and the Australian Drought
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Map, and specifically proposes a grottnath system for the livestock sector to validate

remotely sensed data.

Chapter 2: Farm L evelDrought | ndicators

This chapterdiscusses the complex impacts of drought and engasathie importance of
understanding these impacts through a comprehensive monitoring system, particularly at the

farm level. Herés a concise summaof chapter 2

Drought has a@evastatingmpact on all sectoréncluding society, economy, and environment.
The direct effects are visilleempty dams, dry rivers, low groundwater, crop losses, and poor
animal conditions. However, indirect impacts like high food prices, health issues, migration,
and psychological stss are not as easily linked to drought. This complexity is due to the

multiple causal and feedback loops among the environmental, economic, and social factors.

Recognsing the inadequacy of standard weather and remotely sensed data alaheptiee
highlightsthe importance of developing fafi@vel monitoring systems. Traditional drought
indicators do not adequately capture the economic and sogactts of droughtwhich vary
significantly based on context such as vegetation, soil type, livestockndimtiual farmer

resilience.

The chapterhighlights the development of a drought classification model for -fauel
indicators, integrating weather data, vegetation and fodder conditions, animal health, soil
moisture, water status, and the seetmnomic impacts. This model aims to provideactcal
framework for drought reporting and to serve as an early warning system for farmers, who may

also benefit from indigenous knowledge for early drought detection.

The challenge remains in engaging enough farmers to participate in this reporting during all

climatic conditions.

Chapter 3: Framework for Web-basedDrought Reporting

Chapter 3outlines the purpose and structure of a Drought Information Management and
Communication System (DICMS), designed to enhance drought monitoring and early warning

capabilities.Thesummaryof chapter 3 is as follows:
%



The primary aim of the DICMS is to provide effective, timely, and reliable drought early
warnings by integrating key drought indicators into a comprehensive system. This system is
designedo deliver realtime data to various stakeholders, including government and private
sector decisioimakers, across all levels of governance, and the public, thereby facilitating

informed decisiormaking and enhancing drought preparedness and responsg. effo

The DICMSshouldfeature geaeferenced, timely data that accommodates local, regional, and
national variations in drought condition€hapter 3describessuch asystem which is
composed of three main componengsnely (i)the mainsubchaptey (i) an accompanying
Excel document, an@ii) a reporting prototype. The masab-chapteiis structured into several
sectionghat detail various frameworks for monitoring, arsalg, and communicating drought
information, as well as a proposal for a widsed, indractive communication system. The
subchapters include an introduction, details on the drought monitoring and information
system, the indicator framework, data capturing, data processing and communication

framework, and a conclusion.

Chapter 4: Web-basedDrought Reporting Mechanism

Chapter 4 details the development and implementation of the Drought Information
Management and Communication System (DICMS), a transformative initiative to enhance
drought monitoring and early warning through arobusttvebs e d pl at f or m. Her e

of chapter 4

The DICMS integrates key farvel and primary drought indicators like temperature,
rainfall, vegetation condition, soil moisture, and hydrological data. This integration is
facilitated by advanced reporting and communication tball into the system. A notable
feature of thgoroposedICMS is its farmeicentric data collection application, designed to be
intuitive and usefriendly. Farmers can report drought indicators directly from the field using

mobile devices, promoting retime, costeffective dta collection.

The system has evolved to include two separate but complementaiyaseth applications.
One focuses on data collection from farmers, and the other on datasgisoialto aid in
moddling and analysis. This change was influenced by a strategic collaboration with the

Agricultural Research Council (ARC), which hosts a@xesting drought information website
Vi



developed under previousWRC initiative. This collaboration allows the DICMS to gdi
ARCG infrastructure and user base to enhance the functionality and reach of the drought

monitoring system.

The ARC's website now serves a dual purpose: it continues its initial function of drought
reporting and also supports the DICMS by hosting the new data collection website. This
integrated approach ensures that the data collected is not only extenslge gabgraphically
precise, enabling detailed analysis and insights on drought conditions that are relayed back to
users. This system is pivotal in advancing drought monitoring and management, providing
critical data that empowers farmers and decisi@kes with the information needed to
address drought impacts effectively.

Chapter 5: Drought Contingency Plans for L ivestock Farmers

Chapter Seportson proactivdivestock farmingdrought management practices in the Northern
Cape(NC) Province. The main focus is on livestock farming, the dominant form of agriculture

in theNC, which is significantly impacted by drought conditions.

The study aimed to develop indicatmeised contingency plans for different levels of drought
intensity (DBD4) for livestock farmers to enhance their preparedness and resilience. A
gualitative research method involving sestructured interviews was empky, with data
collected from leading livestock farmers or experts in the area through purposive and snowball
sampling. The interviews were segmented into categories including biographic information,
grazing land management, livestock management, finamo@ahagement, and social

management, facilitating easier coding and analysis of data.

Key findings suggest that experienced farmers in the Northern Cape generally accept drought
as a regular aspect of their climate and have adapted their practices accordingly. These
adaptations include maintaining conservative stocking rates to proteictgglazd, reducing
livestock numbers timely during drought conditions, being financially prudent, and relying on

strong social networks for support.

The recommendations from the study include training participants on indizged drought
categories and expanding the development of drought contingency plans to encompass
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business and municipal sectors. These measures aim to further reduce vulnerability and foster

sustainable development practices in the region.
Conclusion

The primary achievement of this projesthe establishment of a detailed indicator framework

for drought monitoring, tailored specifically for reference farms indkensive livestock
sector. This framework not only enriches the National Drought Disaster Risk Reduction and
Management Plan but also provides a model that can potentially be replicated across various

agricultural sectors and provinces.

Additionally, the project has introduced a compustireporting and data capturing system
that replaces outdated pajmriven methods, thereby streamlining and enhancing the
efficiency of data collection and drought monitorifidhis system is poised to be adopted
nationwide, offering reatime monitoring capabilities that are crucial for timely and effective

drought response.

Furthermore, the development of contingency plans based on distinct drought categories
provides a structured approach to managing drought impacts specifically in the livestock
sector. These plans are a critical resource for farmers, enabling them to emip&trategic

measures to mitigate the adverse effects of drought based on varying levels of severity.

The research outputs from this project not only guide the development of similar contingency
plans in other sectors but also underscore the necessity for a unified approach to drought
management. This includes the integration of municipal reporting, wihiichurther the reach

and effectiveness of drought mitigation strategies.

Overall, the projectbdés outputs are instrumei
Risk Reduction and Management Plan for South Africa, setting a benchmark for future
initiatives aimed at bolstering drought resilience across the country. Thbamaitive efforts,

particularly with the Agricultural Research Council, highlight the potential for widespread
adoption and implementation of these systems, ensuring that the insights and methodologies

developed can benefit a broader spectrum of the dignialcommunity and beyond.
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Project Achievements
Capacity Building

1 J. le Roux: Masters Disaster Management i Graduated March 2024. Title: Drought
Contingency Plans Linked to Drought categories for the Livestock Sector.

1 Z. Dhladhla: Research phase. Title: Predicting Meteorological Drought Categories
Using Graph Neural Networks

Knowledge Dissemination

1 6 Farmer Workshops i 86 farmers i 2022/2023/2024

1 SANCID symposium i 2023

1 IRM-UK/UFS Symposium i 2023

1 ELSEDIMA International Conference i Cluj Napoca, Romania - 2023

1 DWS National Water Symposium 1 2023

1 WRC Symposium, Umtata i 2023

1 COGTA and Dept of Agriculture, Nelson Mandela Bay i 2023

1 UNU-EHS / UES PhD Block Course, Durban i 2023

1 Landbouweekblad articlei Lar gest f ar mer 6is202dagazi ne i n
1

Lectures to Post-Graduate Diploma and Master students i 2023/2024

Innovation

1 Composite drought indicator combining primary and remotely sensed indicators
1 Farm level drought indicator reporting tools

1 Development of contingency plans linked to drought categories

Collaboration

Northern Cape Department of Agriculture

National Disaster Management Centre (NDMC)

Northern Cape Provincial Disaster Management Centre (NC PDMC)
Agricultural Research Council (ARC)

Northern Cape Agri

=A =4 =4 4 -4 =4

University of the Free State (UFS)
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Chapter 1: LiteraturReview

1.1 Introduction

Drought is a slow onset disaster of which it is difficult to determine the onset and the end of a
drought. In addition, drought is the hazard affecting most peopBounth Africa 8A) and
significantly impacts the economy. Therefore, drought monitoring and timely analysis of
drought indicators are essential for early warning and implementing drought risk reduction
contingencies. Accepting a drought classification system and inditagshblds is the first

step in drought management with a focus on ntibgaand risk reduction on a national scale.
The National Joint Drought Coordinating Committee (NJDCC) has already approved a drought
classification system for South Africa. According to this classification, drought is classified
into five classes: DO to4) where DO is a dry period, and D4 is an extraordinary drought. In

addition, thresholds for the most critical indicators were accepted and approved.

This report is the first deliverable in the

preparedness and mitigation: Drought monitor
This report is a discussion of the following topics:

1 A brief background to the history of drought and response measures implemented by
the government.

The proposed drought classification system for South Africa

Overview of globally used drought indicators

Drought indicators applicable to the livestock sector

Proposed indicators

= =4 A4 A -

Global best case examples of drought monitoring

We could identify more than 60 remotely sensed drought indicators globally, many of which
are already used in South Africa. Through the South African Weather Service (SAWS) and the
South AfricanNational SpaceAgency (SANSA), we have the capacity in South Africa to
monitor drought progression through remotely sensed indicators iRrrgaéime. The

indicator products are available to farmers, mainly from the SAWS, the Department of

1
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Agriculture, Rural Development and Land Reform (DARDLR) through the Agricultural
Research Council (ARC), and the Department of Human Settlement, Water and Sanitation
(DHSWS), through the National Integrated Water Information System (NIWIS). Some of the
cachment Management Areas (CMA) also provide some information. In addition, the private
sector provides remotely sensed products, mainly to crop farmers, for use in precision

agriculture, but these products are available only at a price.

Droughtrelated data is available in silos, mainly through the NIWIS, ARC, SAWS and a few
global sources, and sometimes at a cost. The most significant drought indicators available to

farmers are:

1 Precipitation and temperature data in Aegttime monitored and distributed by the
SAWS

1 Hydrological indicators such as dam levels and stream flow for major dams and rivers
available in nearealtime from the NIWIS

1 Remotely sensed vegetation products such as NDVI, PASG, VCI communicated
monthly through the UMLINDI report from the ARC

1 Groundwater levels in neaeattime from the NIWIS

1 Several international organisations such as EUSAT, NOAA, USGS, UNCCD and

others provide remotely sensed products

A conspicuous gap in the drought monitoring system in South Africa is the lack of an integrated
system with the capacity to combine and integrate all drenggited data and indices for
improved drought early warnings. The US Drought Monitor and the &ligirDrought Map

are bestase examples from which we can build upon their systems and lessons learned.
Therefore, there is no need to develop a new system for South Africa. Firstly, South Africa
already has access to the required remotely sensed préahuatsught monitoring. Secondly,

this research should develop a grodndh system for the extensive livestock sector that

validates the remotely sensed results.

The government should apply more effort to develop an integrated drought monitor and

analysis capacity, considering drought's economic, environmental and social impacts.
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Although not part of the objective of this research, we will advocate for an integrated drought

monitor and analysis system.

1.2 Background

Dry periods and drought remain the major meteorological event with devastating impacts on
the livelihoods of people in Africa and the globe (WMO, 2019). Drought is a slow onset
disaster, and it is difficult to determine the onset and the end of a drBughght remains the
hazard affecting most people in SA and significantly impacts the economy (Schreiner et al.,
2018). The FAO reported that drought emerged by far the most destructive natural disaster
costing farmers in the developing world billions ofllds each year. Globally, the cost of
drought is estimated to be around US$80 billion annually. This does not include indirect
impacts such as increased salinity, impact on water quality and-emmomic impacts
resulting in migration and conflict (WM& GWP, 2017). The risks associated with drought

are the result of the hazard itself, the exposure to it, and the vulnerability of society, livelihoods,
economy and ecosystems. The capacity of governments, society, economic sectors and
organisations to maga droughts is equally crucial as vulnerability to drought (Vogt et al.,
2018; Jordaan et al., 2020). Widespread, severe andyaaltdroughts globally stimulate the

need for improved drought monitoring and drought preparedness on a global and nzlenal s
Despite the devastating effect of droughts, most disaster risk scientists, policymakers and
practitioners focus on events such as floods, fires, and hurricanes, which have immediately
visible impacts. In addition, climate change projections of a wachmate might result in
increased dry periods of higher intensity. Despite the large number of people affected on the
African continent, we still cannot accurately predict when the next drought will happen and
how severe it will be (WMO, 2019).

Drought is part of South Africa's history and helps shape its history. Hall (1949), as cited in
Ballard (1986), reported three significant climatic changes with a trend of decreasing rainfall
characterised by prolonged droughts from 1700 to 1750. Thdbll@sed by a wetter period

until the late 1700s. Krige (1936) and Hall (1949), as cited by Ballard (1986), reported that the
prolonged drought between 1800 and 1806, known in the Nguni langudgadidatule (let

one eat what he can and say nought)sedwreat distress and suffering for the northern Nguni.

These droughts resulted in a famine of such magnitude that it led to a severe breakdown of

3
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social, political and economic institutions among Nguni pastoralists. Extraordinary drought
during 1816/ 1817 also caused theMahlatuled f a mi n eMfekam@&l , t Wki ¢h was
primary catalyst for the social revolution that produced the Zulu Kingdom under Shaka
(Ballard, 1986; SAHO, 2020). More than 2 million people died from starvation and conflict
over cattle, grain, water and grazing. Other authors reportedrginual decline in rainfall

and progressive desiccation of lakes, rivers and springs fabout 1800 to 1830, and
numerous droughts Dn(BhEel aB80p06898a6d Ga&8BODHang
2014; HOSA, 2020). Reports from the Cape Colony, Botswana and Natal suggest regions that
"suffered from severe and frequent droughts". For example, late eightegmtiny
descriptions of the Beer Vlei nearildwmore portrayed it as an area of bushy grasses,
swamps, springs and periodical rivers. In contrast, in the 1820s, Beer Vlei was described as
ficompletely dry, barren and desolate ( Bdall986) r

The winter rainfall region of the Cape Colony also experienced extreme drought during the
early nineteenth cent ur y .nhabitantsloBtie Cape baveBar i t i s |
some time past laboured under the scarcity of bread, owing to the almost total failure of the

last crop” In 1806, another official wrote of the successive failures of grain harvest from 1803

to 1805. Previously, the Cape Colony was a reliable source of food supply for ships, but they

had to import food during the early nieehth century because of successive droughts (Ballard,

1986, Cobbing, 1988).

Twentieth century extreme droughts in central SA recorded are 1914, 1916, 1923, 1933, 1941,
1946, 1949, 1964,1970, 1981, 1983985, 19911992, 1995. Recent droughts recorded are

the 20012003 and 2015 2018 droughts (Kelso & Vogel, 2017; Nash, Kldtmdfield, Pribyi,

2019).

Droughts were always part of development in South Africa, with the government supporting
farmers with drought aid or plans from as early as 1914. $bpdte Select Commitéee r e po r t
t 1 t Draughts,fRainfall and Soil Erositjreleased in 1914, was the first formal enquiry into

the impact of drought on Agriculture in South Africa during the twentieth century. As early, as
1916 'De Droogt an Overstroming Noodleniging Wet No 28 van @916 r ovi ded f or
support to farmers. The Noordwester of 10 Jur239 r e p or t e de heesCrduowas o ws :

chairperson of the Droogte Onderzoek KommissieT Breughi Investigation Commission

4
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recommended that farmers should not receive animals, feed and fodder but instead supported

in the following ways:

Tax relief and postponement of Government tax
Establishment of drought monitor committees
Extension of Land Bank loans and interest relief
Additional credit from Land Bank akery low-interest rates

Support to Land Bank to support agricultural cooperatives

= =2 4 A4 -4 -

Provision of additional credit facilities from commercial banks

Farmers were motivated to join small cooperatives with members between seven and a
maximum of fifty. These Cooperatives received funding from the government through the

Land Bank, and they could then lend that money to members to buy dairy cattle, oxghspl

and other equipment. Th®fought Investigation Commission al so real i sed and
the need for change in natural resouwree®l livestock management practiceNlgordwester

10 June 1923). During the following sixty years, eighty parliameratety rendered services

to commercial farmers in response to drought and drengddied issues. These acts
dramatically impacted the rural landscape's development, and the government emphasised soil

conservation and protection of the natural resource (Sasith, 1993; Van Zyl, 2010).

The 1930s saw the initiation of State support to commercial farmers with intensified support
during droughts. The 1940s saw commissions such a€tmarhission on National Provision
Against Droughtin 1941, which researched the spatial extent of drought relief measures. The
"Phase Drought Relief Schetngas initiated in 1946, and th&képort on the Fodder Bank
Committe& was released in 1949 (Smith, 1993; Van Zyl, 2010).

The government supported and subsidised dreegdding strategies during the 1930s and
1940s (van Zyl, 2010). The movement of animals during 1933 from the drsinghken
Northern Cape province to the Free State province and the central and easteris karoo
excellent example of a drouglvading strategy. Thdoordwesteiof 20 June 1933 reported

on trucking more than fifty thousand sheep and goats during the second half of May 1933 from

the Calvinia region. The government funded the railway transpoailfanimals.
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The Agricultural Credit Board (ACB), founded in the 1950s, became a crucial vehicle to
support farmers during and after severe droughts. Farmers who were not found creditworthy
by commercial organisations received loans from the ACB to continue farmingee@meer

from drought. As a result of land degradation caused by-gnaming, the government
implemented the livestock reduction scheme from 1969 to 1978, probably the most successful
drought prevention and mitigation scheme ever implemented in Souta Afhe government
subsidised farmers to reduce their stock numbers bythorte to farm at 66% of the
recommended stocking rate. This was a volunteer scheme, and many farmers participated in
the scheme with successful results (Smith, 1993; Van Zyl, 2ot0aan, Sakulski & Jordaan,
2011; Jordaan et al., 2017(a)). The subsidies for fencing and water provision and reticulation
during the 1960s and 1970s also contributed tremendously toward properly planning
agricultural rangelands (Smith, 1993; Van Zyl, @D1Extension officers and technical staff
during this period were influential in introducing proper farm planning and management with
drought risk reduction in mind (De Bruin, 2010).

1.3 Drought Typology

Drought has no universal definition as droughts are regpatific, reflecting differences in
climatic characteristics with different soee@onomic and physical variables. However, some

of the most common definitions are the following:

1 The UNDP (2008) defines droughtias he nat ur ally occurring p
when precipitation has been significantly below normal recorded levels, causing
serious hydrological imbalances that adversely affect land resource production
systemso.

1 Knutsonetal.( 1 998) def iardeficiahey ofyprgdpitatioa fsom @xpected or
Anor mal 6 that, when extended over a seaso
meet demands. This may result in economic, social, and environmental impacts. It
should be considered a normal, recurréaature of climate. Drought is a relative,
rather than absolute, condition that should be defined for each region. Each drought
differs in intensity, duration, and spat.i

1 The Director of the Commonwealth Bureau of Meteorology in 1965 suggested a broad
definition for droughtaé s ever e water shortageo.

6



Chapter 1: Literature Review

1 Palmer (1965) state¥Drought is an interval of time, generally of the order of months
or years in duration, during which the actual moisture supply at a given place rather
consistently falls short of the climatically expected or climatically appropriate moisture
supplyo.

1 Chopra (2006) defines drought &s period of rainfall deficiency, extending over
months or years of such nature that crops and pastures for stock are seriously affected,
if not completely burnt up and destroyed, water supplies are seriously depleted or dried
up and sheep and cattle pdris

1 McMohan and Diaz Arena (1982) define droughtiea per i od of abnor
weather sufficiently for the lack of precipitation to cause serious hydrological
imbalance and carries connotations of a moisture deficiency with a mass usage to

water o.

All the above definitions only consider meteorological influences and have little reference to
drought and dry periodsociceconomic and environmental impact. Wilhite & Glantz (1985),

Wilhite (2000) and Castillo (2009) recognised the challenge for a universally accepted
definition and categorised drought into four different categories with specific definitions. The
four most common definitions describing the different types of drought are (i) meteorological

drought, (ii) agricultural drought, (iii) hydrogjical drought and (iv) socieconomic drought.

1 Meteorological drought: A precipitation deficiency threshold usually defines
meteorological drought as a reduction in rainfall supply compared with a specified
average condition over a specified period. Different indexes and methodologies are
used to define the meteorological dght, such as the Standard Precipitation Index
(SPI), the Standard Precipitation Evapotranspiration Index (SPEI), and the percentage
of mean rainfall, rainfall deciles, and other indicators. The SPI is currently the most
sophisticagd index used worldwide to measure meteorological droughts.

1 The lack of soil water for vegetation production commonly defines agricultural drought.
It is a reduction in water availability below the optimal level required by a crop during
each growth stage, resulting in impaired growth and reduced yields. Agrtultur
drought relates to an imbalance in the water content of the soil during the growing
season, which, although influenced by other variables such as the crop water

7
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f Hydrological droughtis generally determined by a departure of surface and
subsurface water supplies from some average condition at various points

in time. It occurs when there is a substantial deficit in surface runoff below normal

conditions or when groundwater supplies are deposed. Hydrological drought reduces
water supply for sewerage, household use, industrial use, irrigation,-élgdtdcal
power generan, and tourism.

1 Anthropogenic droughti s  artificiali drought experienced because of human
intervention and the lack of drought management planning. This drought occurs when
the demand/supply ratio is larger than one because of increased water demand in
relation to water supply or water availability. Popigda growth, unplanned
development or poor maintenance of infrastructure can cause this. Examples are
municipalities where water restrictions are not applied timely, excessive water leakages
and new developments without water availability. Organisatiotis &8l municipalities
then use the anthropogenic drought as an excuse to source disaster funding for regular
expenditure or infrastructure maintenance that was supposed to be funded from the
regular budget. Ovegrazing and poor natural resource managermernhe farm level
are also, in many cases, the cause of anthropogenic or artificial droughts.

1 Sociceconomic droughtdiffers markedly from the other types of drought. First, it
concerns the relationship between the supply and demand for some commaodities or
economic goods dependent on precipitation. It represents the impact of drought on
human activities, including indict and direct impacts. This relates to a meteorological
anomaly or extreme event of intensity and/or duration outside the normal range of
events considered by enterprises and public regulatory bodies in economic eecision

making, theeby affecting production and the wider economy.
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The different drought categories are illustrateéigurel.3.1.

Cause / Impact Drought Indicators

Above normal temp.
high winds, low
humidity for specific
time/space

Belowaverage
precipitation for
specific time/space

Meteorological Standard
Drought Precipitation Index

(SPI)
Reduced
infiltration, runoff Increased evaporation
& groundwater & transpiration
recharge

Plant Water Stress . Soil Moisture Index
1 Agricultural NDVI

reduced yields and
biomass e VCl
PASG

Soil Water
Deficiency

Streamflow
Reservoir levels
Groundwater levels

Reduced Streamflow, Increased extraction Hydrological
low reservoir & from reservoirs, rivers Drought
groundwater levels & groundwater

Inadequate water

Poor governance .
g infrastructure, leakages

Demand/Supply
ratio

Anthropogenic
Drought

Poor planning Excessive demand

Income, Health
Land degradation

Economic SE Ecological Sociceconomic
impact impact impact Drought

HGUREL3.1: DROUGHT CATEGORIES
(Adapted fronWilhite and GlantA985; Wilhite, 2000; Castillo, 200a8ndJordaan, 202D

Van Zyl (2006) also provides some alternative and practical definitions for drought types
usually experiencednd commonly used by farmearsSouth Africa.These are the following:
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False drought This type of'drought” occurs when rainfall is slightly below the long

term average. However, due to overgrazing, the veld and fodder supply become
prematurely depleted, giving the impression of a prevailing drought. In some cases,
false droughts have been wrongly declaredstiesadroughts.

Premature drought:This type of drought occurs when a chronic dry situation is so
aggravated by overgrazing that a disaster drought is prematurely declared. In many
instances, adjoining farms may differ widely as drought intensity is, in this case, a result
of veld managemermpractices and the exploitation of grazing capacity.

Prolonged drought A drought can be prolonged for months when high stock numbers
are maintained. This results in a more or less chronic food shortage even after rains
have fallen. Plants become severely damaged. It is also possible that areas which have
been declared drougbtricken do not recover after moderate rainfall. After a few
months, the drought could be even worse.

Green drought Green drought occurs when excessive grazing pressure is maintained
in semidry periods. This causes food shortages even though the vegetation appears
green and soil moisture reserves are favourable, or where natural causes such as rain
showers during a dught promote a short spell of green growth but not enough to break
the drought. A green drought can also occur where insects such as locusts severely
attack plants and deplete the fodder to such a degree that it takes on the appearance of
a drought situation. There is thus a shortage of fodder despite favourable climatic
circumstances. The most common pests are locusts, the Karoo caterpillar and the
commando caterpillar.

Financial drought: Farmers exert pressure to obtain financial assistance to improve
cash flow. Therefore, a region is sometimes declared dretigtiten even though a
drought does not prevail. The declaration of such a region as a disaster drought area has
a negative effeabn the interpretation of rainfall records because drought is indicated

when it does not exist.

Climate variability is a given fact, and the vegetation in a region results from a specific climate

profile. It is important to remember that drought is a temporary anomaly, unlike normal arid

and semdarid climatic conditions, and one must distinguishwiaetn drought and aridity.

Understanding the difference between these two concepts is essential for developing drought

10
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risk reduction plans, which are based on assessing drought risks (WMO, \2@@é).users
should be conscious that weather fluctuates from wet to dry periods and, therefore, must adapt

their practices to fit within the two extremasd cope with tha.

Figure 1.3.2llustrates the interaction between leteym production potential and climate
profile. Within a specificclimate profile someyears might receive abovermal rainfall with
potentially aboveaverage runoff and production. On the other hand, belowrmal
precipitationin other years might result imelow-average production outpussd low runoff

with low dam levels, stream flow and groundwater leyl€C, 2001 Jordaan et al., 2020).
The ideabroductionand planningituation, though, is ltated between the two extremes since
farmers carprepare with timely operational decisions and follow production systems and

management practices that can cope with the extremeBi(gee1.3.2).

LONG TERM PLANNING HORIZON:AGRIC PRODUCTION POTENTIAL, WATER MANAGEMENT
LIMITATIONS AND OPPORTUNITIES

PRECIPITATION
ABOVE NORMAL. NORMAL./ AVERAGE BELOW NORMAL
Drought C!
5 Implement D
= & Contingen
° P '
S &
= 3
. ., D0 DI
2
©) 13 15 | 19
Continge
drough

HGUREL3.2:RELATION BETWEEN THE CLIMATE PRPRQBUCTION LEVELS AND MANAGEMENT DECISIONS
(Source: IPCC, 2001 adapted by Jordaan et al, 2020)

Issues to be updated and monitored duringfithe o r nclamaté period are drought early
warning and the progression of drougWibnitoring dry conditions and drougaliow farmers
to make timely tactical decisions instead of reverting to crisis management during extreme

climatic situationgSee illustration irFigure1.3.2. Framersshould include drought planning
11
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as part of the standard management procBssught categorisation linked to specific
responses for each progressive category is an important risk reduction tool in the drought

management tool kit.

1.4 Drought Classification

Drought is a slow onset disaster, dhd government and farmers should manage it according

to a standardised classification system. Drought monitoring and drought classifenagion
possible through several weleveloped indicatorsurrentlymonitored by the&SAWS, ARC,
DWSWS andther organisationg.heobjective of drought monitoring and early warning is to
warn stakeholders when there is a risk of dry periods or drought. As a result, reliable drought
early warning will allow water users to prepare andréase resilience to potential water
shortages, crop losses and food shortages. Drought early warning is essential for agriculture,

water resource management and municipalities responsible for water provision.

Drought classification provides a sound basis for early warning strategy and the timely
implementation of contingency plans based on the drought classifidatamnght monitoring

and drought assessment require integrating all information such as indices and impact
indicators in a comprehensive framework. Drought monitoring through indices alone does not
provide sufficient knowledge for drought classification. Aiddal information on the impact
(vulnerability) of different sections (economic, social, eorment)is required to understand

the different drought classes (Wilhgeal.,1997;Du PisaniFouche & Venter1998 Wilhite,

2000; Wisneet al.,2004, Jordaan, 2011

When to declare drought a disaster remains one of the most debated issues in disaster
management. The 2015/2016 drought in South Africa is an example that illustrates the need
for quantifiable indicators for drought classification and declaration. Fiveobtlie nine
provinces in South Africa declared the drought a provincial disaster. Nevertheless, it was never
declared a national disaster even though the disaster management Act (Act 57 of 2002 and
amended Act 16 of 2015) stipulates that a national diseah be declared once more than one
province is affected by drought or a disaster. The reasons provided by the National Disaster
Management Centre (NDMC) for the ndaclaration of a national drought disaster are not

convincing. They do not consider timpact of the drought on the South African economy.

12



Chapter 1: Literature Review

The declaration of drought disasters and how the government responded to droughts are
amongst the most important contributors to increased resiliency if handled correctly. However,
the lack of efficient relief causes increased vulnerability. The commerlcommunal
farming sectors are highly susceptible to the negative impacts of drought and the economy at
large. Therefore, drought indicators should be quantifiable, easy to measure and understand,
transparent and aihclusive, meaning that one should able to measure the hazard and its

impact.

Drought disaster declaration is linked to drought classification. Previous research by Jordaan
(2011) highlighted the difference in drought disaster thresholds for the different agricultural
sectors. Communal farmers, for example, experience normal dogpers disaster droughts
because of land degradation and eyexzing, the lack of alternative resources, lack of water
reticulation systems, lack of proper fencing, poor management and numerous other reasons.
The threshold for disaster drought in theecab communal farmers is therefore not the same

as thresholds for the commercial farming sector. Different agricultural systems and vegetation
regimes also require different thresholds and indicators (Jordaan, 2011; Gerber, 2022). The
period of drought oaarence is also important. For example, dry periods during the months of
September to February in central South Africa can have a disastrous effect on the maise
industry, while the livestock sector might experience the same dry period as a mild drought.
Remotely sensed drought indicators might require different calibrations for regions with a low
vegetation cover compared to regions with high vegetation cover or bushes and trees (Gerber,
2022); therefore, different thresholds and different indices forrdifen t s y srtefg-ms . A
all" indicator and threshold selection are not possible.

1.4.1 DroughtQassification in South Africa

The National Department of Agriculture, Land Reform and Rural Development (NDALRRD)
initiated a process in 2017 to provide a drought classification system for the agricultural sector
(Jordaan et al., 2017). The drought classification system proposed Dgghement is based

on best practices from leading countries with drought management plans, such as the USA,
Mexico and Australia. The proposed classification is aligned with the classification system
used in the United States, Mexico and Australia. Timitdd States Drought Monitor is

probably the worl& most developed drought monitor system. They stéf&ds is what makes

13
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the U.S. Drought Monitor unique. It is not a model. The USDM relies on experts to synthesise
the best available data from multiple sources and work with local observers to localise the
information as much as possible. Numeric inputs are many: the Palnoergbrr Severity
Index, theéStandardised Precipitation Index, and other climatological inputs; the kBgciim
Drought Index for fire, satellitbased assessments of vegetation health, and various indicators
of soil moisture from data assimilation systemsl arther models; and hydrologic data,
particularly in the West, such as the Surface Water Supply Index and snoWpasdMC,

2016)

According to the DARDLR 2017 drought classification, drought is classified into five classes
from a DO to a D4 drought, as follows (Jordaaml, 2017):

DO Dry period

D1 Moderate drought
D2 Severe drought
D3 Extreme drought

=A =4 4 -4 -4

D4 Exceptional drought

The different drought categories and duration of different typesoofgtit are illustrated in
Figurel4.l.

Prewention Recowvery & Prewvention

L ]
v Meteorological drought
1

' Hydrological drought
1
| |

Agricultural drought

L 1
----- >
I " " 1
Socio-economic drought

HGURELA.1 ILLUSTRATION OF DROUGHT CLASSIFICATIONS

14



Chapter 1: Literature Review

Drought is a slow onset disaster with letegm consequences. The first rain during a D3 and

D4 drought might end the meteorological drought but not the agricultural drought and
especially not the socieconomic drought. The end of the hydrological drowsb occurs

only during the reservoirs' fithp and increased stream flow. Therefore, the declassification of
droughts needs to consider the lag effect of a particular drought; for example, grass takes
months to recover after the first rains, and a drésigiocieeconomic impact is usually felt

two or more years after the drought. In the case of D3 and D4 droughts, the impact is still
visible five years after the drought, depending on the vegetation type and-tgltreatment.
Livestock farmers reportetiat in the case of a D4 drought, most farmers do not recover fully,
especially when they have to sell breeding stock and lack the resilience to withstand such a
drought. Government safety nets must be activated in such cases to support the affected
livestock sector. Disaster drought declaration for agricultural drought is imminent during
drought phase D2. During a D2 drought, the communal and smallholder agricultural sectors
require external assistance. Therefore, a disaster drought declaration isirequpreases D3

and D4. Drought phase D4 might require extreme response and recovery measures to secure

the longterm sustainability of the agricultural sector.

"

!
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The description of the drought classification with potential agricultural impacts is summarised
in Table14.1.

TABLE 1.4.1. DESCRIPTION AND IMPACT OF DROUGHT CLASSES
Category Description ‘ Potential impacts

Going into drougHdry periad
9  Short term dryness
I Limiting planting conditions
Dry 1 Limiting growth of crops or pastures
DO § Smaller farm dam levels lower than usual
1 Some fountains stop flowing
Coming out of drotighack to normal rainfall
M  Some lingering water deficits
I Pastures and crops not fully recovered
T AGreen droughto with young vegetat
1 Streams, reservoirs or welky fithan normal
1 Some watshortages developing or imminent
1 Voluntary water restrictions requested
1 Some damage to crops
1 Soil moisture deficit for planting crops
1 Grazing conditions start deteriorating
1 Animals start showing feeding stress
1 Wateshortages is common
I Water restrictions imposed
T Crop and pasture losses likely
9 Grazing conditions deteriorated
1:10 1 Animals show serious feeding stress
1
1
1
1
1
1
1
1
1
1
1
1
1

1:3year

Moderate droughi
D1
1:5 year

Severe drought
D2

Groundwater levels going down at selected places
Disaster drought declaration imminent and required for certain sections of sg
Widespread water shortages

Groundwater levels very low

Extreme measures to be imposed to limit negative impacts
Negative impact on regional economy

Businesses especially in rural towndinadeial stress

Major crop and pasture losses

Severe shortages in natural grazing

Some sales of productive assets

Not enough feed and fodder for animals

Animals in poor condition

High fire alerts

Extreme drought
D3
1: 15 year

The indicators and indicator thresholds of the different drought classes is shown ifhZ&ble
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TABLE 1.4.2. DROUGHT CLASSIFICATION AND INDICATOR THRESHOLDS

Some damage to crogmstures: fire risk is 6:month In the low
Moderate high: Levels of streams, reservojrs or wellg <70%for -0,8 PASG zone 11-20 4060
D1 drought low: Some water shortages are imminentg 1/5yr 30days to - <90% <80% 2635 11-20 708 to- Z=0,8 | Z=0,8t0
developing: voluntary water restrictions 1,2 1’ 2 to -1,2 -1,2
requested: early warning ’
Crop and pasture losses likely: Fire risk ve
SavErE high: Water shortages common: Water <65%for -1,3 12month Ilr:)wi:ﬁéy Y =0l
D2 drouaht | restrictions imposed: drought warning mes|  1/10yr to - PASG <70% 1625 | 610 | __ i} " "
ght L h 180days Z=-1,3to Z=-1,3 | Z=-1,3to0
Institutions fwepare for response mechanis 1,5 <90% 15 to-15 15

Exceptional and widespread crop & pastu
losses: Exceptional high fire risk: shortage
water in reservoirs, streams and wells cre <65%for | -2 or

Exceptio
al
drought

1/50yr 02 Dams dry

water emergencies. Water restrictions 7¢2

compulsory: Warning messages must be
to: Active response mechanismactsrcritical

360days | less
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1.4.2 Application of Drought Classification

The drought classification is essential because it provides the stimulus for implementing
contingency plans for the different sectdfsgure 1.4.2 illustrates the climate profile in a
region with climate extremes and the preparedness plan schedule. Timely tactical and
operational decisions (preparedness) should happen during normal years, and implementation
of contingencies should be activatedidgrdifferent drought classifications. Contingencies in

a specific catchment will depend on the drought clasgion in the affected catchment. Also
necessary are the contingencies after the end of the meteorological droughecbooimic

and agricultural droughts might continue for years after the end of the meteorological drought.
For example, grazelands aftéake years to recover to their former status after a Hyesi
drought. It is therefore also essential to develop drought recovery contingencies. The livestock
sector is especially vulnerable because it might take years for livestock farmers to aéieover

droughts.

LONG TERM PLANNING HORIZON: WATER MANAGEMENT CONDITIONS WITH WATER MANAGEMENT LIMITATIONS AND
OPPORTUNITIES

PRECIPITATION
ABOVE NORMAL. NORMAL. / AVERAGE BELOW NORMAL

HGURELA.2: IMPLEMENTATION OF CONTINGENCY PLANS ACCORDING TO DROUGHT CLASSIFICATION
(Jordaan et al, 2017)

The challenge with the proposed drought classification system is the lack of an integrated real
time drought monitor system. Drought monitoring is conducted in silos by different
organisations, but an integrated system is lackifgple 1.3.3 summarises the drought
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information available to the public in South Africa. It is clear from the results that most of the
information is presented irsilos' through the different line departments and organisations.
Much of the information is also not usieiendly and lacks the integration for proper decision

making.

TABLE 1.4.3. DROUGHT INFORMATION AVAILABLE TO THE PUBLIC

The Department of Agriculture, Rural Development and Land, RefiBi, AFASA
and all provincial agriculture departments briefed the Portfolio Commatidmessth
for the 2019/20 planting season. It was stated in the meefireptrantre provides i
farmers with timeous early warning information, which includes prediction of the
forecast, provision of daily extreme weather warnings, market information, as w
helpful information and advisory servicesghablgillhe farmers to cope well and th
all season®MG, 2019However, a web survey failed to identify the Early Warnin
referred to during thiseting.

Agriculture, Rural
Development & Land

Reform Agricultural Research Coun@RC)Information seekers can log onto their website

obtain information such as agricultural economics and capacity development, a
crop sciences and research and innovation systems. For personalised informat
register and obtapesific and relevant informdt@nAR@lIso has an ARC HUB App
information on the live weather report, crops, livestock production, training, exp
fields etc. It is a great platform to suppersfand has a very good rating and revie'
users. In addition, the monthly UMLINDI report is a valuable source for drought
is basically the only source readily available on the web.

National Integrated Water Information System (NIWIS)
In 2015, the Department developed a National Integrated Water Information Sy
The welbased system consists of a set of dashboards to enable managers to m
assessment of the water situation in South Africa. The NIWIS dashiruaids dafac
in an interactive manner that isrieseily and easy to navigate and understand. Th
is described as a living system that is designed to give an overview at the Natic
Provincial or Water Management Area level, and, sillereaptiee level of individual
items (e.g. dams, weirs etc.). Below is an illustration of the dashboards:
NIWIS dashboards are structured and subdivided into categories as follows:

- Homé Home or Landing page

- Climate and Weathexg. climate change

- Disaster Managemiedtought status

- DWS Human Resouiicekiman capital

- InfrastructuieDam safety regulation

- Monitoring Networksor example, surface water

- -Water Ecosystein&roundwategeserve

- -Water Qualitydrinking water quality

- -Water Quantitysurface water storage

- -Water Servicésccess to water

- -Water Tariffsraw water

- -Otheii contact us, help function,
Useful links (Electronic Water Use Application and AuthorizatieWBy£t&i8)(E
Hydrological Servie&sirface Water (Data, Dams, Floods and Flows), National G
Archive (NGA), National Register of Water Use (WARMS), Water Management
(WMSB), Water Services Knowledge System (WSKS), External Links Council for
Industrial Research (CSIR), National Eutrophication Monitoring Programs (EON
Information Network SystemWIHS), RAMOTSWA Information Management Sys
SADC HYCOS, Water Resources of South Africa, 2012 Study (WR2012), Wate|
Commission (WR@gpartment of Water and Sanitation 2015)
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The DIBWS NIWS system is probably the most valuable system for water mang
but still lacks much information for drought monitoring.

InkomatiUsuthu Catchment Management Agency

The agency helps improve decentralised water resource managemmekii g ovdion
stakeholders. It manages, protects, uses, conserves and develops the nation's
resources. On their web page is a live infographic dam level monitor of didargm:
there is a hydronet water control room and water qual&tatusireports for water
quality status. Furthermore, they actively disseminate information to the media-
newsletters, brochures and media releases.

BreedeGouritz Catchment Management Agency

Providemformation for emerging fartinersgh a package comprising information a
institutions in charge of water allocation, access land and grants. They also do
information dissemination, but a permanent repository is accessible through mc
websites and tablebwEhe web page shares catchment management strategies,
projects, dam levels, monitoring points,

The Department heabsites withformatiorelevant to tdeoughthrough thBranch on
Forestry and Natural Resources Management with a Climate Change and Disa
Management Unit. Information in 2016 documents on droube padibesst
Agriculture Forestry and Fisheries, Pt2@)formation availahles little about drough
However, the South African Air Quality Information Systenr(&a&®isSjormation ¢
air quality.
Customised products and services supplied by the SAWS are available to the
are:
-WeatherSmart accesssers can access the weather by dialing *120*7297# then
their area or date immediately. Weather information is available at a click.
-Hydronét webbased decision support system which provides reliable weather fi
(including thenBonth seasonal forecast in a Grid formtihereald historical weather
data.
-WeatherSmart Applicatfmovides the user with lochtisad forecasts and other hal
weather information for your immediate surroundings. In addition, it includes the
features and options:

- Locatioibased forecasts

- Severe weather warnings

- Weather conditions and forecast for your current location

- Search for and add other locations

- A sevewlayforecast for all your selected locations

- Minimum & maximum temperature(s)

- Wind direction(s)

- Weather notices, warnings and alerts
-IndustrnBpecific Weather Informéatiser requests weather and climate informatio
their particular industry.
-Weather APRloffered through SAWS AfriGIS partner. Users create their applicat
various datasets provided.
-SAWS is very active in its information dissemination through media releases al

The health sector's nearest effort to drought support is shown inverigantjcldnbssic
& Mathee (2019) concerning the National Health Insurance (NHI) and climate ¢
article impels South Africans to avoid health risks associated with climate chang
fully from the NHI. To help support this, they prgadiselaformation System, which
includes these components:
- Papebased data system to be replaced with a quality electronic data s)
monitoring and analysis.
- Data for engaging in researcmaddlling. Easiarning systems and better
integration with the South African Weather Service
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Some organisations should take responsibility for drought classification. Drought affects all
sectors of society. Therefore, the NDMC should take responsibility for drought classification
with the support of the organisations that host the data. Amormgstdst significant data hosts
are the SAWS, DHSWS and DARDLR. It is important to note that several indicators are
essential for accurate classification. Therefore, the drought monitor system should be
developed in such detail that each quaternary catchmectassified for meteorological

drought, hydrological drought and agricultural drought.

1.5 Drought Indicators

The term 'indicator' has its roots in the Latin wotaslicare” (to point out, to show, to
indicate) and ihdeX, literally meaning anything used for pointirigand 'the finger used for
pointing'. Several modern languages have inherited the latter meaning. We have, for example,
the English index finger, the French index, the Itatlda indice the Spaniskdedo indiceand

the Portuguesdedo indicador In the same way as a pointing finger, an indicator provides
information and guidance. Indicators canypde warning signals and thus improve our ability

to take early action, contain risks or solve existing problems. In addition, indicators assist us in
making evidencéased decisions by allowing us to assess the success of a given policy in
achieving itsdesired objectives (Eurostat, 2014).

Indicators are used in many areas of economic, social and environmental statistics as a valuable
way to summarise and present information. Various types of indicators can be applied in many
cases, ranging from simple, singlariable indicators to more cgiex composite indicators

that bring together information from several different sources or areas into one standard
measure. An indicator is a specific, observable and measurable characteristic of a specific
phenomenoii drought in this case. Indicatorseain many cases, a quantitative expression of
gualitative observations. Where practically possible, indicators should provide a good idea of
the data required for measurement and the conditions for which the indicator is measured. As
a result, indicatorshould be defined in precise, unambiguous terms that describe clearly and

precisely what is being measured.
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In most cases, each outcome should have at least one indicator. Such an indicator should be
clear, focused and specific. Therefom®rds such a$ncrease”, "decreaseor "improved do

not belong to the concept of indicators.

Hammondet al. (1995) define indicators dguantifiable constructs that provide information

either on matters of wider significance than that which is actually measured, or on a process
or trend that otherwise might not be appareriEXisting definitions and terms have been
developed over time for different uses. The definitions of composite and sentiment indicators
are not always understood in the same way. Furthermore, the indicators themselves may be
based on different methods. Tliterature provides @y definitions for indicators, indices and
composite indicators (Cannon, 2004; Day, 2004; Vincent, 2004; IADB, 2005; Birkmann, 2006;
Gbetibouo & Ringler, 2009). An explanation of each of these terms is necessary in order to

avoid confusion.

Indicators are recognised as valuable tools for measuring trends and conditions for policy
decisions, especially when it is not easy to measure the phenomena directly (Cannon, 2003;
Damm, 2010). The use of indicators to monitor change in the status & pedgommunities

has long been used in the social sciences as a recognised measurement method. In the 1830s,
for example, social reformers in Europe, the UK and the USA had already used social statistics
and indicators to monitor and improve health ctods amongst people (Gbetibouo &
Ringler, 2009). Economic indicators such as GDP, GGP, unemployment rate and terms of trade
emerged in the 1940s, with social and environmental indicators growing as a preferred
measurement tool in the 1970s. The applicatwd indicators that measure vulnerability to
natural hazards has gained momentum since the 1990s due to degiens requesting more

guantifiable vulnerability data (Dwyet al.,2004).

Different types of indicators are used to measure different things. The three main indicator
categories are single indicators, sentiment indicators and composite indicators. However,
sentiment indicators and composite indicators are not mutually excloategories. An
indicator can be classified both as sentiment and composite indicator. An important
consideration for both sentiment indicators and composite indicators is the presence or absence

of a reference series, a series that an indicator aims toxap@te or predict. Indicators with
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reference series may exhibit a leading, coincident or lagging relationship with the reference
series (Eurostat, 2014).

A summary of some standard indicator definitions is shown in Tiable.

TABLE 1.5.1. SOME COMMON INDICATOR DEFINITIONS

Source Definition

Gallopin, 1997 Indicators are variables which is an operational representation of an attribute of a sy
A quantitative or qualitative factariable that provides a simple and reliable meansgto |

OECD/DAC, 2002 achievement, reflect ckeargnnected to an intervention, or help assess the performar
development actor

Dwyer et al., 2004 Indicators only indicate broad and complexosoefas

USAID, 2006 A variable whose purpose is to measure a change in a phenomena or process

European Commission A description of the projectds object
An index number is a measure of quiatig to a base period. Indices are a statistical |
providing an indirect way of measuring a given quantity or state, allowing compariso
index's main point, however, is to quantify stma¢ttamgot be measured directly and to
measure changes.

Indicators are quantitative measures intended to represent a characteristic or a para
Cier Ghal, 2009 system of interest.

NEQEULGEINIGEGEIERIA  An indicator quantifies and simplifies phenomena and helps us understand complex
011

Birkmann et al., 2006

|
SIS ElEEARIEYE 6l Indicators are raw and processed data aggregates, but they can be further aggregat
2 complex indices.

Anindicator can be defined as something that helps us understand where we are, wt
going and how far we are from the goal. Tliecafobe a sign, number, graphic, etc. It i
MDF, 2011 a clue, a symptom, a pointer to something changing. Indicators are presentations of
They are bits of information that summarise the characteristics of systems or highligl

happening ia system.

An index is a statistical indicator representing the value of the securities which const
Investors, 2011 often serve as barometers for a given market or industry and benchmarks against w
economic performance is measured

An indicator is a measurable variable used to represent an associateds{meid or non

measurable) factor or quantity. For exaenpsumer price index (CPI) serves as an a
indicator of the general cost of living, which consists of many factors, some of which
in computing CPI. Indicators are common statistical devices employed in economics

Businessdictionary, 2011

(Source: Jordaan, 2011)

Adriaanse (1994) explains the different terms at the hand of an indigaaonig illustratedn
Figurel5.1.
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Composite indicat
aggregated indicators, multi
dimensional concept

Indicator
representation of a construct/issue qualitative
quantitative measure

Variable
raw data

FHGURELS.1:INDICATOR PYRAMID
(Source: Adriaanse, 1994)

In order to explain theanking of the terms, raw data is used to develop an indicator. For
example, low levels of education indicate social vulnerability or the lack of land ownership,
and the absence of insurance products can be indicators of economic or financial vulnerability.
Low levels of education plus unemployment rate plus livelihood deprivation, asset ownership,
and lowincome levels are called a composite or aggregated indicator for poverty, which then
can be transformed into an index for sosmalnerability. Similarly, the lack of insurance, no
alternative income sources, no capital reserves, volatility of product prices and lower demand
for products are aggregate indicators of economic vulnerability. Therefore, they can provide

an index for ecoomic vulnerability.
Characteristics of good indicators are (Gage & Dunn, 2009; Eurostat, 2014):

1 Measurable: should be quantifiable using available methods and tools. In some
cases, an index is used to quantify qualitative observations.

1 Precise:operationally defined in clear terms

1 Reliable: consistently measurable over time, in the same way by different observers

1 Valid: an accurate measure of a phenomenon, behaviour, practice, or task that is the
expected output, outcome or impact of the phenomenon (drought) or intervention

1 Timely: provides a measurement at time intervals relevant and appropriate in terms of
characteristics, impacts, programme goals and activities

1 Programmatically important: linked to the programs or phenomenon or to
achieving the objectives.
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The following tables are some examples of different categories of indicators.

TABLE 1.5.2. USE OF INDICATORS FOR DESCRIPTION OR MEASUREMENT OF PERFORMANCE
Indicator Description Example
LS floll=Nel# N The indicator describes a situation or trend and fut Drought indicators such as SPI, |
o2 IEIRGIE explains a phenomenon. It reflects the situation a and stream flow. Describe the cu
situational without reference to how the situation should be state and impact of drought

The indicator allows statements to be made desc

=El el l(e=Ned situation as better or worse. It shows progress, or Lower than average crop yields,

normative of it, towards established objectives and targets ¢ deteriorating veld condition

desired enstate

TABLE 1.5.3. ECONOMIC CYCLE FRAMEWORK INDICATORS

Indicator Description Example
The number of forced sales of
animals also creates an expectat
of meat scarcity and increased fc
prices.
Total number of animals sold dur
the first months of drought,
characterised by increased food
prices

The indicatochangebefore a change are seen in
general economic conditions and card® predict
turning points in the business cycle.

Leading
indicator

The indicatehanges (more or less) simultaneousl
general economic conditions and therefore reflect
economy's current status.

Coincident
indicator

The indicator changes af@roeconomic conditions
Lagging have changed. Lagging indicators confirm econot
indicator trends that have already been predicted by leadir
indicators or shown by coincident indicators.

The number of job losses becaus
drought. Increased number of pe
experiencing food shortages

TABLE 1.5.4. DRIVING FORCES, PRESSURE, STATE IMPACT AND RESPONSE FRAMEWORK
INDICATORS

Indicator Description Example
The indicator describes the social, demographic ¢ The number of forced sales of
Leading economic developments in societies and the animals also creates an expectat
indicator correspondimfpanges in lifestyles and overall leve of meat scarcity and increased fc
consumption and production patterns. prices

Total number of animals sold dur
the first months of drought,
characterised by increased food
prices

The indicator describes the quantity and quality o The number of job losses becaus
physical, biological and chemical variables in a p: drought. Increased number of pe
area experiencing food shortages

The indicatdescribedevelopments in the release ¢
substances, physical and biological agents, the u
resources and the use of land.

Coincident
indicator

Lagging
indicator

Drought classification is based on several indicators with thresholds for the different drought
categories. Information sources for drought classification include (i) meteorological data and
forecasts, (ii) drought impact indicators (remotely sensed ita&)a (iii) available data, (iv)
warning signals and (v) fartevel information required for grourduthing of remotely sensed
indicators. Drought indicators are classified as primary and secondary drought indicators. The
primary indicators are those gat monitor quantitatively through meteorological data,

remotely sensed data and gauging stations. On the other hand, secondary indicators represent

25



Chapter 1: Literature Review

meteorological data and drought impacts reported from reference farms and other organisations
(Jordaaret al, 2017). Quantitative indicators should be monitored in-ties, considering

that not one single drought index fits all needs to determine the different types of drought.

1.5.1 Implementing the use of drought indicators

Not all dry periods are droughts, and the impact of dry periods is different between different
sectors. Therefore, the use of the prescribed indicators without the consideration of the sector
specific characteristics is foolish. Factors to consider befavaght classification are the

following:

Primary indicators: At least three of the indicators must have a threshold for at least a D2

drought, at which stage one can expect secondary indicators also to indicate a drought.

Secondary indicators Grazing on the reference should display definite dry conditions, and
the farmer should reduce animal numbers by 30%. Crops should reveal definite signs of water

stress with potential crop losses of at least 40%.

Time of monitoring: The threemonth SPI during the growing season can lead to a disaster
drought for crop farmers. The same SPI value outside the growing season might only be
regarded as a dry period with little impact. Reservoir levels are also linked to seasonality; for
example, reservoirs with low water levels at the beginning of the rainy season are not a problem
compared to empty reservoirs at the end of the rainy season, which could lead to water
shortages. One needs to consider the seasonality amihgrseason of different crops and
grazing on livestock farms with the classification of drought; therefore, the use of secondary

indicators to groundruth the impact of a dry period.

Sector differences The difference between the communal farming sector and the commercial
farmers in drought vulnerability and resilience is significant (Jordaan, 2011, Jadain

2017). Communal farmers and the smallholder farming sector are extremely vulnerable to
drought because of (i) owgrazing, (ii) land degradation, (iii) poor infrastructure and water
reticulation on their land, (iv) no grazing management systems, (v)quadity animals, (Vi)

lack of reserves, (vii) imperfect markets, (viigck of knowledge, and (ix) cultural beliefs
(Jordaan, 2011). Communal farmers experience dry periods as droughts and report significant
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drought losses every third year. A DO and a D1 drought could be disastrous for them while, on
the other hand, most commercial farmers can manage a D2 dréiggine1.5.2 illustrates the

dilemma at the hand of drought loss functions.

SmallMedium Large Commercial
Srall scale farmers Commercial farmers farrmers

fr=============-  ——

|
|
|
[
I
=== Paint OF No Return —

Safety Net or Insurance

Loss: % of net income/preduction or coping
strategies with permanent negative impact

Drought severity (SPI/SPEI)

n | ol el
HGUREL5.2:DROUGHT LOS®INCTIONS FOR DIFFERENT AGRICULTURAL FARMER CATEGORIES

Figure15.2 illustrates typical drought loss functions for smallholder or communal livestock
farmers, mediunscale farmers and large commercial farmers. SPI values are illustrated on the
x-axis, and production loss is a percentage of their wealth normal prodaoatithe yaxis.
Smallholder communal farmers already lose more than 50% of normal production-at a 12
month SPI value ofl.2 and require safety net activation long before the larger and more
resilient farmers. More than 2 million people are cles$ias smallholder farmers in SA, and
40% of domestic livestock in SA is owned by this sector (DAFF, 2014). These farmers produce
mainly only enough for subsistence, but that in itself is significant in that they contribute to the
total food production irsouth Africa. Furthermore, each one of these farmers, who migrated
out of Agriculture because of drought, became an additional burden on the social security
system in South Africa. Therefore, it is strategically important to provide safety nets to support

smallholder and communal farmers with continued production.

Indications are that drought safety nets should be activated for communal farmers already at

drought stage 2, which is characterised by 9. Drought declaration and activation for
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commercial farmers is at drought D3 with SP1,8. For livestock farmers, one should use the
12- and 24month SPI, while the-tnonth SPI during the growing season is more relevant for

crop farmers. Obviously, one should also consider other indicatargjumnction with the SPI.

The resilience or the ability of a household to cope with shocks is a function of several factors.
The available options such as distance from labour and produce markets (roads, large urban
centres), nearby forests, water sources and tourism all influbaceesiliency and coping
strategies of communities (Watts, 1983; Richards, 1986; Corbett, 1988; Hutschinson, 1992;
Rocheleatet al, 1995; FEWS, 1999; de Waal, 2004; Smucker & Wisner, 2007; Erikson &
Silva, 2009, Jordaan, 2011, Jordaaml.,2017). Thdevel of own resources a household can
draw for survival is also critical (Littlet al.,2006; De la Fuente, 2007; Dercon & Porter, 2007;

de la Fuente, 2008; Jordaan, 2011).

Farmers with large
reserves

|

Average farmers

Sale of liquid assets

matholder farmers or farmers with Sale of productive assets

Resource Base/Productive Capacity

Outmigration

Time

HGUREL5.3: DROUGHRESPONSE OF FARMERS AS A FUNCTION OF THEIR RESOURCE BASE
(Source: Author after FEWS (1999)).

Figure 1.5.3 compares the different thresholds of households with different levels of own
resources. It is clearly illustrated gure4.3 that households with different resource levels

reach different thresholds at different times.
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lllustrated inFigure1.5.3is that households with large resource levels (richer households), in
many cases, managed to increase their resource base due to favourable prices for animals or
other goods (FEWS, 1999; Erikson & Silva, 2009, Jordaan, 2011, Jordaan, 2016; &brdaan

al., 2017). They are the only ones with capital and are in a position to exploit members of lower
economic classes or smaller farmers (FEWS, 1999; Jordaan, 2011). Dercon & Porter (2007),
De la Fuente & Dercon (2008) and Porter (20&0hfirms previous findings from other
researchers in Ethiopia, where the outcome of shocks varies dramatically among households
with little resource base (poor households) comparédduoer” households.

Farmers with high debt ratios show the same characteristics as farmers with a low resource
base since they are forced to service debts even in times of shortages and cannot withstand

severe or extreme droughts.

1.5.2 List of drought indicators

Drought is a complex phenomenon with widgeging impacts on different systems and in
different climates and geographic regions. Comparing drought between climate zones and
different systems is very difficult (Hisdat al, 2004, Gerber, 2022). Therefore, the use of a
single drought indicator is not desirable. Authorities in South Africa rely mostly on
meteorological and vegetative indicators but even that could provide a false result. Gerber
(2022) reported that the Depant of Agriculture in the Nortlie Cape has already adjusted
indicator thresholds unique to the arid Northern Cape.

Drought classification should rely on expert analysis that synthesises the best available data
from multiple sources and work with local observers (farmers in this case) to localise drought
information as much as possible. Numeric inputs for meteorologioalight are (i)
precipitation, (ii) temperature, (iii) wind speed, (iv) evapotranspiration, (v) transpiration and
(vi) derived indicators such as the (vi) Standardized Precipitation Index (SPI), (vii)
Standardised Evaporation Precipitation Index (SP1l)) Percentage of Normal Rainfall, (ix)

Deciles, and other meteorological indicators.

Remotely sensed indicators that measure the impact of meteorological dryness are (i) NDVI,
(i) PASG, (iii) VCI, (iv) SVHI, (v) CPC Soil Moisture Index, and other indices. These

indicators represent agricultural drought. Hydrological drought indicatdrestipaire constant
29



Chapter 1: Literature Review

monitoring are (i) dam and reservoir levels, (ii) stream flow, and (iii) groundwater levels.
Municipalities, industry and mining are more concerned about hydrological drought, and an
essential indicator for municipalities and irrigation farmers is the defeapply ratio. The
demand/supply ratio is essential in that it is sensitive to factors controlled by people. Leakages
in water infrastructure, for example, increase water demand and directly impact the

demand/supply ratio.

Meteorologists and other specialists developed numerous indicators for drought, yet none of
these satisfied the need under all conditions. Examples of these in alphabetical order are (i)
crop moisture index (CMI) (i) mean monthly rainfall deficit, (iiij)ep cent of mean
precipitation, (iv) Palmer Drought Severity Index (PDI) (Palmer 1968; Alley, 1984; Karl &
Knight, 1985), (v) PUTU suite of plant models (Fouche, de Jager & Opperman, 1985; Fouche,
1992), (vi) Rainfall Anomaly Index (Van Rooy, 1966), (vijative drought resistance method
(Roux, 1993), (viii) rainfall deciles method (Erasmus, 1991), (iX) Roux expert system (Roux,
1991) (x) surface water supply index (SWSI) (Shafer & Dezman, 1982) (xi) reclamation
drought index (xii) deciles (Gibbs & Mathek967) (xiii) Standard Precipitation Index (SPI)
(McKeeet al.,1993) (xiv) Standard Precipitation Evapotranspiration Index (SPEI) (Vicente
Serranoet al., 2010) (xv) ZA schrubland model (Venter, 1992), (xvi) Zucchidamson
models (Zucchini, Adamson & NNrill, 1991), and others which are not relevant in the context

of this study (Du Pisani, Fouche & Venter, 1998; Wilhite, 2000; WMO, 2006; Vasilaides &
Loukas, 2009).

Several indices measure the deviation of precipitation for a given period from historical norms.
None of the major indices is inherently superior to the rest in all circumstances, yet some
indices are better suited than others for certain uses (UNCCD).Z0®® Palmer Drought
Severity Index (PDSI), for example, has been widely used by the US Department of Agriculture
to determine when to grant emergency drought assistance and can be used when working with
large areas of uniform topography such as the Kaflowever, areas with mountainous terrain

and the resulting complex regional microclimates find it useful to supplement Palmer values
with other indices such as the Surface Water Supply Index (SWSI), which takes snowpack and
other unigue conditions into @munt. The most commonly used index worldwide, though, is

the Standardised Precipitation Index (SPI) and, where possible, the Standardised Precipitation

Evaporation Index (SPEI) (UNCCD, 2009).
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The SPI and SPEI are among the most important indicators to characterise meteorological
droughts worldwide. This is because temperature and evaporation play a vital role in moisture
deficit, and the SPEI provide a better indicator for drought than th€\&¢dnte Serrano,
Begueria & Lopez, 2010; Begurd al.,2010). On the other hand, Kim, Byun and Choi (2009)
believe that the Effective Drought Index (EDI) is a better index than the SPI and SPEI since

runoff during heavy storms is considered, which isthe case with SPI and SPEI.

The Department of Agriculture Fisheries and Forestry (DAFRurrently, Department
Forestry, Fisheries and Environment (DFFEy)ith the approval of the National Drought Task
Team, finalised drought hazard indicators to be used in the future (Jetdda@015). Tables
1.5.5t0 1.5.10provide a summary of available indicators that is easy to use and is used
regularly by different countries. Indicator classification is done according to meteorological,
remotely sensed vegetation indicators, hydrologacal composite indicators. Globally more
than sixty drought indicators are listed in the literature. The following are the acronyms for

certain concepts used in the indicator list.

AWC Available water content Rad Solar Radiation
CcC Crop coefficient RD Reservoir

CD Crop data S Snowpack

ER Eco region Sat Satellite

ET Evapotranspiration SF Stream flo

GW Groundwater ST Soil type

LC Land cover SWD  Soil water deficit
Mod Modelled T Temperature
Multiple Multiple indicators used Td Dew point Temperature
P Precipitation w Wind data

PET Potential Wind Data Y Yield data (crops)

Known drought indicators listed in publications are summarised in the following tables.
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TABLE 1.5.5. METEOROLOGICAL INDICATORS

Index Input Additional Information
parameters
- P, T, PET, : :
Aridity Anomaly Index ET Easy tocalculate but not operationally used in SA
Aridity Index P, T Easy to calculate. Can also be used for climate classifications
Consecutive dry days (CDD) P Easy to calculate.
Cumulative Precipitation Anomaly (CPA) P
Crop Moisture Index (CMI) P, T Requires weekly values for both P and T
China Z Index P, T Intended to improve on SPI. Simple to calculate
Deciles (DECILES) P Easy to calculate. Used in Australia
Drought Area Index (DAI) P
Drought Frequency Index (DFI) P
DroughtReconnaissance Index (DRI) P T Requires _n"_lonth!y P and T data. Valuable to identify the onset and ¢
water deficit periods
Drought Severity Index (DSI)
: Requires dailyeffective precipitation (EP), daily mean Efeviation of
Effective Drought Index (EDI) P EPq(DEP) angle the stangardirz)ed vallfe o)f DEPY
Effective Precipitation (EP)
Evapotranspiration Deficit Index (ETDI) P, T, Complex calculations with multiple inputs required

Calculations are based upon the climate of the area of interest.
Developed to identify drought in the early stages using a uniform
method specific to the climate of the region. It is the net effect of

KeetchByran Drought Index (KBDI) P, T evapotranspiration and precipitation in producing a moisture deficie
in the upper layers of the soil and also givesnalication of how much
precipitation is needed for saturation of the soil and eliminating drot
stress.
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NOAA Drought Index (NDI)
Palmer Drought Severity Index (PDSI)

Percentage of Norm&8recipitation(PN)

Palfai Aridity Index (PAI)
Rainfall Anomaly Index (RAI)

Reconnaissance Drought Index (RecDI)
Standardised Anomaly Index (SAl)

Standardised Precipitation Index (SPI)
Standardised Precipitation Evaporation Ind:
(SPEI)

Soil Moisture Anomaly Index (SMI)
Weighted AnomalyStandardised
Precipitation (WASP)

Z-Score

P

P, T, AWC

Best used for application in agricultude precipitatiorbased index in
which the actual precipitation measured is compared with normal v:
during the growing season.

Complex calculations and requires serially complete data

Easy to calculate. Used in South Africa together with SPI. Percent ¢
normal is calculated by dividing a given precipitation by the normal.
time scale of the analysis can vary from a single month to a year
Ratio of the mean annual P and the mean annual ET. Higher value:
represent more humid areas.

Requires serially complete data

Combine P an®ET in a single index. Similar to the SPEI

Requires P data at monthly, seasonal or annual time steps. Easy tc
calculate

Globally widely used. Most common indicator in SA.

More accurate than SPIl. Combine P and ET in same calculation

Uses gridded data for monitoring drought in tropical regions. Might |
applicable for use in high rainfall areas

Simple to calculate but shorter time scale with large difference in m
and mediamight not be accurate. Also valuable for hydrological
drought

33



Chapter 1: Literature Review

TABLE 1.5.6. HYDROLOGICAL INDICATORS

Index

Base Flow Index (BFI)

Cumulative Streamflow Anomaly (CSA)

Dam Levels (DL)

Groundwater Levels (GL)

GroundwateResource Index (GRI)
Low Flow Index (Q90)
Normalised Difference Water Index (NDWI,

Palmer Hydrological Drought Index (PHDI)

Palmer Z Index (Andex)

Regional Streamflow Deficiency Index
(RSDI)
Simple Water Ratio Index (SRWI)

Input
parameters

SF, G.

Surface water
demand and
freshwater
biota

Dam levels,
daily/weekly
Groundwater
levels, monthly

P, T, AWC

Streamflow or
dam levels

Srtreamflow

Surface water

Additional Information

Ratio of longterm baseflow to total streamflow and it represents t
continuous contribution of groundwater to river flow.

The deficit anomaly indices provide more differentiated, spatial a
temporal patterns that help to distinguishdlegree of the actual
drought hazard to vegetation health or the water supply.

Dam levels

Actual groundwater level as a % from maximum

Interpolation over large areas is challenging due to variations in ¢
types and different cropBased on the original PDSI and modified
take into account longgerm dryness that will affect water storage
streamflow and groundwater. PHDI has the ability to calculate wi
a drought will end based on precipitation needed by using a ratio
moistue received to moisture required to end a drought.
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Standardised Reservoir Supply Index (SRS Reservoir Similar calculation as SPI using reservoir data
Standardised Streamflow Index (SSSI) Streamflow Similar calculation as SPI usirstreamflow data
Standardised Water Level Index (SWI) Groundwater = Similar calculation as SPI using groundwater level data
Streamflow (SL)

Surface Water Supply Index (SWSI) Snow Explicitly accounts for snowpack and its delayed runoff

A traditional assessment of hydrological drought is total water de
synonymous witlthe drought severity S. This severity is the prodt

- Streamfl_ow, of the duration D, during which flows are consistently below som
Total Water Deficit Index (TSDI) Reservoir . ' S :
truncation level (e.g., the hydroclimatic mean), and the magnitud
levels o X
which is the average departure of streamflow from the truncation
level during the drought period
Streamflow,
Water Index (WI) Reservoir
levels

TABLE 1.5.7. VEGETATION INDICATORS

Input parameter: Additional Information

Anomaly of Normalised Difference
Vegetation Index (NDVIA)
Corn Drought Index (CDI)
One of the firstattempts to monitor and identify drougielated
T(min), T(max). agricultural impacts using remotely sensed data. AVHRR data in
P, W, SR, ST, Y visible, infrared and neanfrared channels are all used to identify
and classify stress to vegetation due to drought.

Crop Specific Drought Index (CSDI)

Vegetation Water Moisture Index (VWMI)
Leaf Water Content Index (LWCI)
Modified Perpendicular Drought Index
(MDPI)
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Modified Perpendicular Drought Index

(MDPI)

Normalised Burn Ration (NBR)

Normalised Difference Vegetation Index | AVHRR
(NDVI) satellite data
Normalised Difference Infrared Index

(NDII)

Perpendicular Drought Index (PerDI)

Soybean Drought Index (SCI)
Standardised Vegetation Indé&VI)

;(T\I/n)s;(rg?r)()y Specifically designed for soybean growth monitoring
Using AVHRR thermal bands, TCl is used to determine stress or
vegetation caused by temperatures and excessive wetness. Con
are estimated relative to the maximum and minimum temperatur
and modified to reflect different vegetation responses to tanpe.
Used in conjunction with NDVI and the Vegetation Condition Inde
(VCI) for drought assessment of vegetation in situations where
agricultural impacts are the primary concern.

AVHRR

Temperature Condition Index (TCI) satellite data

Vegetation Condition Index (VCI)
Vegetation Condition Albedo Drought Inde
(VCADI)
One of the first attempts to monitor and identify drougghated
AVHRR agricultural impacts using remotely sensiatia. AVHRR data in the
Satellite data | visible, infrared and neanfrared channels are all used to identify
and classify stress to vegetation due to drought.

Vegetation Health Index (VHI)
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TABLE 1.5.8. SOIL MOISTURE INDICATORS

Input

Index Additional Information

arameters

The ARID predicts the status of moisture availability in the soil. It uses a

Agricultural Reference Drought Inde; combination of water stress approximations and crop models to identify t

(ARDI) P, T impact on of water stress on plant growth, development and yield for spe
crops.
Modelled A weekly soil moisture product calculated at four different soil depths,
. . . : including the total soil column, at 0.61, 1.23 and 1.83 m, and can be use
Soil Moisture Deficit Index (SMDI) | from various . ~. ; .
parameters indicator of shorterm drought, especially using the results from the

0.61mlayer.
Soil Moisture Drought Index (SMDI)

TABLE 1.5.9. COMPOSITE DROUGHT INDICATORS

Input parameters Additional Information

Difficult to calculate. Requires large amount of d&an be used in
the context of multiple types of droughtpacts. Looking at the total
Aggregate Drought Index (ADI) P, ET,S, R, AW,SP amount of water in a climate regime allows a better understandir
water availability to be mad&akes into account water stored as w
as moisture that comes from precipitation.
Agricultural Drought index (AgricDI)

Bhalme and Mooly Drought Index

(BMDI)
P, SM, Veg _Compo_sed of three warni_ng _Ievels (watch, vyarning and alert) by
M’odell’ed and integrating three drought indicators: SPI, soil moisture and remot
Combined Drought Indicators (CDI) requires alssatellite sengegl vc_egetation data. A wa_tch is indicated when there is a
data precipitation shortage, a warning level is reached when the

precipitation shortage translates into a soil moisture shortage, an
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Crop Specific Drought Index

Multivariate Standardised Drought
Index (MSDI)

Modified Palmer Drought Severity
Index (MPDSI)

Normalised Multiband Drought Index
(NMDI)

Palmer Drought Severity Index (PDSI]

Reclamation Drought Index (RDI)

Remote Sensing Drought Risk Index
(RSDRI)
Sperling Drought Index

Soil Moisture Anomaly Index (SMA)

Surface Water Supply Index

P, T,S, RD, SF

P, SM
Modelled

P, T,ST

P, T,S, RD, SF

P, T, AWC

P,R, S, SP

warning occurs when the precipitation and soil moisture deficits
translate into an impact to the vegetatibar use in agriculture.
Quality data of many variables needed. Challenging to use
Uses information on botA and SMo identify and classify drought
episodes by investigatifgandSM deficits. It is helpful for
identifying drought episodes where typi€abased indicators or SM
based indicatoren its ownmay not indicate the presence of droug

Calculated using monthly temperature and precipitation data alol
with information on the watehnolding capacity of soils. takes into
account moisture received (precipitation) as well as moisture sto
in the soil, accounting for the potential loss of moisture due to
temperature influences.

Similar to surface watesupply index but also requires P and T dat
Applicable in regions with snow as one of the water sources

Intended to improve on the water balance of P@&h use weekly o
monthly precipitation and potential evapotranspiration values in ¢
simple water balance equation. It is intended to reflect the degre:
dryness or saturation of the soil compared with normal condition:s
to show how soil moisture ssginfluences crop production around
the world.

Many methodologies and derivatives are available, but comparis
between basins are subject to the metiaaben
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United States Drought Monitor

Vegetation Drought Response Index

Multiple Interpretation of local and regional conditions is required
SPI, PDSI% annual
seasonal greenness
start of season
anomaly, land cover
soil available water
capacity, derived
variables

Developed as a drought index that was intended to monitor drou
induced vegetation stress using a combination of remote sensing
climatebased indicators, and other biophysical information and I¢
use data.

TABLE 1.5.10. INDICES DEVELOP WITHIN SOUTH AFRICA FOR SOUTH AFRICAN DROUGHT CONDITIONS

Index

PUTU Suite of Plant Models
Relative Drought Resistance Model
ZA Shrubland Model
ZucchintAdams Drought Model

Input parameters Additional Information
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1.6Indicators Proposed for the Livestock Sector in South Africa

This section focuses on current and potential indicators useful for the extensive livestock
sector. The first part deals with meteorological indicators followed by a discussion of

remotely sensed indicators for drought.

1.6.1 Meteorological

Three indicators are currently in use in South Africa namely percentage of normal
precipitation, precipitation deciles and the SPI. The SPEI is also discussed as it provides more
accurate results by the inclusion of evapotranspiration in the equatioREbr S

1.6.1.1Precipitationexpresseds percentage of the loAgrm mean

The longterm mean percentage precipitation is the most common and easiest way to indicate
drought classificationBelow the threshold of 75%or a certain periodthe index may
indicate meteorological drought. Depending on the period for which the deviation is
calculated, it may serve as an indicator lmth agricultural (12 months and less) and
hydrological (24 months and more) droughitke timing of deviation is crucial for rainfed

crop framers. A low percentage of average precipitation combined igithtémperatures

during the growing season of specific crops might have disastrous results. On the other hand,
a low percentage of average precipitation outside the growing season might not be as

damaging.

An example of a percentage of normal precipitation is illustrat€tbimre1.6.1 The map in
Figure 16.1 is part of a larger report named UMLINDdr on the web site
www://drought.agric.gov.zaroduced monthly by the Agricultural Research Council (ARC).
The percentage of normal precipitation are always linked to a specific period.
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The categories currently used are not fully aligned with the proposed drought classification
system for South Africa and the decile system discussed in the followirgestibn. The
category 0% to 25% of average precipitation for a single month is ne¢seedy a reflection
of drought. The decile categories for the proposed South African drought classification

system are as follows:

DO drought (Dry period) = <75% of mean precipitation for 30 days

D1 drought (Moderate drought) = <70% of mean precipitation for 30 days
D2 drought (Severe drought) = <65% of mean precipitation for 180 days
D3 drought (Extreme drought) = <60% of mean precipitation for 180 days

=A =4 =4 -4 -4

D4 drought (Extraordinary drought) = <65% of mean precipitation for 360 days

Figure1.6.2 shows the percentage of long term mean precipitation for the pgnov@024
to September 2024t is clear that the comparison of the lontgm data is more reliable for

drought classification.
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The map inFigure1.6.2clearly shows that most of the Northern Cape (NC) recdr®sl
than themean rainfall fromApril 2024 to September 2027 his period covers theinter
months and should not have a significant impact on vegetation growth if the province receive

normal rainfall from September.
1.6.1.2Precipitation Deciles

Precipitation deciles are used to express the ranking of precipitation for a specific period in
terms of the historical time series. To calculate deciles, you first need to arrange the
precipitation data, for example, precipitation totals, in ascendingr dftom lowest to
highest). Next, divide the ranked data set into ten equal parts (i.e. ten blocks of 10%). So, for
example, the first group (the lowest 10% of rainfall totals on record) would be in decile range
one, the second group in decile range twmto the highest 10% of rainfall totals being in
decile range 10.
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A rainfall total in decile range ten would be in the top 10%, higher than (at least) 90% of
previous monthly observations. The highest total on record is at the very top of decile range

10, while the lowest total is at the bottom of decile range 1.

In applying the proposed drought classification system for South Africa, the following deciles

approximately represent different drought classifications.

Decile 1 = D4 drought (Extraordinary drought, only over longer periods)
Decile 2 = D3 drought (Extreme drought only over longer periods)
Decile 3 = D2 drought (Severe drought only over longer periods)

Decile 4 = D1 drought (Moderate drought only over longer periods)

= =4 -4 -—Aa -2

Decile 5 = DO drought (Dry or normal period only over longer periods)

The decile system to categorise precipitation is only useful when used over long periods in
the same way as the percentage of {tBrgn mean precipitation. Therefore, it is not an

indicator of drought, mainly when determined for shorter periods such asanib.

The ARC also produces decile maps published monthly in the UMLINDI repdrtn the
drought websiteThese maps only show the precipitation concerning theteang mean for

the previous month. An example of the precipitation decile mapdptember 2024 shown

in Figure1.6.3 In the map, a value of fiveepresents the median value for the time series. A
value of 1 refers to the rainfall being low or lower than experienced idriest 10% of a
particular month historically (even possibly the lowest on record for some areas). In
comparison, a value of 10 represents rainfall as high as the value recorded only in the wettest
10% of the same period in the past (or even the highestamnd). It, therefore, adds a

measure of significance to the rainfall deviation.
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1.6.1.3StandardizedPrecipitation Index (SPI)

The SPIquantifies precipitation deficits at variable time scales and provides an indication of
drought intensity and duration based on the historical distribution of rainfall. It has been
applied with success in various parts of the wdtidsimplicity and application over a wide
range of climatic regions and all seasons make it an attractive tool for delineating drought
conditions The SPI has been used to track the evolution of drought at time scales ranging
from 1-36 months or longerDepending on theelevant period, the index can be used to

identify both agricultural and hydrological droughts.

Noteworthy, however, is the time scale of measurement and during which season. Fhe three
month and sixnonth SPI during the growing season is very important for crop farmers since
a low three and sixmonth SPI from November to March in the summer rairdedla can

result in total crop losses. The-frionth and 24nonth SPI is more relevant to livestock
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farmers, but a low sbmonth SPI during the growing season might also impact livestock

farmers negatively.

The SPI and SPEI are globally the preferred indexes to be used for drought risk assessment
(WMO, 2009), henceforth using the SPI1 and SPEI as the preferred meteorological indicators
for drought classification. Therefore, the SPI and SPEI are discussediimdeae following

two sections. In order to understand the meaning ofaB&ISPEI, one should also review
some other definitions and concepts related to these indices. These are discussed below
(McKeeet al.,1993; Western Regional Climate Centre, 201

1 Accumulated precipitation 7 the total precipitation that has fallen during the
indicated number of months through the end of the month displayed.

1 Accumulated Precipitation Departure i the amount by which the indicated
accumulated precipitation is above or below the {taxgh average for the same set
of months. The local seasonal cycle of ldagm average precipitation is
automatically accounted for. A departure of O indicates that tawlsracisely equal
to climatological values.

1 Accumulated Precipitation Percent of Averagei the observed accumulated
precipitation, over the time scale of interest and extending through the end of the last
month indicated, divided by the loftgrm average precipitation, which would be
expected taccumulate over the same set of months, and then multiplied by 100. A
value of 0 indicates no precipitation at all, and a value of 100 per cent indicates that
the amount is equal to the climatological average.

1 Percentile, or "Probability of Non-Exceedence'i thisquantity indicates how often
a value of the magnitude observed is seen and its degree of "unusualness”. A value of
0 means that zero per cent of the other values in the record does not exceed that value,
or in other words, all other values exceed thate/ado that the value in question is
so low that it seldom, if ever occurs. A value of 50 indicates that half of the historical
values are higher and 50 per cent are lower. A 75 indicates that 75 perf tem
values are as low as this value, or conversely, only 25 per cent of the values are higher

than the given value. A value of 99 means that 99 per cent of the observed values are
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lower, and this value is in the top one per cent of all values. Values near 50 are not

unusual; values near 0 or 100 are very unusual.

Tom McKee, Nolan Doesken and John Kleist of the Colorado Climate Centre formulated the
SPIlin 1993to better represent wetness and dryness than the Palmerivdeze et al,

1993) In contrast to the Palmer index, which is basedmomthly water balance accounting
scheme that involves precipitation, evapotranspiration, runoff and soil moisture, the SPI1 was
developed to quantify a precipitation deficit for different time scatesdifferent locations

In addition, it was desigrd to be an indicator of dry and wet periddat recognises the
importance of time scales in analysing water availability and watMdd¢eeet al, 1993;

1995; Keyantash & Dracup, 2002; Moregial,, 2008)

The advantage of the SPI and SPEI is that one can relatively easily analyse dry periods or
anomalously wet periods at a particular time séadeny location in the worlavith daily
precipitation recorsl (McKee, 1995; Moreiraet al., 2008) The appropriateness and
robustness of these indicescharacterise dry periods have already been shown in several
studies (Keyantash & Dracup, 2002; Paulo, Perreira & Matias, 2003; &doeira, 2005;

2007; 2008Moreiraet al.,2008. Drought, early warning and msurement of the onset of
drought usinglrought indices received much research attention from sceer@iahdelliere

& Salas (2007), for instancdeveloped a stochastic approach to foravasithly SPI values

for different time scales. Mishra & Desai (2006) and Thyer, Frost & Kuczera (2065)
developed aural networks and stochastic models applied to precipitation time series data
The stochastiproperties of the SPI time series data for predicting index class transitions
were analysed using Markov chain modelling, andlilogar models wer used for the same
purpose (Paulet al.,2005; Moreiraet al, 2008). Moreireet al. (2006) applied lodinear

models to analyse class drought transitions and to search for the impact of climate change on

drought severity and frequency.

The SPI has the following desirable traits (Mcketal.,1993):

1 First, SPI is uniquely related to probability.
1 The SPI s typically distributed and is therefore valuable for monitoring dry and wet

periods.
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1 Because of the normal distribution of SPI, the drier and wetter climate regimes are
represented similarly.

1 The precipitation data in SPI can be used to calculate the percent of mean precipitation
for a specific period.

1 Finally, the SPI calculations' precipitation data show the specific period's

precipitation deficit.

The technique to calculate the SPI is discussed henceforth. Conceptually, the SPI is
equivalent to the Z scordten used in statistics as follows (Lleytlighes & Sanders, 2002;
Giddings, Soto & Rutherford, 2005):

Where X= precipitation (observed or simulated)

XN"= precipitation mean (observed)

U = Standard deviation

Typical frequency distribution of precipitation for a given time scas&eésved with the mean
precipitation larger than the median, in other words,gaoissian, but somewhat skewed
towards larger values of precipitation (skewed to the rigtg.lower median than the mean

is typical in arid and sendrid regions such as the Karoo and the Northern Cape. That means
that precipitation values are below the mean more than half of thekiatze& Glantz (198%

found that precipitation frequency distributioor fmore extended time scales such as 24
month and 48nonth time scales became more gaussian with skewness of near zero. Thom
(1966) andSakulski & Jordaan (2014pund the Gamma distribution to fit climatological

precipitation time series well.

The Gamma distribution is defined by its frequency or probability density function:

a-1.-x/'b for X>0

1
g(x) = Q@)

Where: a > 0 a is a shape parameter
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b>0 bisa scale parameter
x>0 xis the precipitation amount

Ga) = fj y** e dy
0
G(a) is the gamma function

Calculating the SPI is done by fitting two parameters gamma probability density function to
a calculated frequency distribution of precipitation totals for a data set. Two parameters,
alpha and beta, of the gamma probability density function are estifoatath data set, for
each month of the year, and for each time scale (thieehs,six months, 12 months, 24
months and 48 months) (McKeeal, 1993,Sakulski, 2002Jordaan & Sakulski, 2009

Thom (1966), as cited by Sakulski (200&)ggested that the maximum likelihood solutions

are used to estimate parameters alpha and beta optimally:

AN
Where: A=In(X) -
n

n = number of precipitation observations
The resulting parameters are used to calculate the cumulative probability of an observed
precipitation event for a specific month and time scale for a specific area. The cumulative
probability is given as:

X
1 ~a-1

e x/bdx
b Ga) T

If t=x/b, the equation becomes the incomplete Gamma function:

G(x) = Xﬁg(x)dx:
G =L Al dt
Ga) ,

As an Excel function, Gamma transform = GAMMADISH(h o1 6 Q
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The gamma function is not defined for the valuexs0, and a precipitation distribution

contains zero values, the cumulative probability therefore becomes:

H(X) = q + (£9)G(x)
Whereq = probability of a zero value.

Thom (1966) estimated g by m/n if m is the number of zero values in a precipitation time
series. Thé&tandardized Precipitation Index (SPI)is then calculated by transforming the
cumulative probabilityH(x), to the standard normal random variaBleith mean zero and

variance one.

Abramovic & Stegun (1965) asted by Sakulski (2002) proposed an easy way to calculate

SPI using approximations. It converts cumulative probability to the standard normal random

variableZ:
a c.+ct+ct? 0
Z=SPl=-g&- 0o 2 , 0<HX)¢0.5
ég 1+d,t+d,t? +d3t3§ )
a c.+ct+ct? 0
Z=SPl=+&- 0 1 , 05<H((X) <1
% 1+dt+d,t? +d3t3§ )
Where: t= |r\£—§l L § 0<H(x)¢ 0.5
' H(x)?*=" '
é g 05<H <1
%1 H(x) 28 ' (x)
Co= 2.515517
c1=0.802853
c>=0.010328
d1=1.432788
d>=0.189269
ds = 0.001308

The SPI and SPEI represent the number of standard deviations above or below the mean (z
score). Since precipitation distribution is initially skewed, the almgationed is not exactly
valid for the short time scales. The SPI and SPEI will have a standardhl distribution
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with an expected value of zero and a variance of one during the base period for which the
gamma parameters are estimated. Drought risk assessment requires an index with a fixed
expected value to compare the index values between different regions witenditlenate
regimes (Katz & Glantz, 1985). The spatial and temporal dimensions of drought could be a
challenge in developing a drought index because not only must an anomaly be normalised
for location, but an anomaly must also be normalised in time tdupeoa meaningful
estimate of droughThe SPI and SPEI accomplished both (Mcléeal, 1993; Giddingst

al., 2005; Kimet al.,2009). The SPI is firstly normalised to a region or station because it
accounts for the frequency distribution of precipitation and the accompanying variation in
the region or at the station. Secondly, the SPI is normalised in time because it can be
calcuated at any number of time scales. In addition to that, no matter the location or time
scale, the SPI represents a cumulagx@bability of the base period for which the gamma
parameters werestimated Sakulski, 2002Giddingset al, 2005; Kimet al, 2009)

Figure1.6.4 shows the standard normal distribution for SPI, and it illustrates that about 62%
of the time, the SPI will be between 0.5 alb, representing a normal climate condition.
SPI betweer0.5 and-0,79 is experienced about 31% of the time, represenipaought,

with 23% of the time betweei®.8 and-1.2, which indicates B1 drought. Severeor D2
droughts are normally experienced about 15% of the tinx¢rede droughts (D3
droughts) with valuesbetween1.5 to-1.99 is experienced between 6% andafithe time.

Extraordinary droughts (D4 droughts) are expected between 2% and 3% of the time.

6.7% probability for / \
severe and extreme o
drought 3
|w)] @D
N =.
21 <o g
@ 3 9 )
3 & o ©
51 =/
é % 19.19%[19.1%
0
Extraordinary o g oy
Grousnt & 15.0% 15.0%
D4 g 29,
0.1% 0.5%
-3 25 -2 —1.5 — 0.5 0 0.5

FHGUREL6.4: STANDARD NORMAL DISTRIBUTIONSIAINNDSPEI
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Since 1993, when McKest al.(1993) introduced the SPI, several authors proposed slightly

different categories (classifications) of dry and wet periods. According to MeKeg

(1993), a drought event for time scale x is defined as a period in which the SPI is continuously

negative and the SPI reaches a valud @f or less. The dry period begins when the SPI first

falls below zero and ends with the positive value of SPI foligva value 0f1.0 or less. The

problem with McKee's classification is thatloes not provide a normal year classification

with a slight deviation from the SPI of zero. One should expect slightly above zero or slightly

below zero as normal. Agnew (2000) argues in strong language against this; in his words, he

wrote: i | n

Mc Keebds

classificat.i

on

al

negativ

occurrence of drought; this means for 50% of the time, drought is occurring. This is clearly

nonsens&

M ailigaeily defined drought intensity for values of the SPI with the
following categories (McKeet al., 1993; 1995):

0to -0.99
-1.0to -1.49
-1.5t0 -1.99

= =4 —a -

less than -2.0

mild drought

moderate drought

severe drought

extreme drought

Agnew(2000) questions the values assigned by Maes. (1993) and raises the notion of
iper si st e,mhichdonfoses draught withdésiccatiod'. Warren & Khogali

(1992) distinguish drought from desiccation by arguing that (i) drought occurs when moisture

supply is abnormal below average for up to two years and (ii) desiccation is a period of

aridification brought about by decades of climate clkarngperefore, coping mechanisms for

desiccation require loagerm measures such as resettlement and-uaadchange, while

drought requires sheterm measures. Agnew (2008uggested alternative thresholds

because of using different drought classes with the analysis of annual ramfalthe

Sahelian region in West Africa, which is well known for its extreme droughts and the problem

of changing the base averaging periods. Categories proposed by Agnew (2000) are:

1 higher than -0.5
f -0.5to0-0.84

no drought

moderate drought

! Aridness or aridity
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1 -0.84to-1.28 severe drought
1 -1.28toi1.65 extreme drought

Hayes (2000) proposes modifications to Agn
probability occurrences as guideline for his classification. He proposes the use of the term
dry instead odrought because that is more appropriate for short time scales. Hayes (1999)
links the termextremeto the 5% probability ansleverea 10% probability. These categories

are also the basis for the US monthly national SPI maps:

T 20+ extremely wet
T 1.5to 1.99 very wet

T 1.0to 1.49 moderately wet
1 -0.99to 0.99 near normal

f -1.49toi1.0 moderately dry
f -199toil5 severely dry

i -2.0and less extremely dry

The classification proposed by McKee (1993), Hayes (1999) and Agnew (2000) is proposed,
and we propose the following for use in South AfriChe national drought plan provides
SPI thresholds and drought classes, as shown in T&ble

TABLE 1.6.1. DESCRIPTION AND THRESHOLDS OF DROUGHT CATEGORIES ACCORDING TO SPI
VALUES

Approximate
% of time

Approximate
Probabilit

Drought description SPI value

Normal climate -0,49t0 0.5 @®2%
Dry period -0,5t0-0,79 @B1% @ in 3 years
Moderate drought  -0.8 to-1.29 @3% @ in 5 years
Severe drought ~ -1.3t0-1.49 @5% @ in 7 years
Extreme drought ~ -1.51t0-1.99 @%to 7% @ in 15years
Exceptional drought <0.2 @%to3% @ in 30 years
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1.6.1.4Standard PrecipitatioBvapotranspiratioindex (SPEI)

Vicente Serrano, Beguiria & Lopédoreno (2010) developed the Standard Precipitation
Evapotranspiration Index (SPEI) lepnsidering evapotranspiration. The SPEI is based on
precipitation and evapotranspiration data and has the advantage of combiningscatadti
character with the capacity to include the effects of temperature variability on drought risk

assessments.

The SPEI combines the sensitivity of the PDSI to changes in evaporation demand caused by
fluctuation and trends in temperature with the simplicity of the calculation and- multi
temporal nature of the SPI. Because of the inclusion of temperature and tenepesids,

the main advantage of the SPEI above other indices is its ability to identify the role of
temperature variability and evapotranspiration in drought risk assessments in the context of
global warming (VicenteSerranoet al., 2010; Beguiria, Vicete-Serrano & Angule
Martinez, 2010; Potop, 2011).

In order to understand the principles for SPEI calculation, one should understand
evapotranspiration. Evapotranspiration is the most significant component of the hydrological
budget after precipitation, and it varies according to weather, temperature iathd w
conditions. The impact of evapotranspiration becomes more significant during dry periods
since it continues to deplete the limited remaining surface water supplies and soil moisture
(Thornthwaite, 1948; Alley, 1994; Alleet al,, 1998; Wilhite, 2000VicenteSerrancet al,

2010).

Evapotranspiration is the water lost to the atmosphere through evaporation and transpiration.
Transpiration is the loss of water through the leaves of plants, and evaporation is the loss of
water from open water bodies and the soil. The determinatesdpoganspiration include

net solar radiation, surface water area, wind speed, density and iggetdtion cover, soil
moisture, root depth, reflective land surface characteristics and season (Hanson, 1991).

Potential evaporation or potential evapotranspiration (PET) is defined as the amount of
evaporation that would occur if a sufficient water source were available. Suppose the actual

evapotranspiration is considered the net result of atmospheric demandisturenfrom a
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surface and the ability of the surface to supply moisture. In that case, PET is a measure of the
demand side. Surface and air temperatures, insolation, and wind all affaafittite. (2000)

definesdry landasa place where potential annual evaporation exceeds annuaitpteip

The SPEI is based on the same calculation methodology for SPI. However, the calculation of
potential evapotranspiration (PET) is also included since SPEI uses the monthly or weekly
difference between precipitation and PET as a basis for calculation. &@lcuf PET is the

most difficult because of numerous parameters such as surface temperature, air humidity,
incoming soil radiation, water vapour pressure and grainubsphere latent and sensible
heat fluxes (Alleret al, 1998; VicenteSerrancet al, 2010). The lack of reliable data for all

the parameters forced scientists to use alternative methods for calc&&flngvicente
Serranoet al. 010) therefore propose the Thornthwaite method of calculating PET.
Thornthwaite (1948) proposethe use of monthly mean temperature. Following
Thornt hwai teds met hod, PET i setalt201®;iVicental c ul a
Serranoet al, 2010):

In order to calculate Potential Evapotranspiration (PET) using the Thornthwaite method, first,

the Monthly Thorthwaite Heat Index (i) calculation is required, using the following formula:

Q

clo-

Where t = mean monthly temperature.

The Annual Heat Index (1) is calculated as the sum of the Monthly Heat Indices (i):

Potential Evapotranspiration (PET) estimation is obtained for each month, considering a
month is 30 days long and there are 12 theoretical sunshine hours per day, applying the

following equation:
5 ove e P
Pe® —3
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WhereT is the monthly mean temperature in 1@ a heat index, which is calculated as the
sum of 12 monthly index valuesbeing derived from the mean monthly temperature using

the formula:

"y 8
0
v

Where m is a coefficient depending on I, and K is a correction coefficient computed as a

function of the latitude and month by:

0 V0D
o

WhereNDM is the number of days of the month @b the maximum number of sun hours,
which is calculated according to:

CT”

Wherevysis the hourly angle of the sun rising, obtained as:
" AOAAD OE %0 GOET
Whereu is the latitude anf is the solar declination (both in radians):

0
i Ttﬁnaod)ac— pg& L
oQu

Wherelis the average Julian day of the month. With a valuPEd¥, the difference between

the Precipitation®) andPET for the month is calculated:
O 0 0Oov

The result simply measures the water surplus or deficit for the analysed month. The
calculatedD; values are aggregated at different time scales, following the same procedure as
for the SPILVicenteSerrancetal. (2010) found the selection of the most suitable statistical
distribution to model th® series difficult, given the similarity among the four distributions
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(Pearson Ill, Lognormal, Letpgistic, and General Extreme Value). They based the selection

of the most suitable statistical distribution model on the behaviour at the most extreme values.
They realised the Lotpgistic distribution showed a gradual desean the curve for low
values, and coherent probabilities were obtained for very low values of D, corresponding to
1 occurrence in 200 to 500 years. In addition, they found no values below the origin parameter

of the distribution.

The probability density function of a thrparameter logdogistic distributed variable is
expressed as

WhereU, b ando are scale, shape and origin parameters, respectivelfp, ¥atues in the
range 0> D )<Parm@meters of the Ldggistic distribution can be obtained following
different procedures. Vicente Serragioal. (2010) follow Ahmedet al. (1988), who found

the L-moment procedure the most robust and straightforward approach. Vicente ®rrano
al. (2010) further follow Singhet al. (1993), who reported thawvhen L-moments are
calculated, the parameters of the Pearson Ill distribution are obtained as follows:

3p A 3p @
W v |3p @ 3p @

Wh e r @ is th€ gamma function & The probability distribution function & according

to the Loglogistic distribution is then given by:

"0 ~ G
P w

Wh e r @ is th€ gamma function & The probability distribution function & according

to the Loglogistic distribution is then given by:
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6 6w Ow

nY’;‘ € e~ : : : : :
LoD p Quw Qw Qw
Where: ) R

ForPO 0 .PBeing the probability of exceeding a determiBedalue,P=1-F(x). If P>0.5,P
i's r epl @cand thebsign of ihe resultant SPEI is reversed. The constants are:
C0=2.515517C1=0.802853C2=0.010328d1=1.432788d2=0.18926903=0.001308.

The average value of the SPEI is 0, and the standard deviation is 1. Like the SPI, the SPEI is
a standardised variable that can be compared with other SPEI values over time and space. An
SPEI of 0 indicates a value corresponding to 50% of the cumulatoslptity of D,
according to a Logpgistic distribution.

Scientists, in general, agree that precipitation is the most critical variable in explaining
drought and that it should always be included in the calculation of droughtsrditey,

1984; McKeeet al, 1993 Sakulski, 2002; Breguiriat al, 2010;VicenteSerranoet al,

2010; Hayeset al., 2011, Jordaan, 2011; Jordaan et al., 2011; Jordaan & Sakulski 2004;
Jordaaret al, 2014). On the other hand, the inclusion of a variable that accounts for climatic
water demand is not always acceptable since itsr@eught conditions is not always well
accepted and understoddu & Wilson (2000)and VicenteSerrancet al. (2010) argue that
temperature, and evapotranspiration, play a major role in explaining drought variability in
drought indices. They argue that evapotranspiration determines soil moisture variability and
vegetation water content, which directly affecta@gtural droughts commonly recorded by
short timescaleindices. Narasimhan & Srinivasan (2005) and Vicegerancet al. (2010)
conclude thaevapotrangiration-based indices show better results than precipitdtased

indices for shorterm agricultural droughts.

Vicente Serrancet al.(2010) find little difference between precipitatibased indices such
as SPI and evapotranspiration indices such 4Dl and SPEI where temporal trends in
temperature do not exist. Furthermore, they find that the inclusion of PET only affects the

index when PET differs from average conditions, for example, in global warming scenarios.
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Khan, Gabriel & Rana (2008) found a low correlation between shallow groundwater
fluctuations and shoterm SPlvalues. However, they found a good correlation between
groundwater fluctuations at-,612- and 24month SPI values. This supports tagriory
expectation that groundwater and reservoir levels are better measured witariond2,

24- and 48month SPI or SPEI) values.

For example, the thonth SPEI for tertiary catchment N14B showirrigure1.6.5 clearly
shows one extreme dry period with SPE2 during 1981 1982. The samE&igureshows
these different dry periods' duration, intensity and severity. Severity is a function of duration

and intensity, and the SPEI provides a methodology for easy calculation of drought severity.

N14B 24-Month SPEI
34.3 dry-index-months (3.974% of time)
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Date [month/year]

Indicative linear trend: 0.111666 - 0.000366687 x |, p-Value=0,1094

Dates |(Apr 1991, May 1891) | [Jul 1991, Sep 1993}

Duration 2 27
Intensity 1.52 1.94
Severity 3.04 52.38

HGUREL6.5:24MONTFSPIGRAPH FOR TERTIARY CATCHMEXB
(Sakulski & Jordaan, 2014)

The longer period (2#nonth; Figure 1.6.5 and 48month; Figure 1.6.6) of the SPEI
calculation smooths the graph, and only the {tergn severe and extreme droughts become
visible. Therefore, the application of the SPEI in drought risk assessment becomes simple
when analysing the mentioned SPEI graphs. The calculatifsaqpfency (probability) and
severity of dry periods and droughts is now very easy.
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N14B 48-Month SPEI
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Drought frequency or probability is an important indicator when comparing different regions
for drought risk. Since the SPEI equation transfer the data as a normal distribution, one should
expect the probability for severe droughts to be < 0.67 and exthemghts to be < 0.23. In

other words, to simplify the argument, one could expect approximately seven severe droughts
for every 100 years and three extreme droughts every 100 years if-thentl2 SPEI was
calculated. The probability for extreme and sewdnoughts or dry periods remains the same

for the 3 and 6month SPEI, but one should keep in mind that probability was calculated for
3- and 6month periods; in other words, the probability for severe drought according to the
3-month SPI is 7 out of (108 3 = 300/12 = 25) 25 years and for then@nth SPI 7 out of

50 years.

Figure1.6.7 shows the exceedance probability for the example catchment D13F. Again, the
strength of the SPI1 and SPEI technique is illustrated here in that one can see how easy it is to
calculate the probability for drought values less than zero awet periodswith positive

values from 1 to 2,5 at the top of the grdptKeeet al.,1993 Guttman, 1999Hayeset

al., 1999; Wilhite, 200(a); Hayes2011).
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The questions to be answered in drought risk assessment are (i) which -Gfltke B4 or
48-month SPEI or SPI values represent disaster droughts for what sectors, and (ii) at what
SPEI or SPI value should disaster droughts be measured; islit@atextreme (D3) drought)

or <-2.0 (extraordinary (D4) drought)? Necessary for the extensive livestock sector s the 6
month SPI during the growing and rainy season and thedih, 24month and longer time
series. The longer time series SPI or SPEI resoétsnalicators for multyear droughts,

which might indicate disaster droughts that affect not only the vegetation but also

groundwater levels, streamflow and dam levels.

The ARCO6s UMLI NDI + ¥ Dtrand 3@gmorahvSPIdfar South Afreca 6
(seeFigures 1.5.8 (a,b,c,d) ). These maps are extremely useful for drought management
because they show muitear droughts and assist with increased interpretation. The

following are some of the conclusions from the SPI maps.

i.  The émonth SPI map represents the previous growing season in the summer rainfall
regions. From the-&onth SPI, it is clear that the NC experienced severely wet
conditions during the growing season, which supported vegetation growth. The 12
month SPI look similar to the 8nonth SPI, which is expected since it also includes

the winter months with usually very little to zero precipitation.
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ii.  The 12month SPI shows moderate to severe drought conditions for Richtersveld in

the far northwestern part of the NC. This region is extremely arid and also mainly a

winter rainfall area.

iii.  The 24 and 36month SPI maps show extremely drought conditions in the southern

region of the Eastern Cape (EC). Even thar&l 12month SPI maps show mild to

moderate drought conditions for this area. Therefore, one can expect a hydrological

drought withlow dam and groundwater levels in the Nelson Mandela Bay region.

iv.  The 24 and 36month SPI maps show wet conditions for most of the NC, and one

can expect that vegetation cover and groundwater levels to be recovered after the

201571 2019 multiyear drought.
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1.6.1.5Meteorological indicators developed in South Africa

1.6.1.5.Rainfall Anomaly Index

This technique was developed by Hertsal. (1966) and used rainfall as the source of input
data. The technique indexed the current rainfall as a variance from the mean precipitation of
historical periods of extremes of low precipitation by calculating the effective precipitation
for each month andllowed for the carmpver effect of a surplus or deficit in precipitation

from previous months using a series of weighting factors. The mean monthly deficit was then

calculated from the difference between atnd mean Precipitation (Du Pisanal, 1998).

1.6.1.5.2ErasmudRainfall Deciles Method

Developed by Erasmus (1991) and based on the same principles as deciles developed by
Gibbs and Mather (1967). Erasmus used drought intensity profiles for 400 individual rainfall
stations and ranked the cumulative frequency distribution of movingthoadly rainfall

totals into decile ranges. The current drought intensity was then calculated, ranked and

compared with specific decile ranges.

1.6.1.5.3Relative Drought Resistance Model

The Relative Drought Resistance Model (RDR) developed by Roux (1993) used total rainfall
over a predetermined period as an input data source. He calculated the meteorological status
by expressing total precipitation for a predetermined period before theghdras a
percentage of the loAgrm average precipitation for a corresponding time. The period to be
considered was calculated from the RDR of the area. The principle of this methodology was
that the higher the mean precipitation and the lower the &wauance, the less drought

tolerant the vegetation anite versaand the sooner one could expect a drought.

1.6.1.5.4ZucchinfAdams Model

The ZucchiniAdams model developed by Zucchini and Adamson (1991) uses daily, weekly,
monthly or annual rainfall as an input data source. The model is characterised by-lifee half

of an exponentially decaying factor such as rainfall. The exponentialdoraescribes the
decay in the benefit associated with precipitation as the time from the precipitation event
increases.
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1.6.2 Remotely Sensed Vegetation Indicators

The remotely sensed indicators reflect the results of meteorological droughts if interpreted
correctly. However, vegetation type and external factors such agj@azng and wildfires

might impact the results of some of the remotely sensed indicatoas.esslt, interpretation

of remotely sensed data in some cases requires gtauththg and adjustments. The
Northern Cape, for example, had to adjust NDVI and other vegetation thresholds to reflect
drought conditions in areas with different vegetationecoilore about the adjustments in

the next section.

This section discusses the most critical remotely sensed indicators that apply to the extensive

livestock sector.

1.6.2.1Normalised Difference Vegetation Index (NDVI):

(Source: https://land.copernicus.eu/global/products/ndvi)

The first and most commonly used remotely sensed indicator in South Africa is the NDVI.
NDVI is a remote sensinfgased index that measures vegetation conditions (Raiuake

1974). NDVI uses the advanced hig#solution radiometer (AVHRR) reflected red and near
infrared channels to calculate if the vegetation is healthy or unhealthy and sparse (e.g.,

suffering from drought or insect infestation).

Under healthy conditions, chlorophyll absorbs light, reflecting less R. Lower R values result
in higher NDVI values. Conversely, unhealthy plants reflect higher R resulting in lower
NDVI. Therefore, NDVI has extensively been used as a base index forlsenante sensing
indices that similarly measure vegetation conditions, e.g., the Vegetation Condition Index
(VCI) (Kogan 1990).

Reflectance from Sentin@/OLCI in seven Red and Nemfrared (NIR) bands is first
atmospherically corrected. Then-dfily BRDF normalised reflectance is computed from 30
days of input reflectance. The four narrow Red and three narrow NIR are averamead i
broad Red and NIR band, which are then used to calculate the NDVI. Uncertainty is

calculated by error propagation of the uncertainty of the seven inpof-ttgmopy (TOC)
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reflectance. The number of observations is calculated as the minimum of the number of

observations used for BRDF correction over the 7 TOC reflectance bands.

The equation for NDVI is as follows:

Where: NDVI = Normalised Difference Vegetation Index

NIR = Nearinfrared spectral reflectance

R = Visible red spectral reflectance
For many years, the NDVI has been widely used by thegbaphysical community to
monitor the vegetation state and disturbances to address a large range of applications,
including forestry, agriculture, food security, and water managefmeneéxample, the NDVI

was among the first remotely sensed drought indicators applied in South Africa.

NDVI values range from +1.0 td.0. Areas of barren rock, sand, or snow usually show very
low NDVI values (for example, 0.1 or less). Sparse vegetation such as shrubs, grasslands, or
senescing crops may result in moderate NDVI values (approximately@=) téligh NDVI

values (approximately 0.6 to 0.9) correspond to dense vegetation such as that found in
temperate and tropical forests or crops at their peak growth Jtageegative value of an

NDVI index refers to a lack of vegetation and other tygdaral use, such as builp areas.
Furthermore, a zero value indicates bodies of water, whereas positive values refer to different

types of vegetatiorates (Sun, J. et al., 20INIprawitz et al., 2006).

NDVI values can be averaged over time to establish "normal" growing conditions in a region
for a given time of year. Further analysis can then characterise the health of vegetation in that
place elative to the norm. When anagdthrough time, NDVI can reveal where vegetation

is thriving and under stress, as well as changes in vegetation due to human activities such as
deforestation, natural disturbances such as wildfires, or changes in plants' phenological stage
(USGS, 2018)

The NDVI maps irFigures 5. (a) and (b) illustrates the-ti&y NDVI difference for the period
30 March 2022 to 15 April 2022 compared to the NDVI for the period 14 March 2022 to 30

March 2022 (a) and the dday NDVI difference for the period 30 March 2022 to 15 April
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2022 compared to the same period in 2021. These maps show an improvement in vegetation
growth in most parts of the country. However, it says nothing about drought classification
since the NDVI results shown fgure1.5.9 are only a comparison of the NDVI for the

same period a year ago and do not provide a comparison with thtetamghean NDVI.

NDVI difference map for b
30 Mar 2022 - 15 Apr 2022 compared to
30 Mar 2021 - 15 Apr 2021

NDVI difference map for a
30 Mar 2022 - 15 Apr 2022 compared to
14 Mar 2022 - 30 Mar 2022

FHGUREL6.9:(A) & (B): L6DAYNDVMAPS FOQOI\/IARCI—QOZZTOlSAPRILZOZZ
(Source: ARC, 2022)

1.6.2.2Standard Difference Vegetation Index (SDVI)

The Standardised Vegetation Index (SVI) provides information about the relative vegetation
condition canpared to the years being anagsAs weatheconditions influence the state of
vegetation, the SVI can also be utilised as a drought index and for regular drought monitoring
to facilitate theearly identification of aslow-onsetdrought The SVI is based on satellite
Vegetation Indices (VI), such as the Normalised Difference Vegetation Index (NDVI) or
Enhanced Vegetation Index (EVindicating the estimated vegetation condition. Vegetation
Indices mostly explore the difference in reflectance radiated in the visible Red and near
infrared waveband fatetermining the health or stress of plants as well as the density of plant
growth.

The SDVI originates from theDVI anomaly concepdeveloped by Peteet al.(2002).The
SDVI describes the probability of variation from the normal NDVI over multiple years of
data on a weekly time step. The SVI is-acpre deviation from the mean in units of the

standard deviation, calculated from the NDVI or EVI values for each pixel locatian o
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composite period for each year during a given reference period. The equation below shows

the general calculation of the SVI

wherew is the zvalue for the pixel i during week j for yeards,"O is the weeklyVI value
for pixel i during week j for year k whereby both the NDVI or EVI can be utilised ds
is the mean for pixel i during week j over n years, ands the standard deviation of pixel i

during week j over n years.
The key strengths of the SDVI are as follows (UNSPIDER, 2022):

1 The SDVI provides a valuable analysis tool for assessing vegetation condition trends
and monitoring areas affected by drought as it compares the vegetation condition of
a point at the same time of a year with the respective points of time in the otlser year
included in the analysis. The user can, therefore, estimate whether the state of the
vegetation in the period of interest is unusually good or bad compared to other years.

1 The SDVI allows clear visualisation of relative vegetation greenness at each pixel
location. In addition, it indicates the deviations of the present vegetation condition
from the mean vegetation condition in a specific pixel deriving from theore as
outlined above.

1 The computation of the SDVI is not restricted to the commonly utilised NDVI, which
makes the SDVI more variable. Depending on the area of interest, the user can further
derive the SDVI from other Vegetation Indices, such as the Enhanced Vegetation
Index (EVI), with improved sensitivity over dense vegetation conditions compared to
the NDVI.

1 For example, the temporal and spatial coverage of the SDVI for regular drought
monitoring depends on the underlying vegetation index and the satellite data used.
Furthermore, the NDVI values can be acquired by the Advanced Very- High
Resolution RadiometetAYHRR) sensor with a resolution of 1.1 km and a total

global coverage twice a week. Next, to this fast temporal ability, the NDVI values
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can be analysed since the launch of the AVHRR in 1981, allowing a relative

comparison of the vegetation condition over almost 40 years employing the SDVI.
The fundamental limitations of the SDVI are the following (UNSPIDER, 2022)

1 The Vegetation Indices, on which the SDVI is based, do not differentiate between
different types and characteristics of vegetation. Therefore, the SDVI can only
provide a relative comparison of the vegetation condition while the assessed deviation
from themean vegetation condition cannot be translated into an absolute deviation
of, for example, the plant height. Therefore, neither can the SDVI be interpreted for
absolute quantification of agricultural damage.

1 The SDVIis a good indicator of vegetation response to-$aort weather conditions.
However, if interpreted as a drought index, it must be considered that other climatic,
hydrologic or agricultural conditions apart from drought can also cause reduced
vegetation vigour. For example, relatively poor vegetation conditions may be induced
by overgrazing, flooding, unseasonable coolness, or wildfires. Therefore, ground
data must also be included in the analysis to better interpret the vegetation trend in a
speific region.

1 The SDVI measures the vegetation response to the drought hazard, but it cannot be
used to quantify the magnitude of a drought hazard.

The SDVI map for South Africa for the period 30 March to 15 April 2022 compared to a 20
year mean is illustrated Figure1.6.10. According to the SDVI, most of central, eastern and
northern South Africa show above normal vegetation growth from the mean, except the
western part of NC, the whole WC and the southern part of EC. Drought conditions are shown

in the Richtersveld, theouthern part of EC, and a small region in Mpumalanga.
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1.6.2.3Vegetation Condition Index (VCI)

The VCI is an indicator of the vigour of the vegetation cover as a function of the NDVI
minimum and maximum encountered for a specific pixel and a specific period, calculated
over many yearslhe Vegetation Condition Index (VCI) compares the current NDVI to the
range of values observed in the same period in previous years. This ¥gdressed in
percentageand shows where the observed value is situated between the exakras
(minimum and maximum) fronthe previous years. Lower and higher values indidtetd

and good vegetatiotonditions, respectively.

The algorithmfor VCI computed the minimum and maximum values of NDVI for every
dekade in the time series. Current NDVI is compared to these historical references every 10
days.
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Where: VCI = vegetation Condition Index
NDVI = Normalised Difference Vegetation Index
Min = Extreme minimum NDVI value from previous years
Max = Extreme maximum NDVI value from previous years

The VCI norméises the NDVI according to itshangeability over many years and results in
aconsistent index for various land cover types. It is an effort to split thetehartveather
related signal from the loAgrm climatological signal as reflected by the vegetation.
Therefore, the VCl is a better indicator for drought detection than the NDVI due to its ability
to compare current and lostigrm vegetation conditions. In additionigta better indicator of

water stress than the NDVI.

The VCI in the NC for 30 March 2022 to 15 April 2022 compared to thetiermy mean is
illustrated in the May UMLINDI report and shownkigure1.5.11.
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MEAN

(Source: ARC, 2022)

The VCI map inFigurel.6.11supports the results from the SDVI as showRigurel.6.10,

andthe drought categpiis alsoin line with the proposed drought classification.
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1.6.2.4Percentage of Average Seasonal Greenness

(PASG) is an index representing the cumulative vegetation activity during a specific period
relative to the longerm average. PASG is the cumulative NDVI compared to-teng
cumulative NDVI, expressed as a percentddge amount is expressed as a percent of the
historical average. A PASG value of 100% means that the current seasonal greenness is equal
to the long-term meanhistorical greenness, and this is indicative of normal or average
vegetation conditions. PASG values less than 100% indicate {aefenage greenness
(poorer than normal vegetation conditions) that may be linked to some form of stress (for
example, drought, flooding, fire, hail damage, or pest infestatd@amage caused by locusts
currently a plaque in the NC serves as an examplSG values greater than 100% indicate
higher than average greenness, reflecting albbovenal vegetation conditions. PASG values
are not calculated for a location until the start of the season has ocdureselquation for

the calculation of PASG is as foll@w

55 va 001 1990 ,
0 0 —— Tt
D QY MEITM Qi Es

Where SG is calculated as a daily integration of the NDVI curve between the start of the

season and the current date.

Figure1.6.12 illustrates the UMLINDI PASG map for 27 December 2021 to 15 April 2022
compared to the lorterm mean. The PASG clearly show the positive vegetation growth
(greenness) in the NC compared to the {@rgn mean. The PASG map also confirms the

drought condibns in theNelson Mandela Bay region in teeuthern EC.
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1.6.2.5Vegetation Health Index

The Center for Satellite Applications and Research (STAR)he National Oceanic and
Atmospheric Administration NOAA), USA, produces satellitbased global vegetation
health products, including the vegetation health index (VHI). VHI is a proxy characterising
vegetation health or a combined estimation of moisture and thermal conditions. Vegetation

health is often used to estireatrop conditions and anticipated yield.

The NOAA products are available in near fBale and are downloadable at

https://www.drought.gov/datmapstools/noasastarglobalvegetatiorhealthproducts

For example, the VHI for South Africa on 15 June 2022 is illustrat&igurel.6.13.
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T
Unfavorable Conditions
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FGUREL6.13:VHINSAAS ONL5JUNE2022
(Source: NOAA STAR)

If the indices are below 40, indicating different levels of vegetation stress, crop and pasture

production losses might be expected; if the indi@esabove 60 (favorable condition)
plentiful production might be expectedomparing the NOAA images (which are near-real

time) with the ARC's UMLINDI images, it is clear that vegetation health in most of the

western part of South Africa has already deteriorated, primarily due to winter conditions.

1.6.2.6Vegetation Productivity Index

The Vegetation Productivity Index (VPI) assesses the overall vegetation condition by

referencing the current value of the NDVI with the ldagm statistics for the same period.
The VPI is a percentile ranking of the current NDVI value against its higtaaoge of

variability. For example, values of 0%, 50% and 100%, respectively, indicate that the current
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observation corresponds with the historical minimum (worst vegetation state), median

(normal) or maximum (best situation) ever observed.

Historical reference statistics (mean, standard deviation, percentiles) of NDVI are computed
every year. Current NDVI compared to these historical references every ten days. VPI

computed as probability of occurrence.

Like other indicators of difference between current and historical vegetation indicator values
(e.g. VCI), VPI is mostly used qualitatively to detect and spatially delineate anomalies in
vegetation condition and growth, both in extension and intensitg.i$lparticularly useful

iIn monitoring the ongoing growing season (e.g. early warning purposes).

1.6.2.7Enhanced Vegetation Index

EVI is similar to Normalized Difference Vegetation Index (NDVI) and can be used to
quantify vegetation greenness. However, EVI corrects for some atmospheric conditions and
canopy background noise and is more sensitive in areas with dense vegetatiorpadtates

an "L" value to adjust for canopy background, "C" values as coefficients for atmospheric
resistance, and values from the blue band (B). These enhancements allow for index
calculation as a ratio between the R and NIR values while reducing thgrtawc# noise,

atmospheric noise, and saturation in most cases.

060 0 0OYY
© 6 OY6pzY 6CZ6 O
Where: EVI = Enhanced Vegetation Index
G=

NIR = Nearinfrared spectral reflectance

R = Visible red spectral reflectance

C1 = Coefficient for atmospheriesistance
C2 = Coefficient for atmospheric resistance
B = Values from the Blue Band

L = Value to adjust for canopy background
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1.6.2.8Leaf Area Index

The Leaf Area Index is defined as half the total area of green elements of the canopy per unit
of horizontal ground area. The satelitterived value corresponds to the total green LAI of

all the canopy layers, including the understory, which may represent a significant
contribution, particularly for forests. Practically, the LAI quantifies the thisknef the

vegetation cover.

LAl is recognised as an Essential Climate Variable (ECV) by the Global Climate Observing
System (GCOS).

1.6.2.9Fraction of Green Vegetation Cover

The Fraction of Vegetation Cover (FCover) corresponds to the fraction of ground covered by
green vegetation. Practically, it quantifies the spatial extent of the vegetation. Because it is
independent of the illumination direction and is sensitive to tigetaéion amount, FCover

is an excellent candidate for replacing classical vegetation indices for monitoring ecosystems.
1.6.2.10 Fraction of Absorbed Photosynthetically Active Radiation (FAPAR)

(Source: https://land.copernicus.eu/global/products/fapar)

The FAPAR quantifies the fraction of the solar radiation absorbed by live leaves for the
photosynthesis activity. Then, it refers only to the green and alive elements of the canopy.
The FAPAR depends on the canopy structure, vegetation element opticaltipmp

atmospheric conditions, and angular Egureuration.

FAPAR is recognised as an Essential Climate Variable (ECV) by the Global Climate
Observing System (GCOS). Daily FAPAR, at 300m resolution, is estimated by applying a
Neural Network on instantaneous FopCanopy reflectances from Sentir&OLCI (v1.1
products) or daily Topof-Aerosol input reflectances from PROBA (v1.0). Temporal
smoothing and small gap filling are applied to the instantaneous LAl estimates,

discriminating Evergreen Broadleaf Forest (EBF) andEB®& pixels. Temporal compositing
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is adapted to provide a neaattime (1Gdaily) estimate and successive updated estimates

until a consolidated value is reached after about two months.

FAPAR plays a critical role in ecosystems' energy balance and carbon balance estimation. It
is one of the surface parameters that can be used in quantifying CO2 assimilation by plants
and releasing water through evapotranspiration. The systematic olmeaitAPAR is
suitable to reliably monitor the seasonal cycle and Hatewal variability of vegetation

photosynthetic activity over terrestrial surfaces.

The FAPAR is used as input to several primary productivity models based on simple light
use efficiency considerations. For example, the Dry Matter Productivity is derived from the

FAPAR. Then, FAPAR is used for operational crop monitoring and yield fdnegas

1.6.3 Hydrological Indices

Hydrological indicators cover surface water and-sutface water, but for indicator
categorisation, we will discuss sshrface water in a separate section. This section focuses
on streamflow and reservoir and dam levels. Hydrological indicator datailaldg on the
National Integrated Water Information System of the DHSWS.

1.6.3.1Reservoirs and dams

The extensive livestock sector is not as sensitive to dam and reservoir levels as the irrigation
sector, but dam levels provide useful information for drought categorisation. The livestock
sector is more dependent on smaller dams and reservoirs for dnimkédg water, but data

for farm dams are unavailable on the NIWIS. Therefore, the importance of secondary or farm

level indicators that should provide-tarm drought conditions.

Figurel.6.14 shows the NIWIS interactive map of the major rivers and dams in South Africa.

It is possible to view the historical and current dam levels of all the major dams in the country.
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Namibia Botswana

FGUREL6.14:NIWISNTERACTIVE MAP OF ALL RIVERS AND MAJOR SOVEHAFRICA
(Source, NIWIS, 2022)

Figure1.6.15 is an example of the NC surface water storage for October 2021 to September
2022. Again, storage levels are significantly higher than the 2020/2021 water storage levels

for the same period.
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Surface Water Storage ( Northern Cape )
Period: October-2021 to September-2022

11-2021 12-2021 1-2022 02-2022 03-2023 04-2027 05-2022 08-2022 07-2022 08-2022

@ High Moderately High @ Mormal Moderately Low @ Low @ Very Low 2020/2021 — 202142022

HGUREL6.15:SURFACE WATER STORAGE INNKEIE
(Source, NIWIS, 2022)

Figure1.6.16 shows the historical surface water storage levels from January 2014 to April
2022. The illustration clearly shows the deficient water storage levels from 2016 to 2017 and
from 2019 to 2000.

Surface Water Storage ( Northern Cape )
Period: January-2014 to April-2022

01-2015 01-20¢ 0-2017 01-2018 01-2019 01-2000 01-2021

@ High Moderately High @ Normal Moderately Low @ Low @ Very Low 2020/2021 — 2021/2022

HGUREL6.16:HISTORICAL SURFACE WATER STORAGE FNR THE
(Source: NIWIS, 2022)

Information is also available from the NIWIS for the five largest dams in the NG~{§ee

1.6.17). Information includes the name of the dam, date of measurement, the total capacity
of the dam ind & , the current amount of water in the dambirk , percentage of total
capacity the previous year at the same time, and percentage capacity previous week, the

current percentage of total capacity.
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= Northern Cape (5 Dams)
Spitskop Dam
Douglas Welr
Karea Dam
Bosgoeberg Dam
Vaalharts Wair
Marthern Cape

a7.8
16.2
0.9

20-Jun-2022 57.8
20-Jun-2022
20-Jun-2022
20-Jun-2022
20-Jun-2022

20-Jun-2022

100%

50.7
146.3

FHGUREL6.17:DAM STORAGE CAPACITY AND WATER LEVEINE THE
(Source: NIWIS, 2022)

1.6.3.2Streamflow

Streamflow is equally important as storage water levels. The NIWIS provides netameeal

hydrographs for all major rivers in South Africa. Livestock farmers near rivers also depend

on rivers since mangroducedeed and fodder under irrigation as reserves for dry periods.

Monitoring rivers and streams is therefore also an essential indicator for drought

classification. Examples of hydrographs from the NIWIS are showkigares 1.6.18 to

16.20.

Verified - River Flow ( C5H014: Riet @ Klipdrift )

'oe-m:

05-2022 [M-IDH 'm-zm

monitoring period

@ High Moderately High Mormal Moderately Low @ Low @ Very Low 1010/2021 = 2021/2012

09-2022

HGUREL6.18:CURRENT SEASONAL HYDROGRAPHRIEDRIVER AT TIKEIPDRIFT MONITOR SITE

Verified - River Flow ( D5HO16: Sak @ Hol Pads Leegt )

112081 12-2021 022072 03-2022 042002 05-2022 082022

01-2022

monitoring period

@ High Moderately High Mormal Moderately Low @ Low @ Very Low 102042021 = 202172022

10

HGUREL6.19:CURRENT HYDROGRAPH FOFSERHRIVER AT TH#OLPADSLEEGTE MONITOR SITE
(Source: NIWIS, 2022)
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Verified - River Flow { D5HO16: Sak @ Hol Pads Leegt )

-2017 07-2017 01-2018 07-2018 -2 07-201% 01-2020 07-2020 -2021 a7-2001 0-2022

monitoring period

@ High Moderately High Normal Moderately Low @ Low @ Very Low 202042021 = 2021/2022

FGUREL6.20:CURRENT HYDROGRAPH FOFSRHRIVER AT TH#OLPADSLEEGTE MONITOR SITE
(Source: NIWIS, 2022)

1.6.4 Soil moisture and groundwater indices
1.6.4.1Soil Moisture

Soil moisture and groundwater are not the same concepts. Soil moisture is commonly
expressed as the amount of water in mm of water depth in one meter of soil. For example,
when 120mm water is present in emeter depth soil, then the moisture content Gni&/m

soil. Soil moisture is also expressed as a percent of volume. For example, if 120mm moisture

is measured in onmeter depth and the omeeter surface isp( meters) soil, the percent
moisture content is 12%, calculated 3% Cp*loo: 12%. Thus, a moisture content of

120mm/m corresponds to a moisture content of 12%.

Soil moisture is an important drought indicator if used in combination with other indicators.
Soil water is the most limiting plant growth factor on semd rangelands. Grazing
management influences the effectiveness of precipitation and soil moidteraniount of
precipitation that infiltrates the soil is directly linked to adequate plant cover and soil

compaction (Se€igure1.6.21).
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Reduced
herbal
production
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HGUREL6.21:INTERACTION BETWEEN VEGETATION COVER AND SOIL MOISTURE

Reduced protective plant cover and soil compaction increased runoff during heavy
precipitation. Ovegrazing, therefore, might lead to artificial droughts. Analysis of remotely
sensed vegetation and soil moisture data might lead to wrong conclusionslis¢inee of

secondary grounttuthing.

Global soil moisture data to the public is available on the USGS website, the EUEMSAT for
registered users and the United Nations Soil fNDER) website. The South African
National Spacé&gency (SANSA) have access to remotely sensed soil moisture data, but we
could not find access to any of the products at a catchment scale. However, the NASA disaster
dashboard
(https://maps.disasters.nasa.gov/arcgis/apps/MapSeries/index.html?appid=ab7723584fe847
449faaaze62d3befy4 and the NOAA Global Drought Data dashboard at
(https://experience.arcgis.com/experience/5dceec104a384df094e65af12ap 749%ve

some excellent neaeattime products.

The following is available on the NASA and NOAA disasters and drought dashboards:

80


https://maps.disasters.nasa.gov/arcgis/apps/MapSeries/index.html?appid=ab7723584fe847449faaa2e62d3bef74
https://maps.disasters.nasa.gov/arcgis/apps/MapSeries/index.html?appid=ab7723584fe847449faaa2e62d3bef74
https://experience.arcgis.com/experience/5dceec104a384df094e65af12a274959/

Chapter 1: Literature Review

Root zone soil moisture

Relative soil moisture: Top 10cm, daily
Relative soil moisture: Top 20cm daily
Soil moisture, 3 day composite

Soil moisture anomaly, 3 day composite
Shallow groundwater

Evaporative stress index (5km, 4 weeks)

=A =4 =4 4 -4 -4 -5 -3

Evaporative stress index (5km 12weeks)

Soil moisture data is based on radar backscatter measurements of the Advanced SCAT
thermometer (ASCAT) aboard the EUEMSAT MetOp satellite. An example of soil moisture
maps from the USGS website is showifrigure1.6.22.

m¥m? m¥m?
oo ’ B <006

B o101-015 B | 0.059--003
I 0.151-02 N | 1-0029--001
[Jo201-028 [ 1-0009-0.01
 lo2s51-03 [ 0011-003
[H0301-035 [ 0031-0.06
B 0351-0.4 B > 006

B 0401-045

Bloss1-05

B 0501-085

. 0ss1-1

Source: version preiim Source: version prelim
Mos rcdices by UBOSEACS TUSGS @ SUSAIDEREENE | . sosencs TUSGS @ (©)USAID FR sy

% of Normal
. <50
I 51 - 65
[ 65 - 80
]81-95
[]9-105
[ 1106-120
[ 121-135
I 136 - 150
> 150

FHGUREL6.22:(A,B,C) SOILMOISTURE MAPS OF

SOUTHERAFRICA
(Source: USGS, 2022)

Source: version prelim

TUSGS @ () USAID FR RSN

Map produced by USGSERCS
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Figure1.6.23: Evaporative stress index for South Africa, 15 June 2022

(Source: NOAA, SAT)

The evaporative stress index used by NASA and NOAA is not fully aligned with the proposed
drought classification system for South Africa ($égure1.6.23). However, soil moisture
indices are already aligned with the South African drought classification system. The
proposed evaporative stress indices and soil moisture thresholds for the different drought

types are as follows:

TABLE 1.6.2. PROPOSED SOIL MOISTURE THRESHOLDS FOR DIFFERENT DROUGHT CATEGORIES.

Drought Drought Evaporative stress % soi .
Pr 2 : 0 soil moisture
classification description index

P Dry period <=-0.89t0 0 21%- 30%

Moderate <=-1.59 10-0.9 11%- 20%
drought

Severe drought  <=-2.29 to-1.6 6%- 10%

Extreme drought ~ <=-2.99 to-2.3 3%- 5%

D4 Exceptional <«=-30 >304

drought
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1.6.4.2Groundwater

Groundwater usually refers to all subsurface water beneath the water table in soils and
geologic formations that are fully saturated. This definition excludes soil pore water in the
vadose or unsaturated zoiée water table marks the upper surface of groundwater systems.
The water table may be deep or shallow and may rise or fall depending on many factors.
Heavy rains may cause the water table to rise, or heavy pumping of groundwater supplies
may cause the wer table to fall. Water in aquifers is broughithe surface naturally through

a spring or can be discharged into lakes and streams. Groundwater can also be extracted
through a borehole drilled into the aquifer. A borehole is a pipe in the ground that fills with
groundwater. This water can be broughthe surface by a pump. Shallow boreholes may

dry if the water table falls below the bottom of the well. Some boreholes, known as artesian
boreholes, do not need a pump because of natural pressures that force the water up and out
of the borehole. Grounhter supplies are replenished or recharged by rain. People can face

severe water shortages because groundwater is used faster than it is naturally replenished.

The livestock sector depends mainly on groundwater for animal drinking and small irrigation
for feed and fodder, a drought mitigation strategy (Jordaan, 2011). Groundwater, therefore,
directly impacts drought risk in the livestock sector. Groundwatefastafl in various ways

by a drought, and the components and characteristics of groundwater that are affected are:

Groundwater recharge (water that infiltrates and replenishes the aquifer)
Groundwater discharge (into surface water bodies, springs or sea)

Groundwater storage (total volume of water withheld within the aquifer)

A =/ =4 =4

Groundwater levels (level of the water table in the aquifer)

Groundwater availability fluctuates less seasonally, making groundwater a good buffer
against drought. Groundwater is often available during earlier parts of a drought when surface
water has run out. Only in later stages of drought will groundwater starabavailability
diminish as a result of a continued drought. Hence, groundwater level can be used as a
drought indicator, but only to a certain degree, because the available groundwater may not
represent the current recharge. It should be noted thaigddirought, it is often boreholes
that fail, not aquifers.
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After a drought event, groundwater may be short in supply even after rainfalls start and
therefore, it tends to react with a time lag relative to rainfall and surface waters, both at the

onset of drought and at the end of a drought. This is illustratéidume1.6.24.

Meteorological drought

»
pre
b

Groundwateradright

Time —m0—wrw——

Available Resource

HGUREL 6.24:SEQUENTIAL RESPONSE AND RECOVERY FUNCTIONS OF GROUNDWATER AND SURFACE WATER TO
DROUGHT

A potential method of calculating drought based on groundwater level is the same
methodology used for calculating SPI. In this case, one would use the current groundwater
levels and compare them with the mean groundwater levels during the corresponghng lon
term historical levels. Again, one would require at least 30 years of historical data for accurate
calculation. The Z score also provides an alternative way of calculation. Further research is
required to determine the Z score and SPI equation as #éitema

Groundwater information is available to the public on the National Integrated Water

Information System (NIWIS), maintained by the Department of Human Settlement, Water
and Sanitation (DHSWS). Groundwater levels are monitored and provided in reports that
indicate percent of highest water levels (total capacity) (DWSWS, 2022).

The groundwater reserve is shown for each quaternary catchmefig8exl .6.25).
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Namibia Botswana

Inkomati Usuthu

[
o D
wazilan

HGUREL 6.25:GROUNDWATHRESERVE ISOUTHAFRICA PER QUATERNARY CATCHMENT
(Source: NIWIS, 2022)

The monitor sites in the NC are illustrated in the mapigure 1.6.26. Unfortunately, the

whole province is not fully covered.
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HGUREL6.26:GROUNDWATER MONITOR SITES INCHE
(Source: NIWIS, 2022)

The groundwater status for the province is also illustrated as shdviguire1.6.27.

Severity of Provincial Groundwater Levels
Northern Cape

125

Water Level (%)

02 03 4 s 206 2m7 018 019 2020 0M lirk}
:0 Morthern Cape

HGUREL6.27:GROUNDWATER STATUBIGIJUNE2022
(Source: NIWIS, 2022)

niwis.dws.gov.za
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The groundwater status for individual monitor sites is also available by selecting a monitor

site on the map. For example, the result for the Prieska site is illustrdigire1.6.28.

Severity of Station Groundwater Level
(D7N0549) Prieska 2

125

Water Level (%)

2M6 m7 plird] 2022

| <€) (D7NOS49) Prieska 2

niwis.dws.gov.za

HGUREL 6.28:GROUNDWATER STATU$RIESKA MONITOR SIENE2022
(Source: NIWIS, 2022)

The groundwater level for the Bothaskop site near Kuruman is shawgurel.6.29.

Severity of Station Groundwater Level
(D4N2467) Thoresby Ptn Bothaskop

125

‘Water Level (%)

012 03 4 Flgky 26 m7 018 m9 2020 0 vk

| € (D442457) Thareshy Ptn Bothaskop |

niwis.dws.gov.za

HGUREL 6.29:GROUNDWATER STATUB@THASKOENEARKURUMA)\MONITOR SITAUNE2022
(Source: NIWISS, 2022)

The above illustrations show that groundwater recharge in Prieska is extremely low with low

water levels despite aboaerage precipitation during the 2021/2022 rainy season. On the

other hand, excellent groundwater recharge is shown at the Bothaskog(maman)

monitor site due to good precipitation, runoff and water recharge since 2021.
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1.6.5 Indices developed in South Africa

South African scientists developed several drought indices with a specific focus on the arid
regions of the Karoo and Eastern Cape. Most of these indices were developed before the
availability of remotely sensed indices. Remote sensing technology todaggsexcellent

signals for drought, and most of the South African indices are replaced by more accurate
technology. Noteworthy, however, from the earlier indices is the integration of primary and
secondary data as prescribed in the Roux expert systetineaRTU Suite of Plant Models.

Both of these indices use meteorological data together wifaron data to determine
drought classification, aligned with the objective of this research to integrate primary and

secondary (ofiarm) indicators in a computsed reporting system.
1.6.5.1Roux Expert System

The Roux expert system proposed by Roux (1991) uses subjective values for various
agricultural variables as input data. The data gathering is done through a questionnaire where
farmers and experts have to classify certain variables such as (i) rangsisicdlgfondition

and health, (ii) availability of planted pastures or crops for feeding and (iii) livestock
condition and status of drinking water for livestock. Then, respondents choose alternatives
that describe the current circumstances best and thessaxe processed to a drought index

(Du Pisaniet al,, 1996).

1.6.5.2PUTU Suite of Plant Models

Developed by Booysen (1983) and further refined by Foathk(1985) and Fouche (1992),

this model depends on daily rainfall data, temperatures and irradiance as well as soil and clay
content. These models are dynamic prockssen rangeland production models that consist

of various sukroutines such as water batan carbohydrate metabolism, plant phenology,
etcetera. The model includes establishing {tergn yield profiles for 350 rainfall stations by
ranking the cumulative distribution functions oégsland yields in descending order. Current
drought intensity is then assessed by comparing the rangeland production at any given time

against the longerm cumulative distribution function.
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1.6.5.3ZA Shrubland Model

The ZA shrubland model was adapted from the meteorological model of Zucchini and
Adamson (1991) for arid and sewnid shrublands. The model is based on the earey

effect of rainfall as influenced by the amount of rainfall and temperature. The magetave

the effective cumulative precipitation over consecutive-nsonth periods with the
cumulative mean effective precipitation. Current drought intensity is assessed by weighing

the current rainfall with historical values (Du Pisahal, 1998).

1.6.6 Useful Drought Information Products Already Available

Several open source websites already provide useful drought monitoring and drought indices.
These should be linked to a South African drought monitor.

Some of these are discussed in the following sections:
1.6.6.1CSIR Green Book

Web addresshttps://greenbook.co.za/

The green book website developed by the CSIR and other organisations as a valuable tool to
obtain a snapshot of drought risk and other risks to municipal level. It also provides future
projections under climate change and population change projectioitssonbdt a dynamic

tool available for real time drought monitoring. Its real value is in the information available

per municipality and in future projected changes in risk profiles.
1.6.6.2FAO AQUASTAT Global Information System on Water and Agriculture

Web addresdhitp://www.fao.org/aquastat/en/

This information tools offers the following:

i) Standardised data and information to measure progress and to substantiate decisions
i) Tools to generate own analysis and conclusions
iif) Capacity development to improve understanding and monitoring of water resources,

water use, and irrigation management
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Data is available globally and South African data is available down to sdetde for some
data sets. Data, metadata, river basin profiles, regional analysis, maps, tables, spatial data,

guidelines and other tools are available on

1) Water resources; intercanal and transboundary

i) Water use by sector, source and wastewater

iii) Irrigation locations, area, typology, technology, crops
iv) Dam locations, height, capacity and surface area

v) Water related organisations, policies and legislation
1.6.6.3AQUEDUCT Water Risk Atlas

Web Addresshttps://www.wri.org/agueduct

Aqueduct provide two sets of tools, which can be used globally. These are the:

i) Aqueduct water risk tool that maps and analyses current and future water risks across
locations. The water risk tool provides excellent information at country and
catchment level about water stress, water depletion, interannual variability, seasonal
variahlity, groundwater table changes, riverine flood risks, coastal flood risks,
drought risk, untreated connected wastewater, coastal eutrophication potential,
drinking water and sanitation.

i) Aqueduct country rankings, which compare national andnstional water risks.

The overall score for SA is 2.89 meaning medium to high water stress score with the
agricultural sector as 3.16, domestic water at 2.43 and industrial water at 2.55. Score
between 2 and 3 indicates medium to high water stress and score >3 indicate high
water stress.

iii) Also, of great value is the projection tool of aquaduct where projection up to 2040
are available under 3 scenarios for water stress, seasonal variability, water supply

and water demand.
1.6.6.4FEWSNET (Famine Early Warning Systems Network)

Web addresshttps://fews.net/
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The primary objective of FEWSNET is to monitor food security for different regions in the
world. Various tools and projects available on the FEWSNET web page are useful for
drought monitoring in the region and in South Africa. FEWSNET provides data and
interactive maps on agidimatology, livelihoods, markets and trades, nutrition, food
security and weather and climate data. The website also provides useful links to NOAA and

USGS, which have useful tools for drought monitoring.

An important link with various tools and produetgh spatially visible results on weather
and climate data as well as various agricultural remotely sensed indicators is available at

https://earlywarning.usgs.qgov/fews/search

1.6.6.5NOAA Climate Prediction Centre

Web addresshttps://www.cpc.ncep.noaa.gov/products/international/

Wide range of weather and climate forecasting products are available for all regions and

countries in the world.
1.6.6.6Climate Engine

Web addressattps://climengine.appspot.com/climateEngine

Allows users to make maps of different climate features
1.6.6.7Global Drought Information System

Web addresshitps://www.drought.gov/gdm/

1.6.6.8International Water & Climate Atlas

Web addresdattps://www.iwmi.cgiar.org/resources/wonldaterandclimateatlas/

An interactive service is available from which meteorological and climate data as well as

drought indicators can be downloaded. The data can be downloaded for specific sites.
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1.6.6.9Sentinel Hub

Web addressittps://www.sentinehub.com/

This is a very useful site for generating real time and historical maps base on images from a
complete archive of Sentiné| Sentinel2, Sentinel3, archives of Landsat 5,7 and 8, Envisat,
Merit, ProbaV and GIBS products; All open source and free to ¥seious layers are
available. Information for drought management such as soil moisture, NDVI, PASG, VCI
and water status are daily updated. Subscription at a very reasonable price is available for

commercial use.
1.6.6.10 Australian National Drought Map

Web addresshitps://map.drought.qgov.au/

The Australian drought map is one of the bete examples of drought monitoring. Much
of the remotely sensed information required for drought managemeven for SA- is
available on the Australian drought map. (See discussion in Chapter 7).

1.6.6.11 USNDMC

Web addresdhttps://droughtmonitor.unl.edu/

The United States National Drought Monitor located at the University of Nebraska and
funded by NOAA and USDA is another be&stse example of an integrated drought monitor
and early warning system. (see discussion in Chapter 7).

1.7 Input Data for Drought Monitoring

The implementation of the monitor system, better expressed as a drought information
management and communication system, should inform the drought classification for each
quaternary catchment, which in turn provides the thresholds for activation of @mtyng
plans. Some of the products required for drought classification, monitoring and early warning
are discussed in Chapter 5. In addition, this chapter provides a summary of the data and

information required to support the drought monitor products (agjtput
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Indicators drivedrought monitoring with indicator thresholds that indicate the different levels
of drought. It is therefore imperative that drought classification and the different indicators
and indicator thresholds are considered the primary sources of informatioredetpri
drought monitoring. Necessary for drought monitoring are historical data, current drought
situation and projections. Several indicators are helpful for drought analysis and monitoring.

These include, amongst others, the following:

1.7.1 Meteorological indicators

Meteorological indicators are available from the SAWS, ARC, and other sources and should

be updated daily.

i.  Precipitation

ii.  Maximum temperature
iii. ~ Minimum temperature
iv.  Actual temperature

v. Wind

vi.  Evaporation (mm/day)

vii.  Reference crop evapotranspiration (mm/day)
viii.  Evaporation and evapotranspiration ratios can be calculated from the mentioned
indicators.

ix. SPI(3-, 6, 12, 24, 36, 48month)
X. SPEI (3, 6, 12, 24, 36, 48month)

xi.  Drought Index

1.7.2 Hydrological indicators

Hydrological indicators are availabbeimarily from the Department of Human Settlement,
Water and Sanitation and other sources. Primary indicators to be monitored and updated

weekly are:

i. Dam levels (Actual & Zscore compared to the same time)
ii. Base flow (mm/day)

ii.  Stream flow (M & Z-score compared at the same time)
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iv.  Groundwater levels (Bcore compared to the same time)
v.  Surface runoff (actual and comparison to the long-term mean)
vi.  Demand/supply index per municipality

vii.  Demand/supply index per irrigation scheme

1.7.3 Remotely sensed ecological indicators

Remotely sensed indicators are available fronNSA, research institutions, and various
opensource websites. It is possible to update the following daily:

i. NDVI
i. VCI
.  PASG
iv. ~ NHVI

1.7.4 Remotely sensed soil indicators

i.  Soil moisture (topsoil)
ii.  Soil moisture (10cnii 40cm)
iii.  Soil moisture (total)
iv.  Soil moisture deviation from the mean
v.  Groundwater level (actual)

vi.  Groundwater levels (deviation from the mean)

1.7.5 Socieeconomic indicators for drought resilience and vulnerability in
agriculture

Socioeconomic indicators are essential for monitoring resilience and vulnerability to
drought. It is also helpful to illustrate such indicators per quaternary catchment or
municipality. Sociceconomic information is available from various sources such as the
Department of Social Development, Statistics SA, DARDLR, research organisations and

other sources.

The following are examples of soeswonomic indicators that are useful for the

determination of drought resilience per catchment or municipality
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XVii.
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XX.
XXi.

XXii.

XXiil.

XXiV.
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# of people in farming

Age and gender profile of farmers and farm workers
Education level of farmers

# of farmers per quaternary catchment or municipality
# of farm labourers

No nonfarm labourers

Unemployment rate

Youth unemployment rate

Alternative job opportunities

The debt ratio of farmers

# bankruptcies amongst farmers because of previous droughts
Farmers household stress

The average income of farmers and farm workers
Economic dependency on farming

# people in the quaternary catchment

In and outmigration of people linked tagriculture

# people dependent on social grants

% communal land

Internet connectivity

Average household size of farmers and farm labourers
# of children from farms in primary and secondary schools

Primary health services available to farms

Health services available such as Doctors per 1000 people or hospitals

Available social services to the farming community

1.7.6 Secondary / grountfuth indicators

Best practice experience globally, however, teaches us that more indicators are required to
groundtruth the information obtained from remotely sensed souftesprimary indicators
mentioned above should catalyse drought classification, but municipalities, water managers,
farmers, and others shoutgtoundtruth the informationFor example, the United States
drought monitor sometimes utilised up to more than 50 drought indicators as a composite

indicator for droughtmonitoring and drought impact{US Droudit Monitor, 2015).
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Therefore, we recommend a system of secondary indicators that should support the primary
ones mentioned above. The secondary indicators serve as a source to confirm what is evident
from remote sensing and meteorological data and to providémeainformation on actual
conditions at the local level. Various sources are available as secondary indicators, but we

propose a reference farm system for agriculitekted droughtas an initial phase.

The secondary indicators to be utilised in conjunction with the primary indicators include

but are not limited to the following:

Rainfall and temperature (on the farm)
Vegetation condition and availability
Animal conditions

Actual soil moisture content

Groundwater levels

= =4 =42 4 -4

Surface water levels

1.7.6.1Referencdarms

Quantitative measurement of the secondary indicators is a challenge but a requirement for
quantitative drought classification. Political pressure and qualitative opinions influenced
drought declarations in the past. In order to ensure proper drought rmgneo the farm

level, a system of reference farms should be implemented. At leastfenence farm should

be selected for each quaternary catchment. The objective with reference farms is to formalise
and implement a system on the selected farms basgdactical experience and research

over a long period of drought management. Reference farms are those particular farms chosen
in a catchment area where a farmer is prepared to collect and supply data on rainfall, carrying
capacity, veld condition and ah scientific information according to specific terms and
conditions. In collaboration with DAFF, the provincial departments of agriculture, the
disaster management centres and organised agriculture. Data should be submitted regularly
via the Internet on web-based system. This data should be analysed, processed and used as

a source for drought monitoring and early warning.
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Furthermore, the reference farm system can contribute to calculating the carrying capacity
for the different catchment areas. Reference farms must have typical characteristics of the
selected catchment. One acknowledges that rainfall is not always theisahéarms in a

specific catchment, and cognisance should be taken of thunderstorms and localised showers.

The natural resources on the reference farm must be representative of the specific catchment.
The most significant natural resources are veld type, water supply, soil type, geographical
features, and the farming system. The farmer (owner or lessee) (maltepant) must be

willing and able to keep records and provide data weekly. The participant must apply good
agricultural practices according to the norms and climate conditions of the specific region. In
addition, the participant must be connected @avehaccess to the Internet to provide and

upload data regularly.
Participants in the drought monitor and early warning project must:

1 Supply daily meteorological data on at least a weekly basis. The possibility of
automatic meteorological data capturing mechanisms should be discussed with
SAWS.

1 Supply an inventory of all animals and movement of animals in terms of progeny,
sales and purchases on the farm, i.e. sheep, cattle, horses, donkeys, ostriches and
game (Values according to the present Meisner tables or as reviewed.)

1 Adhere to the carrying capacity according to the norms of DAFF over a twlath
cycle. As a farmer who applies good agricultural practices, he/she will-graies
some years and owgraze others depending on the condition of the veld and climate
condtions. Therefore the carrying capacity will be exceeded for some years etc. Of
course, the baseline veld condition on a specific farm differs from others, and not all
farms have the same carrying capacity, but sound agricultural principles apply.
Comply with good farming practice (veld management system).

1 Comply with the protocols provided by the drought monitor unit.

The secondary indicators on the reference farms (rainfall, temperature, grazing and animal
condition, surface and groundwater levels) can now be used as a basis for drought

classification in conjunction with the primary indicators.
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1.7.6.20ther sources agecondaryndicators

Other organisations responsible for the monitoring and provision of data on secondary
indicators are the DALRRD), DHSWS and DEFF. In addition, municipalities and Traditional
leaders as custodians of agricultural land should also be included as soumesndbsy

data for drought classification.
1.7.6.3Future research on secondary indicators

Specific guidelines and thresholds for secondary indicators are not available. Consequently,
that is one of the subbjectives of this research project, and the following deliverable should

provide more clarity on the secondary drought indicators.

1.8 Global Bes€Case Examples

Lately, several organisations have developed global drought monitor initiatives with access
to information on different websites. But unfortunately, these websites do not provide
sufficient information at the micrscale. Some of the besase examples ahicro-scale

drought monitoring are the United Stated drought monitor and the Australian drought

monitoring systems. The following section describes the highlights of these systems.

1.8.1 United States National Drought Monitor Centre (USNDMC)

https://droughtmonitor.unl.eduhttps://www.drought.gov/drought/node/

The USNDMC is another bestise example for drought monitoring. Up to 50 indicators are
used to monitor drought conditions in the United States. The USNDMC is located at the
University of Nebraska, and the principal funder is the Federal Department otilge in

the United States (US). The USNDMC update drought conditions weekly and provide a
nationwide drought monitor map based on more than 50 indicators. Additional information
supporting the drought monitor map is also available online, and the pablaownload all

data and statistical analysis used to develop the drought monitor map. An example of the

drought monitor map dated 8 September is showsgare1.8.1.
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None Il D3 (Extreme Drought) /' - Delineates dominant impacts
DO (Abnormally Dry) Il D4 (Exceptional Drought) S - Short-Term impacts, typically less than 6 months (e.g.
D1 (Moderate Drought) B No Data agriculture, grasslands)
D2 (Severe Drought) L - Long-Term impacts, typically greater than 6 months (e.g.

hydrology, ecology)

FGUREL8.1:USDROUGHT MAR2JUNE2022
(Source: USNDMC, 2022)

Additional information in support of the drought monitor map is discussed in following

sections:

1.8.1.1Data

All data are available in table format or as illustrations on graphs or maps. In addition, the

following data types are available opgource and for use by the public.

1.8.1.1.7Time Series Data

Time series data is especially useful for comparing current conditions with previous periods.
Time series drought data is available as raw data and illustrations on a graph. The illustrations
of the data are available at (i) national level, (ii) climateezdiii) State (province in SA),

(iv) county (district in SA), (v) river catchments, (vi) water management areas, (vii) urban

areas, (viii) agricultural production system regions, and (ix) numerous other regions.
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An example of a time series drought graph is showkigare1.8.2.

Continental U.S. (CONUS) Percent Area in U.S. Drought Monitor Categories
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AGURELS8.2: TIME SERIES DATA COMPARING DROUGHT TYPROGER2(22
(Source: USNDMC, 2022)

1.8.1.1.Zrabular Data Archives

The tabular data archives provide specific information on percentage of areas classified in
the different drought classes. This information is also available for all geographic regions as
discussed in time series data. It is important to note that thé 3dnitan drought classes

are the same as the US drought classes; from DO to D4.

An example of the tabular data available is shown in ThBl&.
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TABLE 1.8.1: TABULAR DATA OF DROUGHT CONDITIONS PER REGION

Percent Area in U.S. Drought Monitor Categories
Show[25 v]entries Search:[
2022-06-21 37.51 62.49 45,38 32.86 19.13 5.62 166
2022-06-14 42,78 57.22 44.54 32.76 19.63 5.59 160
2022-06-07 41.68 58.32 47.57 34.37 19.62 5.43 165
2022-05-31 41,58 58.42 49,30 36.98 20.14 5.52 170
2022-05-24 38.01 61.99 50.66 39.15 20.94 5.96 179
2022-05-17 36.86 63.14 52.54 39.90 21.61 5.77 183
2022-05-10 38.78 61.22 53.02 39.76 19.97 4.27 178
2022-05-03 36.11 63.89 53.77 40.48 18.52 4.16 181
2022-04-26 35.88 64.12 54.20 42.29 19.73 3.56 184
2022-04-19 34.18 65.82 55.38 42.99 20.24 2.82 187
2022-04-12 32.56 67.44 56.73 43.23 19.37 2.58 189
2022-04-05 30.71 69.29 57.30 43,22 17.51 2.13 189
2022-03-29 30.47 69.53 57.97 41.27 17.14 1.85 188
2022-03-22 28.12 71.88 58.27 40.80 16.54 1.76 189
2022-03-15 25.75 74.25 60.98 42.40 17.04 2.08 197
2022-03-08 24.87 75.13 61.11 41.83 14.95 2.04 195
2022-03-01 26.46 73.54 59.17 39.97 13.31 1.18 187
2022-02-22 26.63 73.37 57.52 36.28 12.18 1.23 181
2022-02-15 27.42 72.58 57.06 36.35 11.85 1.24 179
2022-02-08 28.83 71.17 55.47 35.40 11.32 1.34 175
2022-02-01 27.79 72.21 55.24 36.52 12.22 1.34 178

(Source: USNDMC, 2022)
The DSCI value indicated are the total drought severity and drought coverage index for a
specific region.
1.8.1.1.Pata Download Available
Detailed and weekly uploaded data are available for the following:
i.  Comprehensive statisticsDownload data for all U.S. Drought Monitor categories
for each week of the selected period and location. Data options are the percent of the

area, total area, percent of the population and total population. Spatial scale choices

include national, State,dDinty and urban areas, and many more.
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ii.  Statistics by threshold:Choose a place, time, and Drought Monitor level, and get
the proportion of an area that meets your chosen criteria. One can also specify a
minimum or maximum threshold as a proportion of the area.

iii.  Weeks in drought: Find out how many weeks, consecutive or total, each county in

a state has been in a certain level of drought.

1.8.1.1.4GIS data

All drought monitor shapefiles are available from 2000. All data was updated weekly. An

example of the shapefiles and metadata available is shown inIT&&le

TABLE 1.8.2. SUMMARY TABLE INDICATING TYPE OF SHAPEFILE AVAILABLE

2022 Download all Drought Monitor shapefiles for 2022.
= swpetes | o | wws | swise
2ol 0w | vz | shapefies |
m Current KMZ SHP  Impacts GML WMS U.S State County
2022-06-21 KMZ SHP mpacts GML WMS us State County
2015 2022-06-14 KMZ SHP mpacts GML WMS us State

14
2022-06-07 KMZ SHP mpacts GML WMS S S (
2012} 2022-05-31 KMZ  SHP Impacts S State County
2010 2022-05-24 KMZ SHP mpacts GML us State
m 2022-05-17 KMZ SHP mpacts GML WMS us State
2007 2022-05-10 KMZ SHP mpacts GML WMS u.s State County
EE 2022-05-03 KMZ SHP mpacts GML WMS u.s State
m 2022-04-26 KMZ SHP mpacts GML WMS u.s State
% 2022-04-19 SHP mpacts GML WMS u.s State County
m 2022-04-12 KMZ SHP mpacts GML WMS us Sta County
m 2022-04-05 KMZ SHP mpacts GML WMS u.s State County

(Source: USNDMC, 2022)

KMZ files are spatial datasets formatted for Google E&BiML files are spatial datasets
formatted using the Geographic Markup Langudtgch WMS file contains one Drought

Monitor layer based on the cleaned shapefiles projected to the WGS84 projection.

1.8.1.1.9Meta Data

The Excel files contain the percent area statistics for the given week. The Drought Monitor
classes are cumulativef a region is in D2, it is also in D1 and DO. The statistics provided

on the site represent those cumulative values. For example, Regias 7% in DO, 50%
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in D1 and 10% in D2. Therefore, 25% (78%%) of Region A is in DO only; 40% in D1 and
DO; and 10% in D2, D1 and DO.

Each file contains four worksheets:

one containing values for the whole US
one containing values for the contiguous US (CONUS)

one containing values for each State

= = A -

and one containing values for each county.

Column headers are included.

1.8.1.1.6-SA livestock eligibility tool

This section provides the necessary guidelines for livestock farmers to test if they qualify for
assistance if they experience specific drought conditions. Drought classification per region is

the primary consideration for eligibility.

1.8.1.1.Drought Impacts by State

The drought impact by State provides potential impacts for each State according to the
different drought classifications. An illustration of the different impacts is shown in Tables
1.8.3 and1.8.4. Table1.8.3 show an example of the potential impacts for a D4 drought for
Nebraska.
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TABLE 1.8.3. D4 DROUGHT IMPACTS FOR NEBRASKA
Category Historically observed impacts

DO Rangeland conditions decline

Pasture and crop growth are stunted

D1
Surface water levels decline
Crop yields are low; ethanol production decreases and plants begin to close
Fires increase; firework restrictions are possible

D2

Roadside haying begins

Well levels are dropping; mandatory surface water irrigation restrictions are implemented; water use is high

Hay is scarce and expensive; producers are selling cattle early and culling; horses are abandoned
Pavement is cracking

Fish kills claim thousands of fish; drought-tolerant trees are dying

Water temperatures are high; Platte River is dry in sections; water recreation is limited
Groundwater use increases; new irrigation wells are drilled

Crop germination is stunted; high levels of nitrate are found in corn

Auctions have record number of cattle

Wildfire season is destructive and costly

Severe case of EHD is observed in deer population; deer hunting is down

Municipality water supply is low; trade navigation is hindered on major rivers due to low flow and obstructions

(Source: USNDMC, 2022)

Table1.8.4 show an example of the potential D4 drought impacts for Nevada.

It is important to note that potential impacts are regipecific, but the droughtategories
are the same. The indicator thresholds for a D3 or D4 drought in Nebraska are the same as
indicator thresholds for a D3 or D4 drought in any other State.
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TABLE 1.8.4: D4 DROUGHT IMPACTS FOR NORTH DAKOTA

Historically observed impacts

Crop germination is poor

DO
Grass fires increase
Crops and pastures are water stressed; farmers are encouraged to have a drought plan
Fire danger increases

D1

Grasshopper infestation occurs
Pond and creek levels begin to decline; more nesting areas are available for birds
Soil moisture is low; pasture and rangeland is dry; crop conditions are poor; hay yields are low; cattle are sold
Open burn and firework restrictions are implemented; fire activity intensifies
D2 Conditions are dusty; air quality is poor
Fertilizer sales are low at elevators

River flow is decreased; stock dams are low

Crops stop growing; pastures go dormant, emergency haying of conservation areas is authorized
Blue-green algae blooms cause cattle death

Large wildfires burn

Fairs have fewer entries; public meetings are scheduled with government officials to discuss drought

Wheat is baled for hay; numerous tests are conducted on water nitrate level and quality and high nitrate levels in
forage; farm service agency increases staffing; producers cull cattle

Wildfires are immense; rural/volunteer fire departments are stressed; rural fire departments run out of funding

Fewer hunting permits are issued

Local economy is at a standstill

(Source: USNDMC, 2022)

Links are available to thd Dr ou g h't Moni t or Cwith s\awd detailedat i on

information on drought classification and drought indices.
1.8.1.2Maps

Maps for various time scales and for all geographical regions and regional types are available

for download. Amongst others these include:

1.8.1.2.XCompare different weeks

Compare two U.S. Drought Monitor weeks side by side.
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HGUREL 8.3: COMPARISON OF DROUGSMAPS BY WEE(K4JUNE2022AND21\]JNE2022)
(Source: USNDMC, 2022)

1.8.1.2.Zomparison slider

Displays the USDM maps fromwo selected dates, and allows the user to determine which

is displayed by using a slider bar

.‘ r“‘

FGUREL8.4:COMPARISONSSLIDER MAP
(Source, USNDMC, 2022)

1.8.1.2.3Vlap archives

View any map format for a selected we®¥%eekly historical maps are available since 2000.

HGUREL8.5:EXAMPLE OBSMAP ARCHIVES
(Source: USNDMC, 2022)
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1.8.1.2.4hange maps

View a series of change maps for a selected week.
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FGUREL 8.6:EXAMPLE OB SDROUGHT CHANGE MAP
(Source: USNDMC, 2022)

1.8.1.2.5Animations

View an animated series of maps or download animated GIF files.

(Released Thursday, Feb. 17, 2022)
Valid 7 am. EST

P

!

U.S. Drought Monitor February 15, 2022

)

Drought Impact Types.
£ Delineates dominant impacts
$= Short-Term, typcally less than
6 months (e.g agricullure, geassiands)
L= Long-Term. typically graater than
6 months (e.g hydrolegy. ecology)
Intensity.
7] None
1 DOABnormadty Dry
{1 D1 Moderate Drought
I D2Severe Drought
B 03 Extreme Drought
I D4 Exceptional Drought

The Drougnt Mondor focses on broad-scak condtons

Brad Pugh
CPC/NOAA
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FGUREL8.7:EXAMPLE OF TIME SERIESDROUGHT ANIMATION MAP
(Source: USNDMC, 2022)

1.8.1.2.8Custom map requests

Request a custom U.S. Drought Monitor map.
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Select a Map Date

eptermber J

Select a Scale

FIGUREL8.8:SELECTION PANEL FOR MAP REQUEST
(Source: USNDMC, 2022)

1.8.1.3Additional Information

Additional information regarding the data available for monitoring and early warning include

the following:

1.8.1.3.Drought Classification

This section explains how the drought classification system works and what indicators are
used for drought classification

1.8.1.3.Drought severity and drought coverage Index:

This section provides the drought classification and drought coverage index as a single
numeric value for any given time and geographical area

1.8.1.3.3tatistics explanation:

Statistics are calculated weekly for the U.S. Drought Monitor by two different methods that
arereferedt o causmuil awhichvséqwidis donefrom the beginning,dii c at egor i c al
meaningthe report on one category at a tint&planation of each methad illustrated in
Table1.8.5.
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TABLE 1.8.5. SUMMARY EXPLANATION OF STATISTICS USED FOR DROUGHT CLASSIFICATION

Absolute Values Cumulative Statistics Categorical Statistics
Sq miles in Reports areas from DO through Reports areas one drought category at a
Area, Absolute SIS P 2 P : ‘ & gory
drought D0-4 time
Reports areas from DO through Reports areas one drought category at a
Area, Proportional % of area P & P ' , & &Ry
D0-4 time
Population, People in Reports population from DO Reports population one drought
Absolute drought through DO-4 category at a time
Population, % of people (in Reports population from DO Reports population one drought
Proportional area) through D0-4 category at a time

(Source: USNDMC, 2022)
Cumulative statistics
The cumulative U.S. Drought Monitor statistics combine drought categories for a

comprehensive percent of area in drought. For example, tHe4D€ategory shows the

percent of the area that is classified as DO or worse.

Week Mone D0-D4 D1-D4 D2-D4 D3-D4 D4

2015-05-26 100.00 90.63 34.38

Categorical sttistics

The categorical U.S. Drought Monitor statistic is the percent of the area in a certain drought
category, and excludes ardlat are better or worse. For example, the DO category is labelled

as such and only shows the percent of the area experiencing abnormally dry conditions.

Wweek None Do D1 D2

2015-05-26 56.24 25.07 9.32 0.00

1.8.1.4Education and Tutorials

The section dealing with education and tutorial provide valuable linkages as well as detailed

information on the following:

i.  Whatis the US Drought Monitor
ii.  Who makes the map
iii.  What does the map show
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iv.  What data are used to make the map
v. How are the drought categories assigned
vi.  What is the timeline for production
vii.  Where can | find the UBrought Monitor
viii. ~ How can | contribute
iX.  Who uses the US Drought Monitor

1.8.1.5Current Conditions

Interactive maps are also available for current conditions and the user can select 17 different

products to be displayed for different geographic areas.
The products available on display are the following:

i.  Objective blend of drought indicators
ii.  Weekly maps of drought indicators and indices
iii.  Vegetation drought response index (VegDRI)
iv.  National Weather Service Precipitation analysis
v. US drought impact reporter
vi.  Weekly weather and crop bulletin
vii.  Palmer drought severity index (PDSI)
viii. ~ Crop moisture index
ix.  Standardised precipitation index (SPI)
Xx.  Percent of normal rainfall
xi.  Current streamflow
xii.  Mountain snowpack
xiii.  Soil moisture
xiv.  US and global soil moisture monitoring
xv.  START Global Vegetation Health products
xvi.  Fire danger maps

XVil. Other current conditions information

Several links are available with weather related and other information.
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1.8.1.60utlooks

The outlook section also provides interactive maps with a wide variety options to select type

of information and geographic area. Products to display include:

Vi.

Vii.

viii.

Monthly US drought outlook
Seasonal US drought outlook
Climate outlooks

Soil moisture forecasts
Current 3 to 7-day outlooks
Current 6 to 10-day outlook
National fire weather outlook
Western Water Supply outlook

1.8.1.7Partnership

The US drought monitor is located at the University of Nebraska with major partnerships

between the University of Nebraska, US Department of Agriculture, US Department of

Commerce and National Oceanic and Atmospheric Administration (NOAA).

1.8.2 The Australian National Drought map

[https://map.drought.gov.au/about.htamdhttps://map.drought.gov.gdu/

The National Drought map provides:

a framework of geospatial data services to support analysis, decision making,
planning and reporting functions,

a simple intuitive way to visualise spatial information from a standard data set,

easy access to authoritative spatial data,

facilitates the sharing of data from different sources and enhanced collaboration.

The National Drought Map provides a range of data sources to help identify areas suffering

from drought or dry conditions.To identify areas suffering from poaonditions the
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"Australian Landscape Water Balaricdata set provided by the Bureau of Meteorology

provides daily information on rainfall and soil moisture deficiencies

http://www.bom.gov.au/water/landscape/#/sm/Actual/8/4/130.4/3/Point
[11/2020/3/16/

Farmhub is another service linked to the National drought map. The Farmhub link provided

farmers with drought related informatidmtips://farmhub.org.au/

The type of information geographically available on the Australian National Drought Map is
illustrated inFigure 1.8.9. Rainfall maps and maps for soil moisture at different levels are
available. Farmers can make informed decisions based on this information. Future

projections for crop yields and grazing potential can be derived from such information

FIGURELB.Q(A)Z MONTHLY RAINFALL MAP ,(B)[ROOT ZONE SOIL MOISTURE MAAFSIRALIA
(Source: Australian National Drought Map, 2022)
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Socioeconomic information is also available. This provide drought and water managers to
determine drought vulnerability and drought resilience. Additional information regarding

drought relief is also captured.

at Australian Bight

3 Great Australian Bight

FIGURE]..8.10(A): FARMER CONCENTRATION(B)\IDROUGHT RELIEF PAYMENTS TO FARMERS
(Source: Australian National Drought Map, 2022)

SeeFigure1.8.10(a) for number of farmers per district arayure 1.8.10 (b) for drought
relief support per districkigure1.8.11(a) illustrates # of farmers that receive drought relief

per district whileFigure18.11(b) illustrates the # of farm workers affected by drought.

FIGUREL8.11 (A): #FARMERS RECEIVED DROUGHT #{é)_;hm;lz FARM WORKERS
(Source: Australian National Drought Map, 2022)
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Numerous other indicators important for drought risk monitoring are available on the
Australian Drought Map, which is a besise example for a drought information

management system. South Africa can learn from the Australian example.

A summary of the drought information available and spatially illustrated on the Australian

drought map are the following:

i.  Australian Landscape Water Balance

a. Rainfall, month to date

b. Rainfall, year to date

c. Root zone soil moisture, month to date

d. Root zone soil moisture, year to date
ii. Catchment Scale Land Use

a. Catchment scale land use (18 class classification)

b. Catchment scale land use (Agricultural Industries)

c. Catchment scale land use (Agriculture)

d. Catchment scale land use (Primary classification)

e. Catchment scale land use (Secondary classification)
iii.  Disaster Event&rought is not considered a disaster in Australiather an extreme

event with extreme impacts)

a. Financial year bushfire boundaries
iv.  Drought communication program

a. Drought communitiesd program eligible
v. Farm Businesses

a. Farm management deposits

i. Industry holdings per state and territory
ii. National holdings
lii. State and territory holdings

b. Number of farmers across Australia by local government authorities
vi.  Farm families and Individuals

a. Centrelink Mobile Service Centre locations over time

b. Previous drought payments per LGS area

c. Farm households allowance current demand against State and Territories
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Farm household case officers
Private boarding schools

Public boarding schools

General practitioners

Headspace centres

Medicare benefits schedule mental health data
Medicare offices

Primary health networks

Primary health networks mental health data
Psychologists

Rural adversity mental health program

Social workers

National Boundaries

= «Q

-

K.

- 0o 2 o T

ASGS remoteness area (2011, 2016,2018, 2020, 2022)
Australian drainage divisions

CDP regions

Commonwealth electoral divisions (2011, 2016, 2019, 2022)
Local government areas (2011, 2017, 2018, 2019, 2020, 2022)
Natural resource management areas

Postal areas (2011, 2016, 2018, 2020, 2022)

State electoral divisions

State suburbs

State and territories

Tourism regions

National Drought and Flood Agency

a.

National drought and flood recovery regions

NSW Combined Drought Indicator

Queensland Drought Declarations

a.
b.

Shires fully drought declared
Shires partly drought declared

Rural Financial Counselling Services
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a. Rural financial counselling services offices
b. Rural financial counselling services regions
xiii.  Satellite images
a. Hotspots
b. 10m pixels
c. 25m pixels
d. 25m pixelsi 16-day composite
e. 25m pixelsi daily
f.  Multi sensor blended daily
xiv.  Social and Economic
a. Aboriginal and Torres Strait Islander people
Age profile
Average household size
Business entry active exit

Dwellings with internet connection

- 0o 2 o T

Employed persons

Estimated residence population

= «Q

Household stress

Industry of employment

J-  Insolvencies

k. Labour force participation

I.  Own unincorporated business income

. Personal income

3

=

Population projections
Selected pensions or allowances

Single parent families

L T ©

Sociceconomic disadvantage

-~

Unemployment rate
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Monthly rainfall, 1910" 2022

Annual rainfall, 1910 2022

Monthly minimum temperature, 19102022
Monthly maximum temperature, 191®022

Annual minimum temperature, 1912022
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xvi.  Vegetation cover
a. Vegetation fractional cover: PV, NPV, BSnonthly
b. Total vegetation cover: PV + NPVmonthly
c. Vegetation cover anomalymonthly
d. Vegetation cover deciles

XVil. Place names

The Australian drought map is interactive and it is possible to zoom to the anelso most

cases, to the mictlzvel.

1.8.3 Conclusion

The examples of Australia and USA is extremely valuable, it is interactive and simple to
understand. Without rdesigning a new system, one can copy most of the products available

from the Australia and USA examples.

1.9 Conclusion

Drought is a slow onset disaster of which it is difficult to determine the onset and the end of
a drought. In addition, drought is a hazard affecting most people in SA and significantly
impacts the economy. Drought monitoring and timely analysis of drandtdators are
essential for early warning and implementing drought risk reduction contingencies. The
acceptance of a drought classification system and indicator thresholds is the first step in
drought management on a national scale. The uniquenessarti®arquires alternative
management strategies. For example, managing fast onset hazards such as floods compared
to slowonset hazards such as drought. Flooding, for example, is expected during the rainy
season and high precipitation. On the other hamaight is experienced throughout the year
at different geographic locations.
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Comparing drought between climate zones and different systems is very difficult (étisdal

al., 2004, Gerber, 2022). Therefore, the use of a single drought indicator is not desirable.
More than sixty drought indices are published in the literature. These indices are grouped as
meteorological, vegetation, soil, and hydrological. Authorities in Safrtkha rely mostly

on meteorological, vegetative and hydrological indicators, but that alone is insufficient for
proper drought monitoring and classification riBe (2022) reported that the Department of
Agriculture in the Northern Cape has already adjusted indicator thresholds unique to the arid

Northern Cape.

Theobjective of drought monitoring and early warning is to warn stakeholders when there is
arisk of dry periods or drought. As a result, reliable drought early warning will allow farmers
and the agricultural sector to prepare and increase resilience tdigloteater shortages,
production losses and food shortagasught classification provides a sound basis for early
warning strategy and the timely implementation of contingency plans based on the drought
classification. Drought monitoring and drought assessment require integrating all
information such as indices and impact indicators in a comprehensive framework, but indices
alone do not provide sufficient knowledge for drought classification. Additional information
on the impact (vulnerability) of different sections (economic, social, environrsemruired

to understandhe different drought classes (Wilhéeal.,1997;Du PisaniFouche & Venter,

1998 Wilhite, 2000; Wisneet al.,2004, Jordaan, 20).1

The National Joint Drought Coordinating Committee (NJDCC) has already approved a
drought classification system for South Africa. According to this classification, drought is
classified into five classes: DO to D4, where DO is a dry period, and D4 isranreitary

drought. In addition, thresholds for the most critical indicators were accepted and approved.

The drought monitor system proposed for South Africa consists of primary and secondary
indices. Primary indices are currenthonitored by thesAWS, ARC, DWSWS andther
organisations. Secondary indicators are féewe! indicators to be developed through this

research.

This report focuses on the primary indicators. Essential meteorological indicators are

precipitation, temperature, and the SPI produced monthly by the SAWS and the ARC.
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Important remotely sensed vegetation indicators produced by the ARC through the
UMLINDI report are the NDVI, VCI and PASG. Soil moisture data is available to the public
on the USGS and NOAA websites. Hydrological data is available iaraabime from tte

NIWIS. Thresholds for the different indicators are not aligned with the proposed drought
classification system. Most index categories provide for four classes of drought instead of
five. Therefore, alignment to the proposed drought classification syisteeguired. We

intend to facilitate such a process during this research.

Droughtrelated data and information is currently available and classified according to
administrative boundaries. However, drought does not respect administrative boundaries, and
it is imperative to monitor drought and classify drought conditions acapridinvater
catchment areas. For example, hydrological drought requires a system where the specific
water catchment area is considered in sync with meteorological indicators. Likewise,
agricultural drought risk monitoring and assessment should follow gaayecatchments,

and groundwater drought risk assessment should follow the groundwater recharge area for a

specific source.

A conspicuous gap in the drought monitoring system in South Africa is the lack of an
integrated system with the capacity to combine and integrate all droigted data and
indices for improved drought early warnings. The US Drought Monitor and theahastr
Drought Map are bestase examples from which we can build upon their systems and lessons
learned. Therefore, there is no need to develop a new system for South Africa. Firstly, South
Africa already has access to the required remotely sensed prémtugisught monitoring.
Secondly, this research should develop a greuit system for the extensive livestock

sector that validates the remotely sensed results.

Droughtrelated data is available in silos, mainly through the NIWIS, ARC, SAWS and a few
global sources, and sometimes at a cost. The government should apply more effort to develop
an integrated drought monitor and analysis capacity, considering droegbti®mic,
environmental and social impacts. Although not part of the objective of this research, we will
also advocate for an integrated drought monitor and analysis system.
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Chapter 2: Farm Level Indicators

2.1Introduction

Drought is only understood when we understand the impacts of drought. Drought affects all
sections of society, busineggvernment, the ecology and the environment in various ways.
Understanding the vulnerability and potential resilience of the different sectors and their

relation to each other provides valuable lessons to develop resilience for future droughts.

Drought impacts are evidenced in various forms, and the level of impact is directly linked to
the capacity of the government, private sector and society to deal with droughts. Traditionally,
drought was associated with agriculture in South Africa, butlptipo growth, migration, and

the increased demand for urban water resulted in water shortages and drought conditions for
urban areas. The most evident impacts of drought in South Africa are tangible impacts such as
empty dams, dry river beds, low grounderalevels, crop losses, lack of vegetation growth,

dry landscapes, dust storms, high animal mortalities and low production output. However, the
indirect and intangible impacts are not always linked to drought. These are high food prices,
job losses, heditimpacts, psychological stress, migration and population decline in affected
regions, bankruptcies, water conflict, low economic growth and the trauma of witnessing the

damage to livestock, crops, soil and vegetation, amongst other impacts.

Drought impacts are not measurable through remotely sensed and meteorological data, so
developing a farm or locé¢vel drought monitor system is needed.
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2.2Why farmlevel drought indicators

The South Africa Weather Service (SAWS) prowdapactbased weather warnings, but the

truth is that meteorological events have different impacts on different sectors. The variation of
drought impacts on different sectors is, in some cases, much higher than hazard threats such as
floods and fires. Foexample, grape farmers in the Northern Cape prefer meteorological
drought during the harvest months of November and December. This is because dry weather,
just before and during harvest time, promotes goaglityugrapes while rainfall damages

grapes.

One should also interpret indicators such as the SPI with consideration of the different sectors.
For example, the-ghonth SPI of1,5 during the rainy season might have a disastrous impact

on rainfed crop production, while it might have a minimal effectivestock farming. On the

other hand, the X&honth, 24month and 3énonth SPI are indicators more suitable for the
livestock sector. Reservoir levels are also linked to seasonality; for example, reservoirs with
low water levels at the beginning of thengaseason are not a problem compared to empty
reservoirs at the end of the rainy season, which could lead to water shortages. One needs to
consider the seasonality and growing season of different crops and grazing on livestock farms
with the classificatio of drought; therefore, the use of falevel indicators to grounttuth

the impact of a dry period. Therefore, the use of standardised indicators without the

consideration of sect@pecific characteristics is foolish.

The difference in drought resilience and the use of standardised indicators between commercial

and communal livestock farmers are already discussed in Deliverable 1.

Although the remotely sensed indicators provide information on vegetation condition, soil
moisture and other drought impacts, it is not always a true reflection of the actudv¥atm
situation. For example, owgirazing and wildfires might send falsgsals regarding drought

impact.

Economists have long been critical of meteorological definitions of drought, mainly when used
to develop policy responses targeting social and economic outcomes (Nelson et al. 2007;
Hughes et al. 2022). Such measures are imperfect proxies for agricutpaats and do not

reflect the economic and social effects. Drought impacts in agriculture depend on various
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factors beyond annual rainfall, timing and intensity, temperature and evaporation. They can
vary significantly with the context, for example, vegetation, soil, livestock, farm technology,
on-farm infrastructure, management skills, etc. Economic and sdteals also depend on the
context, particularly the capacity of the farmer and communities to adapt to drought shocks
(Nelson et al., 2010a; Nelson et al., 2010b; Hughes et al., 2022). Ultimately, indicators should
be linked to specific conditions and s®s. No single indicator can measure drought from the
perspective of all people, locations or time periods. Of more practical value are drought
indicators developed for specific applications which can measure the effects of drought on

policy-relevant outomes, such as farm incomes (Nelson et al., 2007; Hughes et al., 2022).

2.3 Farmlevel andDroughtimpactindicators

The impact of drought is complex, with multiple causal and feedback loops that require
understanding the interactions between the environment, economy and social impacts.
Therefore, monitoring drought and drought impact is impossible utilising weathesraately

sensed data only. Therefore, the importance of developing a system -&é¥atrmonitoring.

Farmlevel drought indicators aim to support the primary indicators available from the SAWS,
NIWIS, Dept of Agriculture and other sources, and, secondly, as an early warning system for
the farmers themselves. Nor even meteorologists, with all their soptest equipment, can
accurately predict the onset of a drought. Drought is not evident during the initial stages but
becomes easily detected after reaching full impact. However, good managers who adapted to
occasional drought conditions recognise eamysiof a pending drought, and they can act
timeously. Indigenous knowledge, in most cases, provides crucial early warning signals and

farmers, understanding some of the natural events, can prepare timeously for pending droughts.

2.3.1DroughtindicatorsBased on Indigenous Knowledge

ZumaNet shi uk hwi et al . (2013) define dAtraditi
that are locally used to read its signs and
Initially, scientists were sceptical about the value of traditiprediction, but the reality is that
communities developed traditional knowledge over centuries by closely observing natural

phenomena. However, more recently, scientists have acknowledged the value of traditional
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prediction and the importance of validating and documenting this knowledge (Lebel, 2013;
Jordaan et al., 2017; Salite, 2019)

Nature and the behaviour of animals and insects are major early warning indicators for farmers.
For example, Jordaan et al. (2017) reported that communal farmers in the Eastern Cape use the

following signs as traditional drought predictions:

1 Snakes moving the same directiaifrought when they move downhill and rain when
they move uphill

Bees flying in a specific directiandrought

Frogs making much noise in the afternéamin

Horses are jumping playfully rain.

A kaleidoscope of butterflies flying togethiea good season.

Army of locusts moving in the same directibdrought.

Lower than usual lamb percentages amongst shdepught expected

= =/ 4 4 -4 A -

Large swarms of locustsdrought

Commercial livestock farmers in South Africa agreed with the findings of Jordaan et al. (2017)

among communal farmers. They add the following:

1 Increased number of whirlwinds
T Height of finchos ihexgettarainyrseason;Ldwexpectt r ee s ;

drought.

Chisadza et al. (2013), Kagunyu et @016), and Balehegen et al. (2019) identified the
following drought early warning signs in Zimbabwe, Ethiopia and Kenya:

Early and significant flowering of Mopane (Colophospermum mopane) trees
Late flowering of Umtopi (Boscia albitrunca) trees

Intestines of slaughtered animals are black

Extremely hot weather

Some trees shed leaves befooemal times

= =2 4 A A -

Sound and movement of birds
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1 Specific patterns in the stars
1 Wind direction

Farmers have developed traditional early warning systems over many years and centuries, but
some regions might have specific natural prediction signs. Therefore, farmers must be sensitive
to natural phenomena and accurately document early warning sigimas.way, good
managers' environmental awareness might be able to develofsganific early warning

signs. The challenge remains that the traditional and natural prediction signs indicate pending
droughts or the beginning of a drought. No research fasd@ne to link natural (traditional)
drought predicters to a drought classification system, which is the core of the national drought

plan.

2.3.2Rangeland vegetation

Extensive livestock farmers depend upon the production of rangeland vegetation to feed free
ranging |livestock. Il n actual fact , l i vestoc
produced on the farm through livestock. When following such an apprdeciarmer will

focus on the quality of rangelands in the first place and therefore ensure the principles of
sustainable and conservation agriculture are applied. Natural resources such as vegetation, soil
and water are the most critical assets on any féfiren planning for drought, the importance

of rangeland vegetation became obvious. Therefore, farmers need to understand the
interactions between soil, plant and animals and its ssmmoomic impacts as principles for

drought management.

Reduced precipitation reduces soil moisture content, especially when combined with high
temperatures and winds. Reduced soil moisture results in reduced herbage production, which
leads to less protective plant cover, and reduced water infiltration, Wwignlekacerbates the
reduction of soil moisture. On the other hand, reduced herbage production results in lower
energy capture, low growth vigour and less root growth, and in its turn, reduced herbage
production. The outcome of less herbage productiordiscex! animal production, which in its

turn, lead to reduced profits, high debt, social stress and a potential outmigration of the farmer

from agriculture
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Drought stress hampers plant biomass production, quality and energy. The cumulative effect

of drought severely affects t he pl ant 6s m ¢
molecular attributes, adversely impacting photosynthetic capacity. Some qdgpeatetter

with water scarcity than others. Drought resistance plants evolve complex resistance and
adaptation mechanisms, including physiological and biochemical responses (Ings et al. 2020;
Suleiman et al. 2021). Barker & Caradus (2001) concluded kuat grought resistance is a
meaningless term since drought measurements have no linear effect on plants. Measurements
for drought intensity, according to them, could be water poterlit?g), water deficit (MM)

or soil water content (g/g, cm3/cm3, %).epfurther concluded that plant water reserves are
trivial compared to the environmentds deman
drought. In defence, it is also true that plants vary in tolerance to the intensity and duration of

drought (Snyran & Fouche, 1991; Vetter, 2009; Suleiman et al., 2021).

The growth stage, age, plant species, and drought severity and duration influence plant
responses to drought. In turn, resistance mechanisms to drought vary among plant species.
Therefore, plants can reduce resource utilisation and adjust their grovapetovith adverse
environmental conditions like drought. Water stress effects on plants are summarised in Table
2.3.1.

TABLE 2.3.1. WATER STRESS EFFECTS ON PLANTS

Morphological changes Physuiological changes Biochemical changes
1 Dwarf plants 1 Closure of stomata 1 Rubisco efficiency ceased
1 Early maturity I Photosynthesis stops I Photochemical efficiency
1 Leaf area reduction I Oxidative stress increase declined
1 Leaf extension limited 1 Cell wall integrity changes 1 ROS production
1 Leafrolling I Reduction in leaf water pote i Oxidative damage
I Stomatal position i Decrease in stomatal 1 Antioxidant defense
1 Leaf waxiness conductance 1 ABA generation
I Leaf hairs 1 Internal CO2 reduction 1 Chlorophyl contents
1 Leaf moment 1 Growth stops decreased
1 Leafangle 1 Decrease in transpiration raf 1 High proline accumulation
1 Leaf orientation 1 Enhance WUE 1 Polyamine generation
1 Small leaf size 1 Reduction in RWC 1 Antioxidative enzymes
I Less leaves 9 High proline accumulation increases
9 Leaf longevity reduction 1 Translocation ceases 1 Carbohydrate production
1 High root to shoot ratio 1 Assimilation stops ' ABA accumulation
1 Reduction in shoot length I Capillary moment ceased
1 Reduction in plant height 1 Guard cells activated

1 Internal temp increases

Source: Seleiman, et al. 2021
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Rangeland drought resilience is more than only plant resistance. Ecosystem resilience is
defined as the amount of perturbation a social or ecological system can absorb without shifting
to a qualitatively different state. It has emerged as a prominentgtanaecosystem ecology

and, more recently, as a conceptual framework for understanding and managing complex
sociatecological systems (Vetter, 2009). Ensuring drought resilience is, therefore, a complex

challenge involving not only droughésistant plarst but also their management.

Figure2.3.1 clearly illustrates the influence of rangeland management on the effectiveness of
precipitation. Ovegrazing can cause drougike conditions even with average precipitation.
Snyman & Fouche (1991), after 12 years of research on the impact of neliiaoon run

off and watetuse efficiency, concluded that veld condition, rather than rainfall appeared to be

more important for controlling ruaff and wateruse efficiency.

Reduced precipitation
High temperatukéigh winds

Lower
energy
/ \ / capture \
Reduced e :
infiltration - Low vigor

Reduced animal
production

N

Reduced
profit

Social
impacts t
stress €=

HGURR.3.1DROUGHT IMPACT CYCLE FOR EXTENSIVE LIVESTOCK FARMERS
Source: lllustration by Jordaan
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Although rangelands are adversely affected by drought regardless of conditicgramest
ones in poor condition are more adversely affected and take much longer to recover after a dry

period than good quality ones. The main reasons for this are (HA299):

i.  Improved rangeland condition is normally associated with adequate vegetation cover
to prevent accelerated soil erosion.
ii.  Better soil stability improves the capacity to retain soil moisture and grow the kinds
and amounts of plant species they are inherently capable of.
iii.  Better rangeland conditions mean higher plant diversity with different growing
seasons and rooting habits (e.g. despedium and shallowrooted plants). This
increases opportunities for plant communities to exploit the various soil moisture and

temperatee regimes across arid and seand rangelands.

The degree to which grazelands deteriorate depends on grazing intensity, frequency and timing.
Livestock owners can control each of these factors, but it remains a challenge on communal
l and. The phrase Aintensity oahddgratianzoigmgnyg r ef e

on a particular piece of land, in other words, the stocking rate.

AFr equency refdrs togthe awmber gf 6mes individual plants are grazed during the
growing season. Frequency is closely related to intensity because the probability of the same
plant being grazed twice increases with higher stocking rates. Plants grazed continasgisly h
no opportunity to grow new leaf material between successive defoliations and become stressed.
Continuous grazing, for example, on communal land, has a detrimental impact on grazeland

vigour, resulting in artificial (maimade) droghts even during normal precipitation.

ATi mi ng o dealgwith the tingedof the year that plants are grazed and their
physiological and morphological stage of development. Plants are much more sensitive to
grazing from the late boot to the early heading stage. But again, communal land around towns

and cities is grazed right through the year with zero time for vegetation to recover.

Vegetation cover is an important drought risk reduction mechanism, and the absence of good
vegetation cover renders the farmer extremely vulnerable to drought conditions. This explains

why communal farmers experience normal dry conditions as drought.
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2.3.3Water¢ surface water and groundwater

Water supply in sufficient quality and quantity is critically important for livestock production.

If animals do not meet their water requirements, they may refuse to eat, become sick,
experience lower production and ultimately die. Access to cool, cleakirdy water is
essenti al t o keep an ani mal 6s Il nternal b o«
temperature affects rumen temperature and, thus, blood temperature, which affects brain
centres that control feed consumption (USNDMC, 2022). Water quali@yso negatively

affected during drought. With water shortages and empty dams and pools, water might become
toxic with the following common water quality problems affecting livestock production
(UCDauvis, 2022):

High Nitrogen content (nitrates and nitrites).
High concentrations of minerals (excess salinity).
Bacterial contamination.

Heavy bluegreen algae growth.

= =/ =4 A

Accidental spills of petroleurpesticides and fertilisers.

Water consumption of livestock increases with higher water temperatures. For example, as
water temperature increases from 210C to 35 OC, water requirements for animals will increase
2.5 times. The amount of water livestock needs depends on the animahtypeoduction

stage. For example, the daily water intake of beef cattle when the temperature is 350C is

approximately as follows:

Cowsi 68 litresfor nursing calves; 58 litres for bred dry cows and heifers
Bulls1 76litres
Growing cattlel 36 litresfor 181 kg animal; 48itresfor a 272 kg animal; 5litres
for a 363 kg animal

1 Finishing cattle 54 litresfor a 272 kg animal; 66tresfor a 363 kg animal; 7Btres
for a 454 kg animal; Olitresfor a 544 kg animal.

Water vulnerability to drought depends not only on the type of animal, size and production

stage; The amount of water available on a specific farm, its catchment area, the water: animal
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ratio and management skills all determine water vulnerability. Therefore, it is impossible to
develop a standardised indicator threshold for water vulnerability on all farms. In addition,

water storage capacity differs on different farms, catchment ameasyater sources.

The ratio between groundwater and surface water to animal numbers is also important and
differs from farm to farm. Therefore, each farmer should develop their owrsfaenific water
availability thresholds for the different drought classes.

Things to consider include the following:

Water reticulation system.
Surface water storage capacity
Catchment area for surface water storage infrastructure

Number of boreholes

= =2 4 A4 -

Reliability of groundwater sources
2.3.1.1Surface water in the dithern Cape (NC)

The water storage capacity in the NC is 147.3 millidnwith the Vaal and Orange rivers the
major sources of surface water. There is a total of 436 towns and settlements in the NC, with
316 dependent on groundwater. Except for the Orange and Vaal rivers, all other rivers are
classified as ephemeral, with nsible flow most of the time. As a result, these streams are
not reliable water sources, especially during dry periods. As a result, the livestock sector mainly
depends on groundwater, with only a d@ifarh of farms having small farm dams. Therefore,

reporting on surface water is not as important as groundwater reporting.
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2.3.1.2Groundwater in the Northern Cape

The limited number of water
resources in the Northern Cape h
resulted in increased emphasis bei
placed on groundwater
Groundwater supply of acceptab

guantity and quality is the lifeline o

. . Legend
most of the livestock farms in th{ — \iemcee

Depth
NC. Groundwater is defined a[m]p

Hgh : 180
waterfound in the subsurface in th .

Low:0

saturated zone below the water tal

and includes all water occurring i s S e
0 125 250 500 Kilometers

FIGURQB._ZZAQUIFER DEPTHS IN THE
present at different depth; Source: Dennis. 2011

the saturated zone. Groundwater

everywhere in the NG@SeeFigure 2.3.2). The water table may rise or fall depending on
drought, heavy rains or ovabstraction of the groundwater. Water in aquifers is brought to
the surface through springs, discharge in rivers or lakes or borehole pumping. The use of
boreholes is the most common method on livestock farms to abstract veateaduifers.
Almost every farm in the NC is dependent on groundwater for both domestic and stock
watering. Unfortunately, there are no abstraction volumes available, but in terms of quantities
of water, stock farming has a relatively small influence omdg@nal groundwater resources.
Mining in certain areas, especially around Sishen and north of Kuruman, significantly impacts
groundwater levels in its close vicinity (Dennis, 2011). Farmers located closer to these mines
complained about groundwater slages during droughts. Depending on the daily rainfall

distribution, two years with the same annual rainfall may give different recharge values.

Annual runoff and recharge totals are more sensitive to-gont rainfall distribution than
annual total rainfall, especially in seuiid regions (Eilers et al., 2007). Therefore, an extended
period of mediurvintensity rainfall is more likely to lead wgnificant recharge than either a
period of highintensity rainfall, which leads to increased runoff or a period ofifdgensity

rainfall, most of which will evaporate.
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Dennis (2011) completed a drought sensitivity report for groundwater in the NC. She applied
the DART methodology, which focuses on typical parameters used in sustainability studies,
but also accommodates water quality due to water quality deterioratiorawlitop in water

levels over time as the salt load will concentrate. DART stands for:

D i Depth to water level change
A1 Aquifer type
RT Recharge

=A =4 A =4

T 1 Transmissivity

D i depth to water level change

—
‘.
Legend \
) \ s
Morthern Cape \ o 4
Water Level Change
[m] ]
P High: 0,973 «)
./_Aﬁ el
B Low: 0105601 v -
[ T T T T 1
0 125 250 500 Kilometers

FHGURR.3.3:DEPTH TO WATER LEVEL CHANGE
Source: Dennis, 2011

Dennis (2007) calculated water level change for different drought scenarios following the

relationship between water level, recharge and storage coefficient:

DN ater levek

Change in water level for most of the extensive livestock areas is very low except in the eastern
part of the NC with higher precipitation. It is important to note that the m&ure2.3.3
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does not show the aquifer depth; the focus is on water table change due to drought. The reason

for the greater change in water table depth is a result of higher recharge capacity in the east.

A1 Aquifer type = Storage coefficient

The storage coefficient was derived using the geohydrological maps of South Africa in
conjunction with the classification of aquifer types shown in Tal3e.

TABLE 2.3.2: AQUIFER TYPE

Aquifer type Storativity
Fractured 0.001
Fractured &tergranular 0.005
Karst 0.01
Intergranular 0.1

Legend '\!

| Northern Cape "‘\
Aquifer \
Storage Coefficient
[ 0.001

[ 0,001 - 0,005

[ 0,005-0,01

I oo01-01

r T T T T T

500 Kilometers

T
0 125 250

HGURR2.3.4:AQUIFER STORAGE COEFFICIENT

Source: Dennis. 2011

R - Recharge

The relationship clearly shows that the recharge is the driving force of the water level since the
storage coefficient is a statiparameter. Furthermore, recharge is a function of both
precipitation and slope. Therefore, Dennis (2011) formulated a recharge model based on the

parameters above to accommodate monthly recharge Figures based on monthly precipitation.

138



Chapter 2: Farrhevel Indicators
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Transmissivity measures the ease with which groundwater flows in the subsurface. The
transmissivity map was produced using the geohydrological maps of South Africa and
translating the yield values to transmissivity values using a factdivef This led to

transmissivities in the range of 0.225m’/d.
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DART result

Table2.3.3 shows the resulting ranges, classification and associated weights to calculate the
DART index with a maximum score of 10. Higher values represent more resilience against

drought andtlimate change projections.

TABLE 2.3.3. DART INDEX CALCULATION

D A R T
65% 15% 15% 5%
Range Rating Range Rating Range Rating Range Rating
5-0 0-10 07 0.1 0-10 0-10 0-10 0-25 0-10
Rating =(2*Range = 1( Rating = 100*Range Rating = Range Rating = 0.4 Range

The DART index indicates relatively good resilience against drought with most &aues

seven Small areas north of Kuruman shows a higher indeghft

The groundwater risk assessment concluded that groundwater withdrawals as a fraction of total

water withdrawal might increase where surface water become scarcer.
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FGURR.3.7DARTINDEX

Source: Dennis

The Council of Geegsciences (2011) also develop a groundwater vulnerability rRejure
2.3.8). They also used the DART index but added two additional parameters, namely Soil
media (Sg) and the vadose zone (IR) impact. In addition, they also apply different weightings

to the different parameters as shown in T&e4.
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[ Insignificant (3 - 15)
[ Very Low (15 - 20)
[ Low (20- 25)

[ Moderate (25 - 30)
[ High (30 - 45)
[ Very High (45 - 60)
Il Extreme (60 - 110)

ALEXANDER BAY

FGURR 3.8:GROUNDWATER VULNERABILITY
Source: Council of Ge&ciences, 2011

TABLE 2.3.4. PARAMETERS & WEIGHTS
Depth taggroundwater
Recharge
Aquifer media
Soil media
Topography
Impact of vadose zone
Hydraulic congktivity

W OFENWSO

Farmers should note that increased groundwater withdrawals are not sustainable if quantities
are not much less than groundwater recharge to avoid harmful reductions in baseflow to surface
water bodies and large drawdowns of the groundwater table. Manstoloke farmers
introduced Lucerne or other fodder sources under pivot irrigation as a drought resistance
strategy. Unfortunately, these additional withdrawals might have a negative impact on the
DART index on a specific farm or catchment.

The DART index is very similar for the NC. Therefore, the decisive factor that determines
groundwater drought resilience is the DART index/abstraction ratio. Some farmers might have
a large ratio if they do not owavithdraw water from groundwater aquifefghe principle is
similar to overgrazing. Farmers who ovwaithdraw water from groundwater aquifers might

experience normal dry periods as droughts with low groundwater levels.
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Reporting groundwater levels according to the drought classification remains a challenge in
the short term. However, with time, the reporting system will gather more data for increased

calibration.

2.3.4So0il moisture

Soil moisture is the total amount of water, including water vapour, in unsaturated soil. Soil
moisture represents the water in land surfaces that is not in rivers, lakes, or groundwater but
instead resides in the soil's pores. Surface soil moisturevgtiee in the upper 10 cm of soil.

In contrast, root zone soil moisture is the water available to playegserally considered to be

in the upper 200 cm of soil (AMS Glossary of Meteorology, 2022).

Soil moisture content can have significantly different implications depending on soil type,
depth, location, season, vegetation cover, etc. For example, the same absolute value of soil
moisture can indicate a serious drought in the higher rainfall egsaeis of SA, while it
represents normal soils in the Northern Cape. Interpreting soil moisture data requires assessing
and maintainingehtad aantiguady sdil characterestics. Ifi also means

that more than one unit of measure maypéeded to adequately describe conditions, including
not wolumetricWated (t he volume of water present)
percentages, etc. The importance interaction of soil moisture with vegetative growth is already

discussed in 3.2.

2.3.5Social impact of drought and corresponding indicators

The social impact of drought is, in most cases, not a direct impact of drought and not always
tangible. However, social impact is closely linked to economic impact. Significant social
impacts occur as a result of reduced income for farmers and rural Ssesnencreased rural
poverty, job losses, increased workloads on individuals, health and welfare issues, the need to
seek alternative income, declining educational access, increased workload for women in far
rural areas who have to walk long distancesoltect water and overload on service providers.

In addition, drought impacts are gendpecific, and men and women experience drought

differently due to different responsibilities.
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Increased poverty and lower household income have led to increased isolation of farm family

members due to longer working hours for men and less money available to travel. In some

cases, drought leads to separation due to the requirement of a family nesdsdralternative

income elsewhere.

Nicholls, Butler, & Hanigan (2006) reported an increase of 8% in suicides during drought
periods and Lorenz, Conger, & Montague (1994) and Coelho, Adair, & Mocellin (2004) also

reported higher levels of anxiety and depression during droughts in the US8rand

respectively. Drought studies in California suggested a strong correlation between periods of

drought and the perception of the physical and mental health among inhabitants (Barreau et al.,

2015). Mental health is complex and varies with sociatucail and family norms and values

and the financial status of individuals and households. Vins, Bell, Saha, & Hess (2015)

developed causal process diagrams for drought based on published papers on the impacts of

drought on healthrigure2.3.9 illustrates the mental health outcomes of the economic effects

of drought.
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=
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and access to food (5) »Missing meals (6)

FGURR.3.9:MENTAL HEALTH OUTCOMES OF ECONOMIC EFFECTS OF DROUGHT
Source: Vins et al, 2015

Financial constraints, a depressed economy and job losses might lead to anxiety, stress,

humiliation, or shame (when people cannot provide for daily needs). These characteristics,

combined with stress in its turn, lead to depression and, ultimately,esuicid
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The migratory effects of drought on mental health are illustrat&igure 2.3.10. Again, the
pattern is evident in that drought can result in outmigration from agriculture or the sector
affected by drought. Outmigration because of drought lead to the loss of social networks, a new
social environment, altered family, community aodial structures and eventually to anxiety,

depression and potential suicide.

. Depression/Depressive
Decreased community ___—»p symptoms (27)
resources, services and
support systems (12)

Drought

Loss of social networks:
Social/geographic
isolation (19

Migration and separation of
family, friends and
community members (28)

Suicide (8)

Anxiety/Anxious
Symptoms (20)

Resistance by Altered social, community
receiving - and family structures and
communities (4) dynamics (10)

FGURR 3.10MGRATORY EFFECTS OF DROUGHT UPON MENTAL HEALTH
Source: Vins et al, 2015

The mental health outcomes related to the environmental degradat@rhadfiseholds

illustrated inFigure2.3.11
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Not all populations and communities experience and react to drought similarly. Individuals or
communities apply various mechanisms to deal with the mental health effects of drought. Table

2.3.5 summarises populations' vulnerable characteristics, protective factors, and coping

mechanisms.

TABLE 2.3.5. VULNERABILITIES, PROTECTIVE FACTORS AND COPING MECHANISMS FOR MENTAL

HEALTH EFFECTS OF DROUGHT
Vulnerable characteristics Protective factors

fRural & remote populations = {Social support, social capital
fFarming &gricultural depend: sense of community belongir
population fShared knowledge and
findigenous populations community preparedness
fiPerceived stigma associatec regarding availability and ac
mental health issues to services
fiLack of knowledge surroundi TMentahealth literacy
mental health issues fGovernment assistance and
fiLack of knowledge regarding initiatives available
availability of mental health
support
fPrevious mental health issue
adverse life events
Exposure to an extended pe
of more intense or severe
drought
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Coping mechanisms

Employing practical solutions
active methods, including
planning for the future

fiPsychological methods, inclt
positivehinking, acceptance ¢
reframingf the problem

{Utilising social support and
talking about the problem

{Distracting oneself from the
problem

fITaking a break

{Turning to religion

fAlcohol and substance use

{Denial and avoidance of the
problem
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Factors with the highest publication scores are:

Employment and financiaonstraints and depressed economy (33);

migration and separation from family, friends and community members (28);
depression and depressive symptoms (27);

anxiety and anxious symptoms (20);

loss of social networks and social and geographic isolation (19);

declined agricultural production, crop failure and livestock loss (16);
household and family tension and spousal stress (16);

decreased community resources, services and support systems (12)

altered social community and family structures and dynamics (10);
increased workloads (10)

stress (8);

suicide (8);

uncertainty and concern for the future (8);

altered relationship with oneds environme
environmental degradation of oneds home (
decreased time and resources for interacting with others (7);

dietary changes and missing meals (6)

identity loss and cultural change (6);

decreased availability and access for food (5);

domestic violence and abuse (5);

children do not attend school in order to help at home or family business (4);

resistance by receiving communities (4);

= =4 4 A4 4 4 -5 -4 -4 -5 -4 -5 -5 -5 -5 -4 -5 -5 -4 A5 -5 A2 -

humiliation or shame (3)

The causal processes for mental health outcomes to drought is illustrated in dRgam,
2.3.12.
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2.3.6Economic impact of drought and corresponding indicators

A substantial body of literature confirms drought's adverse economic impact. Drought and
water scarcity impact all levels of economic activity, and a downtrend characterises droughts
in economic growth at national and regional levels. Economic impacte famg direct

impacts such as reduced agricultural production, reduced activity in the total agricultural value

chain, delays in industrial production processes, reduced business activity in rural towns,
increased water treatment costs and disruptionsergg production.

The 2015 Carbon Disclosure Project (CDP) water disclosure report reported a loss of R841

million estimated by only ten companies in the Vaal catchment area due to the 2015/2016

drought. Direct drought loss because of water stress was R610 million; estsysteact

R128 million; additional flooding impact R35 million (CDP, 2016). Reports and publications

on drought impacts in South Africa primarily focused on drought impacts in the agricultural

sector. As a result of the 2015/2016 drought, the governmiatdisked a drought committee
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in terms of Section 7 of the Marketing of Agricultural Products Act (Act 47 of 1996). The
committee was instituted following approval by the Minister of Agriculture, Forestry and
Fisheries. The committee documented the impacts of the 2015/2016 and 28 0f2@jhts.

The committee reported faeaching implications for farmers and the broader economy.
Projections showed that crop farmers affected by the 2015/2016 drought would only yield
positive cash flow positions again in 2019 if normal climate conditions chassttetie
following years. Calculations showed that Net Farm Income (NFI) for maise farmers in the
Northern Free State were 218% less than the 2014 base year and the only way farmers could
survive was to restructure their debt to longer periods and evengouatescenarios, they will

only recover four years later. Smallholder farmers were also severely affected by the 2015/2016
drought. The Smallholder maise area decreased by 33% in the 2015/2016 season due to

unfavourable planting conditions.

Drought in the winter rainfall area of the Western Province also showed decreased production
of agricultural products. Winter cereal production decreased by 32% for wheat, 21% for barley
and 4% for canola. Stone fruit production declined by 9% to 20%tadnhel grape production

by 13%. Simulations for apple and pear producers showed negative NFI for 2018, and they
estimated that these farmers would take at least five years to recover financially. Wine

producers also experienced a drop of 17% in productiongithe 2018 drought.

Drought also affected the livestock sector with prolonged and severe droughts in the Northern
Cape, Eastern Cape and Western Cape. The national sheep flock has reduced dramatically due
to successive and prolonged droughts. In some cases, farmers inttitextNGape and Eastern

Cape had to sell all their animals, and those farmers might never recover financially and
ultimately migrate out of agriculture. Maré & Willemse (2016) established that more than 40
000 cattle died in KZN in 2015 due to drought, vhiccreased red meat prices due to lack of
supply. In a study of 350 livestock farmers, Maré, Bahta & van Niekerk (2018) and their own
calculation found that average cattle herd numbers declined by 14.7% and sheep numbers
declined by 12.2% from 2013 to 20&s a result of the 2015/2016 drought. T&®36 shows

the decline in herd numbers per province for both cattle and sheep.
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TABLE 2.3.6. AVERAGE HERD NUMBERS AND % CHANGE IN NUMBERS DUE TO DROUGHT FOR
SELECTED PROVINCES FOR CATTLE AND SHEEP.

Province Cattle: Ave herd siz % decline Cattle =~ Sheep: Ave herd size Sheep: % decling
322 -32.2% 333 -34.5%
1087 17.7% 685 -15.5%
1042 5% 1752 -1%
544 -16.9% 2197 -3.5%
256 -33% 2408 26.7%
176 -4.3% 2433 -6.8%
540 -8.2% 2612 -13.8%
566 -14.7% 1774 -12.2%

Source: Maré, Bahta & van Niekerk (2018) and own calculation.

What is interesting from the results shown in Table 8.1 is that the requirement or guideline to
reduce livestock numbers by 30% during extreme drought was only met in Limpopo and
Northern Cape. KwaZutatal reported a decline in numbers of only 5% fotleaind 1% for

sheep implying that livestock mortalities in KwaZNiatal reported in other reports mainly
come from the smallholder sectothe same author reported deaths of 40 000 cattle in KZN

in 2015 (Mare & Willemse, 2016). The Free State and Bastape, two of the provinces
declared a state of drought disaster, also reported significantly lower percentages for declining

sheep and cattle numbers than expected.

The agricultural sector in the Western Cape lost more than R5 billion due to the 2017/2018
drought, which directly impacts the national economy in that Western Cape contributes more
than 22% to the national agricultural GDP. The Western Cape is alsaglstlaxporter and
earner of foreign capital due to exports.

Drought causes additional strain on the fiscus in supporting drought relief to communities and
farmers. Drought also increases the import bill in that South Africa needs to import food items

such as maise and wheat and protein sources such as meat,ceggglean during drought.

Local shortages of produce also push up prices, which in turn push up the consumer price
index. Given that the Reserve Bank uses interest rates to control inflation, this generally leads

to higher interest rates, which affect grgire economy.

Vins, Bell, Saha, & Hess (2015) developed causal pathways to illustrate drought's economic
and social effects. The authors analysed publications on drought impacts and developed

different causal pathways for drought based on the number of publicatioed tmispecific
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drought impacts. The causal diagrams developed by Vins et al. (2015) illustrate the link

between economic and social impacts.

——# Depression/Depressive

Humiliation;—— g : __——w»  symptoms (27)
Y Uncertainty and concern- ¢ » %
Sham‘e O] for the future (8)
v 4

Children do not attend school in

Migration and separation of order to help at home or with Decreased time and
family, friends and family business (4) resources for interacting
community members (28) \ 4 h f with others (7)
\ . £ <

X

Domestic violence;
- Abuse (5)

1
[ —~ Suicide (8)
Household and family 4

tension; Spousal stress

Drought Employment and financial 7\ as6)

constraints; Depressed > ,‘ ; i a A\
economy (33) N ) » Loss of social networks;
\ D Gl | \ > So.cial-’gfogr:phic
> isolation (19)
Declined agricultural - 7’
production, crop failure I: d £ Anxiety/Anxious

and livestock loss (16) = - sesigien » St ) = Sympt

workloads (10) ree® S);n ptoms (20)

Dietary changes;

Decreased availability » Missing meals (6)

and access to food (5) —

FGURR.3.13DIRECT ECONOMIC EFFECTS OF DROUGHT
Source Vins et al, 2015.

The direct economic effects are illustratedrigure2.3.13 in red. Direct economic effects are;

migration and resultant separation from family, friends and support structures
declined production due to crop failures and livestock loss

financial constraints

depressed economy

unemployment

= =2 4 A4 A -2

decreased availability and access to food

The intermediary factors of economic pathways are illustratégyure3.14. The link between
to social impact of drought and the economic impact is clearly illustrated in the diagram in
Figure2.3.14.
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Financial constraints and a depressed economy lead to;

humiliation or shame

decreased availability and access to food
household and family tension

spousal stress

uncertainty and concern for the future
stress

increased workloads

less social interaction

loss of social networks

= =4 4 A4 A4 A4 -5 -2 - -2

domestic violence
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2.4 Characteristics of drought classes

This chapter listed the most obvious impacts and indicators for the different drought classes.

2.4.1D0 drought

The DO drought is a short dry period, whioight be temporary, or it may indicate the start of
a prolonged and more severe drought. This type of drought is typically the 1 hyd¢he Gy

period. Farrrevel characteristics are the following:

Shortterm dryness

Daily evapotranspiration has exceeded precipitation for several days
Limiting growth of pastures

New plant growth has withered at the soil surface

Grass leaves are curled during the midday and afternoon

Smaller farm dam levels are lower than usual

Some fountains stop flowing

= =2 =4 A4 A4 A - -2

Shortterm weather forecasts indicate hot and dry days

2.4.2D1 drought

The D1 drought is the moderate drought expected with a frequency of about 1 in 5 years. The
D1 drought might be a seasonal drought or an indication of a prolonged extreme drought.
Normally, there is no reason for farmers to panic during a D1 droughthéytshould be

prepared for a progression of drought under El Nino conditions with a seasonal forecast of

belowaverage rainfall. Characteristics of the D1 drought are the following:

1 Daily evapotranspiration has exceeded precipitation for a number of several days
1 Grazing conditions deteriorating
1 Blades of grass remain curled throughout the day, and theytdydint of the sward

is peppered with tanoloured leaf tips and new growth that athered at the soill

surface
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Tyre tracks made by tractors and vehicles remain apparent a day or more after they
were made

Rainfall is unlikely within the next two weeks, especially during an El Nino year

Streams, reservoirs and wells lower than normal

Soil moisture deficit for planting dryland forage

Water shortages developing or imminent

Animals start showing feeding stress

Slight increase in the supply of older and poor conditioned animals at auctions and

abattoirs

2.4.3D2 drought

The D2 drought is a severe drought with a frequency of about 1 in 8 to 10 years. The SPI values

for a D2 drought are normally between minus 1.2 and minus 1.5. This is the category of drought

where farmers should reduce animal numbers. Typical charac®$tihis drought are the

following:

=

= =4 4 A4 -4 A -

Daily evapotranspiration has exceeded precipitation for several several weeks
Grazing conditions deteriorating

Forage growth has slowed dramatically and has stopped in areas wituadits
soll

Groundwater levels going down at selected places

Smaller farm dam water levels are much lower than usual

Most fountains stop flowing

Streams, reservoirs and wells significantly lower than normal

Animals are grazing the forage noticeably faster than the rate forage is growing
Animals show feeding stress

Supply of animals at auctions and abattoirs increases relative to previous weeks and
years

The market price for culled animals decreased slightly

No forecast of rain in short to medium term
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Regular higHfire alerts

2.4.4D3 drought

The D3drought is typically when farmers advocate for a disaster declaration. This drought

category causes severe economic loss, and the frequency is more or less 1 in 12 to 15 years.

The SPI values for precipitation are normally lower than minus 1.5. The D3tdra

characterised as follows:

=4 =4 4 A4 -4 A4 -5 -4 -4 -5 -4 -5 -5 -4 A -4 A2 A5 A4 A2 -

Daily evapotranspiration has exceeded precipitation for several weeks
Extremely hot conditions compare to the ldegn mean temperature
Grazing conditions extremely deteriorated

Zero forage growth is taking place

Severe shortage in natural grazing

Not enough feed and fodder for animals

Animals show serious feeding stress

Not possible to keep animals with progeny on natural grazing alone
Widespread water shortages

Groundwater levels are very low

Most farm dams at very low levels

Small farm dams empty

In some places, farmers have to transport water to animals
Significant increase in the supply of animals at auctions and abattoirs
In limited cases, the sale of core breeding stock

Some sales of productive assets

Significant decrease in animal prices

A dramatic increase in feed and fodder sales atlagrinesses and cooperatives
Farmers stop with capital expenditures

Negative impact on the regional economy

Labour retrenchments in some places
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1 Regular higHfire alerts

2.4.5D4 drought

The D4 drought is an exceptional drought with a frequency of more or less one in 30 years.
Some refer to this category of drought also as a catastrophic drought. Few farmers can sustain
this drought without external support or drastic changésarstructure and operation of their
businesses. The economic impact of a D4 drought is usually felt at a national level and almost
always signifies increases in food prices and inflation. Some of the characteristics of the D4

drought in the livestock semtare the following:

Daily evapotranspiration has exceeded precipitation for several months
Scorching conditions compare to the lelegn mean temperature
Exceptional and widespread pasture losses

Grazing totally deteriorated

= =2 4 A4 -

The remaining leaves of grass stay tightly curled throughout the day and are almost
completely tarcoloured and withered

Total shortages of natural grazing

Zero vegetation production is taking place

Soil is dry with no moisture

Animal conditions are extremely poor

Core breeding stock have to be kraaled for survival

Total water shortages

Almost all farmers have to transport water for animals

Almost all farm dams are empty

Streams, rivers and fountains are totally dry

=4 =4 4 A4 A4 A4 -4 A -5 -

Rainfall is unlikely within the next few weeks or prior to the total exhaustion of
available feed supplies

=

Most animals already sold during the D3 drought

Increased supply of poorly conditioned breeding stock at auctions and abattoirs
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Extremely poor prices for breeding stock

Extremely negative impact on the regional economy
Significant sales of productive assets

Regional businesses close down

Increased labour retrenchments

Increase in unemployment in rural areas

Debt consolidations by farmers and rural businesses

=4 =2 =4 A4 -4 A4 A -2

Increase in farmer bankruptcy applications

2.5Model fordrought determination

We developed a draft model for illustrative purposes to explain to farmers what tHevatm
information might look like. The framework to be developed as part of deliverable four is based
on the draft model presented here. We categorise theléaghdought indicators as shown

in Table25.1.

TABLE 2.5.1. INDICATOR GROUPING AND NO. INDICATORS

No Indicator group No of indicators
Meteorological / weather 3
Grazing and fodder data 6
Animals 10
Water 4
Soil 4
I Social 8
Economic 9
] TOTAL 44

Since not all indicators are equally important, we propose a weighting of each and group of
indicators. We will determine the weights or importance of the different indicators through
consultation with farmers and expert inputs. The model will calculattothl score for all the
indicators and apply the required weights, and the total score should indicate a drought class.
The higher the score, the drier it is.

Calculating the drought score as follows:
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Indicator group B @V
Where

M n =number of indicator scores
M a = score for individual indicator

1 wi = weight for individual indicator

and

~

Drought score B "Y ORIDQAR ) FB Fd 60 IBRY £ RO oo &

Where:
1 SPI = SPI derived index score
1 Veg = Remotely sensed deriveegetation score
1 M = Onfarm derived score for meteorological indicators
1 P = Onfarm derived score for pastures and fodder
1 A =Onfarm derived score for animals
1 Wat = Onfarm derived score for water
1 S = Onfarm derived score for soll
1 Soc = Derived score for social indicators
1 E = Derived score for economic indicators

Each of the indicators are classified according the different drought classes with

corresponding score as follows:

DO droughti 5
D1 droughti 15
D2 droughti 40
D3 droughti 80
D4 droughti 100

= =2 =4 A
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The following sections show the different indicators for each indicator group. Tabl2go

25.7 are screenshots taken from the mod&laal.

2.5.1Meteorological indicators from SAWSPI

The template for the SPI scores are shown in TaBl. Note that consideration is given to

different SPI time periods and exacerbating factors are also considered.

TABLE 2.5.2. SPI SCORING TEMPLATE

Rainfall efficiency lower than

normal

1,10

‘Wind impact above normal

1,20

Temperature above normal

1,30

DO drought D1 drought D2 drought D3 drought D4 drought W
Score 10 40 60 BO 100 B2 74
> minus 0.7 Minus 0.7 to -1.19 | Minus 1.2 to -1.49 | Minus 1.5 to -1.99 <=2 68 62
Rainfall 1,000
3-month SPI 1 80 |005| 4
&-month SPI 1 80 |005| 4
12-month SPI 1 60 |0,30| 18
24-month 5P| 1 60 |0,30| 18
36-month 5P 1 60 | 0,30 | 18
Exacerbating factors <5% 6% - 10% 11% - 20% 21% - 30% =30%
Exacerbating factors 1,00 1,10 1,20 1,3 1,40 1,20

2.5.2Remotely sensed: Vegetation, soil & hydrological

The template for the remotely sensed data is shown in Za&b&

TABLE 2.5.3. SCORING TEMPLATE FOR REMOTELY SENSED DATA
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Vegetation 10 40 60 80 100 55| 56|
<90 BO%-89% T0%-T9% B0%-69% <B0% 1,00
NDVI 1 60| 0,20] 12
3-month=90% B-month=00% 12-month=90% 12-month=B0% 24-month=80%
PASG 1 40| 0,201 8
36-45 26-35 16-25 6--15 <5
SVHI 1 60| 0,200 12
<90% B0%-89% J0%-79% 60%-69% <B60%
vl 1 60| 0,400 24
Soil moisture 10 40 60 BO 100 B0)| 80|
of
CPC soil moisture (top soil) 21%-30% 11%-20% 6%-10% 3%-5% <3% I
1 80| 0,60 48
CPC soil moisture (> 40 em) 21%-30% 11%-20% 6%-10% 3%-5% <3% I
1 wl o0,40| 32
Hydrological data 10 40 &0 BO 100 53 42
Dam levels =60% 41%-60% 31%-40% 16%-30% <15%
1 40 |o05] 2
Stream flow =60% 41%-60% 31%-40% 16%-30% <15%
1 80 |05 4
Groundwater level =60% 41%-60% 31%-40% 16%-30% <15%
1 40 |00 36

2.5.3Meteorological / weather (ofarm)

The SPI is the primary indicator provided by the SAWS, ARC andS$® Rainfall datdrom
the SAWS and ARC are modelled in most cases and are not always a true reflection of farm

level weather conditions. The model, therefore, requires the following tarcatchmentevel

data:
1 Rainfall
1 Temperature as a deviation from the long term average
1 Cloud cover
1 Whirlwinds

The example template is shown in Table.4.

TABLE 2.5.4. METEOROLOGICAL DATA
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mean

Meteorclogical / weather DO drought D1 drought D2 drought D3 drought D4 drought 1,00 | 38
Extremely hot
nditions. High | E i Ily hot
No indication of |Evapotransipartion e':: I:: iralfion c;i?:il::rr: ;ail
‘Weather rainfall in short higehr than po'; u?ar e lirati:n
conditions near term. Slightly precipitation for ; eg . i
whirlwinds with exceeded
normal abowe average numebr of days. o
e b No rain expected dust and dust precipitation for
i jadiats storms. Extremely months
high fire danger
Weather conditions deviation <10% 11%-20% 21%-40% 41%-T5% >TE%
from the mean
Score 5 15 40 80 100
Higher temperatures 1 0,10 2
Less cloud cover for days 1 40 (005 2
Mare whirlwinds 1 40 (005 2
Precipitation diff f
recipitation difference from 1 0,80 32

2.5.4Grazing / fodder

The grazing and fodder indicators were discussed in detail in section 4.2. Indicators useful for

drought classification are shown in Table 5.5. Grazing indicators are:

=4 =2 4 A -4 -2

Production loss

Grazing capacity loss

Additional licks provided

TABLE 2.5.5. GRAZING AND FODDER DATA

Plants wilted more than normal

More reserve feed and fodder used

Additional feed and foddgrurchased

Grazing/fodder DO drought D1 drought D2 drought D3 drought D4 drought 1,00 61
Grazing conditions 1

Grazing mara or start deterorating. Zﬂ“::htn 1

lass normal. Na Have to faad E — n:ahl::

neead to provide animals with gramg af:ad d

additional fodder |offspring. Increased ;:‘;"’“ - Ehf';

ik damands il

‘Genaral condition/situation
ragarding grazing and fodder and <10% 11%-20% 21%-40% 41%-T5% >TE%
feading - % dewviation
Score 5 15 40 BO 100
Plants wilted 1 80| 0,10 8
Grazing capacity loss 1 80| 0,20| 1
Production loss 1 BO( 0,40 32
Reserve feed and fodder used 1 15| 0,201 3
Feed and fodder purchased 1 15| 0,101 2
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2.5.5Animals

Animal behaviour and condition provide excellent indicators for drought classification. The

animal indicators are swutlivided into three suBections as follows:

1 Condition and productivity
0 Animal condition loss
o Number of animals kraal feeding asesult of drought
0 Less wool yield
o Less weight of progeny at weaning

1 Animal numbers
o Fewer animals on the farm out of own decision
o Forced sales of animals as a result of drought
o The forced sale of core stock

1 Animal progeny and mortality
0 Less progeny
o Increased mortalities of older animals

o0 Increased mortality of young animals

The reporting template for animals is shown in T&Be6.

TABLE 2.5.6. ANIMAL DATA
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Animals an natural | Conditian of O';E d":fﬁ:".“ fﬂ
Clear signs that g;a.zmg ::::: an;n_als un;:lural forced sales of cora
. Ganeral condition | pregnant and aldar mou ) L L) LI stock. Large
Condition & = - e Forced sales of | poor. Have lo kraal =
. of animals more or | animals starting to N . numbers of animals
productivity unproductive mast productive 3
lass normal suffer on natural . . = N recaives kraal
B animals. Moralities | animals. Morlalities 3 3
grazing. 5 feading. Very high
high because of as a rasult of -
drought drought very high, | ™oMaites becatise
: of drought
Score 5 15 40 BO 100
e e e L <10% 11%-20% 21%-40% 41%-75% >76%
ragarding animals - % deviation
Animal condition loss 1 80| 0,20| 1
Kraal feeding because of
"8 1 15| 0,08 1
drought
Less wool yield 1 40 0,02 1
Less weight of progeny at
uelght of progeny 1 15[ 0,05| 1
weaning
Small forced th:dum :nd K
reduction in animal | Sales of all oldar anima Ll )
A already sold. Start | corebreeding stock.
. |numbers. Increased | unproductive and 5 3 A
. Mo forced reduction 1 saling productive All ather animals
Animal numbers N sales of older animals. Cver )
in numbars A 3 animals with poor | sold. Undar supply
unproductive supply of animals at § .
N N condition. Over of animals at
animals ara auctions. ) N
= supply of animals at auctions.
immanant. B
auctions.
<10% 11% - 20%% 21% - 30% 30% - 60% >61%
Less animal number as
S 1 40| 0,05( 2
mitigation
1 15 0
Sales of core stock 1 5| 0,200 1
Forced animal sales 1 15| 0,05 1
Animal mortalities o Above normal High Wery high Exceptional high
% deviation from normal Normal (<5%
and progeny ( ) (6-10%) (11-20%) (21-30%) (=31%)
Increased mortalities of you
: youns 1 15[ 0,15| 2
animals as a result of drought
Increased mortalities of older
. 1 5] 0,15 1
animals as a result of drought
Less progeny 1 15| 0,05 1
0 0

2.5.6Water

Almost all livestock farmers in the NC depend on groundwater as the primaryrestarce.
Groundwater is affected only during D3 and D4 droughts. The water indicators proposed for
drought monitoring are:

Groundwater levels
Dam levels

Rivers and streams

= =4 4 =

Water availability to animals

See Tabl@ 5.7 for theXcel model.
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Water DO drought D1 drought D2 drought D3 drought D4 drought 50| 1,00] &0
Fiene;al reduction Critical water
Claar signs of a ;":ar: |:;5ﬁr1\:.s.s Soma farmars hava shortages.
Water situation reduction in water da ! :n 1.1 to transport water | Significant number
mara or less normal | reserves. Slightly an gI'CII.II.'I water for animals. Far of farmars have to
lavals starting to dry
undar normal balow avaraga transport watar for
up. Possible lower e
groundwater tabla
Significantly below
MNormal Below normal 8 ¥ Critically low Crisis / no water
normal
% below normal <9% 10%-30% 31%-50% 51%-70% >71%
Score 5 15 40 B0 100
Groundwater levels 1 40| 0,40| 18
Dams 1 40| 0.05] 2
Rivers and streams 1 44}| 0,05 2
‘Water availability to animals 1 BI}I 0,50( 40|

Soil moisture determines vegetation growth and the interaction between soil moisture and

vegetation growth is explained kigure3.1. The template for soil moisture scoring is shown
in Table2.5.8.

TABLE 2.5.8. TEMPLATE FOR SOIL SCORING

Soil DO drought D1 drought D2 drought D3 drought D4 drought B0 B0
Exceptional;ly dry.
Normal Slightly dry Dy Extremely dry Zero moisture at
any depth
Score 5 15 40 80 100
Dryness 1 BO( 1,00| B8O

2.5.8Social impact

The use of social impact for drought monitoring is not commonly discussed in the literature

and is ignored during drought response programs. However, social resilience is an essential

element in the survival of farmers during droughts. Indicators idehtifieneasure the impact

of drought on the social environment are the following:

= =2 A2 A -2

Higher stress levels

Struggl e

t o

Cancellation of family holidays

Labour retrenchments

Stress in family relations

pay
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1 Withdraw from social events
1 Reduce social involvement in the community

i Consider suicide

The Xcel proforma is illustrated in Tab25.9.

TABLE 2.5.9. SOCIAL IMPACT SCORING

Social / personal DO drought D1 drought D2 drought D3 drought D4 drought 43 19|
No i:::‘:z;:bﬁ Probable Highly probable | Definitely yes
Score 5 15 40 80 100 1,00
=10% 11%-20% 21%-40% A1%-T5% >TE%

Higher Stress levels 1 401 0,05 2
Cancellation of family helidays 1 15| 0,04 1
Labour retrenchments 1 15| 0,20 3
?;:;L;gglc to pay children's school 1 40 0,08 2
Stress in family relations 1 15| 0,05 1
‘Withdraw from social events 1 15| 0,04 1
‘Withdraw from |eadershi
positions ° ! 15[ o.04) 1
Family separation 1 40| 0,20 8
Consider suicide 1 5| 0.23] 1
Migrate away from farm 1 Gl 0,10 O

2.5.9Economic indicators

The ultimate impact of drought is on the regidmances and economy at the national level.
In addition to farmers, banks, cooperatives, agricultural businesses and auctioneers can also
provide information on the economic impact of drought. Some of the most important economic

indicators for drought anhe following:

Reduce and stop capital expenditure

Increased sales of licks

Increased feed and fodder sales

Farmers use savings to buy animal feed and fodder
Sales of liquid assets

Consider debt consolidation

Getting behind with instalments

Sales of offfarm assets (holiday homes)

Farmers stop buying new vehicles

= =4 4 A4 A4 A4 -5 -2 - -2

Businesses in local towns are suffering financially
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The reporting template for the economic indicators is shown in PhlE0.

TABLE 2.5.10. ECONOMIC IMPACT SCORING

DO drought D1 drought D2 drought D3 drought D4 drought |
Maybe but
Economic No im:‘:obable Probable Highly probable | Definitely yes 62| 1,00 62
Stop capital expenditure 1 15| 0,05 1
Use savings to buy animal feed 1 80| 0,10| 8
Consider debt consolidation 1 Bﬂ| 0,10 8
Sales of ligquid assets 1 BI}I 0,20( 16|
Sales of fixed non-farm assets 1 40' 0,20 8
Busmgsscsatlocaltw.'n 1 40| 0,10 4
suffering
JlScmr\g behind with 1 20| 0,10 &
instalments
F top buyi
armcrs stop buying new 1 100| 005 s
wehicles
Seek alternative income 1 40' 0,10 4
of 0

2.5.10Chapterconclusion

The xcel model is useful to quantitatively classify a specific drought class. Extension officers
and disaster management staff will find it a useful tool for drought classification. However, it
is important to note that the values attached to the curredeinis arbitrary allocated after
discussions with experts. More research is required tetdime the model and we plan to

submit a more robust model as part of the drought reporting

2.6 Informationflow

This section provides a concept proposal on how the system should opgratte6.1 is an
illustration of the communication and reporting linkages between the different stakeholders.
The national drought monitor unit receives information for the primary indicators from the
SAWS, ARC, SASA and other sources. This information is then supplemented with
information from reference farms or local entities reporting on4axral social and economic
drought indicators. The information is then combined,-igdeenced and analysed by the
Drought Monitor Unit, which provides the drought class for each quaternary catchment.
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DMU as sub progral
within NDMC and PD
| PDMC | PDMC X 9

DMDMC MetroDMC DMDMC DMDMC MetroDMC <
I T | T 1
[ DJDCC ] [ DJDCC ] [ DJDCC ] [ Metro JDCC ] S R
T 1
Local Reference Reference
Municipality Farms entity WUO Ref Farms (——

__ Reporting and information fi
Information / data flow —

HGURR2.6.1PROPOSED INSTITUTIONAL STRUCTURE FOR A DROUGHT INFORMATION AND COMMUNICATION SYSTEM

Reference farmers will report through a wedsed application on smartphones or a computer.
Therefore, it is important to keep the reporting system simple and short. Farmers will not
participate if they have to provide large amounts of information or specific information such

as animal numbers or financial loss. A simple reporting templatessrdted in Tabl@.6.1.
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TABLE 2.6.1. PROPOSED REPORTING TEMPLATE

-
30% 15%

‘Rainfall x [ ]
- Templevapotransp B X [ ]
Veld condiion [ ] x .
Animal condition [ ] x ]
‘Dam & stream leve B X [ ] .
Groundwater level [ ] x ]
Planting conditions X ] .
Crop condition B X ] ]
Yield potential L] x N

Details of the drought information management system do not fall within this project's scope,

and further research is required to develop such a system for South Africa.

2.7 Conclusion

Developing a system of farmvel reporting from reference farms in all the quaternary
catchments is a good academic plan included as part of the latest Integrated National Drought
Risk and Response plan. Yet, the practicality is that not all farmerslimng vo participate in

such a system. Northern Cape Agri (NC Agri) initiated such a project many years ago, yet they
did not manage to obtain the support of a critical number of participating farmers. The success
of the NC Agri reporting system is basaa personal relations built over many years between
staff from the Department of Agriculture and farmers. According to information from senior
management in the Department, the staff managing the reference farm system will leave the
Department during 2028ith no staff succession planning in place.

Building trust and new relations might take many years to rebuild. The government must
support the NC Agri initiative, which should serve as a template for extending to other
provinces. During our discussions with the NC Dept of Agriculture, they inditagedupport

for continuation of the reference farm drought reporting system. However, they should prove
it through tangible support to NC Agri and farmers participating in the system.
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Through this project, we endeavour to develop andtfine the reporting system with practical
guidelines and the necessary programming, but implementation remains the responsibility of
the NC Dept of Agriculture, the NC Disaster Management Centre anerfsr However,
extension officers and disaster management staff will find the program useful for future

guantitative drought classification and limit the qualitative assessment of droughts.
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Chapter 3: Framework for &v-based
Reporting

3.1Introduction

Inculcating a culture of drought adaptation to drougisistant strategies requires acquiring
and sharing reliable, relevant and credible information. The information must-toedafe

and in a format ready for decisiomaking. Suchinformation is pertinent to implementing
drought risk reductiorstrategies.Therefore, information and communicati@me crucial
elements of risk reduction strategid$he Sendai Framework for Disaster Risk Reduction
(SFDRR), the Sustainable Development Goals (SDGs) and tieeARRpeement on Climate
Change (COP21highlighted the importance of early warning and risk assessments through
information and communication systeifi$NISDR 2015; UNFCC 2015; UNDP 2015)he

four priorities of action in the SFDRR, the SDGs' 17 global goals, and the 12 crucial areas to
combat climate change set by COP21 are -daten and require information and
communicatiorto achieve them. Disaster Managers arthas the government must lead in
managing data and information for national risk reduqgtinorities (Jones, Wynn, Hillier&
Comfort, 2017) As such, drought mitigation armevention in South Africzontributes to
fulfilling the 2030 global goals by exploring the benefits of information management and
communication systems (IMCS).

The main objective of thischapteris to provide aframework and content for drought
information management and communication that will support the capacity for drought early
warning and monitoring for the livestock sector in the Northern Capugdport of the main
objective, the frameworki) identify and propose the combination of current drought
information system@to an integrated system that can serve all stakeholders in the province,
(i) identify information products required for early warning antbrimed drought risk
management, (iiijdentify the drought informatiomnd data requirements for the drought

information productsand, (iv) recommend an integrated and interoperable system that allows
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for information collectioninformation and datsharingand analysi$or effective drought risk

reduction and response.
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3.2Drought hformationManagementaind Communication

3.2.1Introduction

The main objective of a DICMS is fwovide effective drought early warning and monitoring
through a comprehensive system that collects and integrates information on the key indicators
of drought to make usable, reliable, and timely drought forecasts and assessments of drought,

including asessments of the severity of drought conditions and impacts.

Implementing the Drought Information Management and Communication System should
inform the drought classification for each quaternary catchment, which in turn provides the
thresholds for activating contingency plans. In addition, this chapter discussaestahend
information required to support the drought monitor products (outputs).

Drought monitoring is driven by indicators with indicator thresholds that indicate the different
levels of drought. It is, therefore, imperative that drought classification and the different
indicators and indicator thresholds are considered the primargesoof information required

for drought monitoring. In addition, important for drought monitoring are historical data,

current drought situation and projections.

This chapter provides the generic outlay and principles for a drought information and

communication system.

3.2.2Characteristics of the Drought Information and Communication
Management System (DICMS)

The DICMS should communicate drought forecasts, drought conditions, and drought impacts
on an ongoing basispreferably in reatime - to decisioamakers in the government and the
private sector at all levels of governance and the public. Such a systelth shgender better
informed and timely decisions, leading to better preparedness and reduced impacts and costs
due to drought. The DICM should include gederenced, timely (where possible réate)

data, information, and products that reflect locadjional, and national differences in drought

conditions.
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The integrated DICMS should build on existing climate projections, forecasting, drought
assessment programs and collaboration models. The integrated drought information and

communication system must provide:

i. Spatially related redime drought, climate, weather and related information on
interactive maps
ii.  Spatially related regime drought, climate, weather and associated data in table format
iii.  Spatially related historical drought information and data
iv.  Datadriven visualisation of droughtlated impacts
v. Spatially associated data and information on drought indicators
vi.  Spatially associated data and information on drought vulnerability and resilience

indicators

In addition, the DICM should be able to integrate sespacific indicators required for sector
specific decisiormaking.

3.2.3Understandingnformation and Communication Management

The application technology allows rdahe drought monitoring and growtruth mechanisms

through a welbased reporting and processing systemtdadgate, geereferenced information

and drought analysis reports and projections should be available asaypea information to

all sectors of societyfCheung & Lee (2007) define aaktbased Information System (WI83

computer applications constructed using Internet Web technologies to deliver user information

and services. The primary purposesathmultimedia technology and software systeis to

publish and maintain data through the use of hypeltasedmethods Usi ng t oday®od
broadband connectispusers can stream content to a catap cellphone, television@tThe

most important indicator for a successful WISliser satisfactiod, an indicator the proposed

system should consider.

The National Disaster Management FramewoMNDIVIF) (2005) defines Information
Management and Communication SystdMGS) as é@a system t hat enabl e

analysis, storage, dissemination and exchange of information in support of integrated disaster

175



Chapter 3: Framework for Wdilmsed Reportm

r i sk ma ndgmatdyetinepurpose osuch asystem is to target primary interest groups
for them tomake informed decisiongurthermore, Geographical Informatiogsgems(GIS)

that display applications and multimedia communication capabilglesuld be an integral
system elemenfny systemcomprisepeople hardware, software progranadprocedures

to collect, process, transmit and disseminate daih information(Demiryurek, Erdem,
Ceyhan, Atasever, & Uysal, 2008ventually, the processing and programming of data and

information occur when peopilenderstand andnalysethe data anéhformation

The requirement to differentiate between Information Technology and Information Systems is
of crucial importanceMCS istechnologybasedand supported by numerous other processes.
The distinction is shown byrlorida Tech (2020) and Juneja (2019), who destratedthat
Information Systems are, in fact, an umbrella term for the systems, people and processes that
are designed to create, store, manipulate, distribute and disseminate information. Information
Systems entittg depend on Information Technologuch as computerspmputer programs

apps and other technological devices or progrdimstefore, these authors define Information
Technology as the hardware, software, databases and networks supporting business goals.

The structure of the typical drought information communication management system is
illustrated inFigure3.2.1 (Jordaan & Kunguma, 2020).
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Input data

FGUREB32.1 ELEMENTS OF A DROUGHT INFORMATION AND COMMUNICATION MANAGEMENT SYSTEM
(Source: Jordaan & Kunguma, 2020)

A typical Drought Information and Communication System consist of four major elements,
namely (i) data and information, (ii) communication, (iii) the system, and (iv) the management

of the system.

i.  Information consists of raw data and processed data that assist in monitoring, early
warning, predictions and projections
ii. ~ Communication is the means and process of communicating the results to all
stakeholders and public
iii.  The system is made up of inputs, processing, output and feedback and control
iv.  Management consists of planning, control, maintenance and administration of the

system as well as information
The drought DICMS consists of tifi@lowing major elements:

I.  Operational staff
ii.  Computer hardware, inclusive displays
iii.  Software

iv. Input data
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