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Executive Summary 

This report comprises two distinct parts. The first report, herein presented, details the research 

outcomes from the project. The second part, the project management report, addresses various 

administrative aspects, including 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 response strategies in the Northern Cape. 

The projectôs 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 

livestock sector. 

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 

national drought plan as follows: 

i. It provide guidance for the development of contingency plans. 

ii.  This research opens the way for the implementation of a drought reference farm system 

in South Africa for all the different agricultural sectors. 

iii.  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. 
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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 chapters, with each deliverable submitted during the project 

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

i. Chapter 1: Drought Indicators ï A Study of the Literature 

ii.  Chapter 2: Farm Level Drought Indicators 

iii.  Chapter 3: Framework for Web-based Reporting 

iv. Chapter 4: Web-based Drought Reporting Mechanism 

v. Chapter 5:  Drought Contingency Plans for the Extensive Livestock Sector 

vi. Chapter 6: Conclusion 

Chapter 1: Drought Indicators ï A Study of the L iterature  

Chapter 1 focuses on the study of literature regarding drought indicators used globally and in 

South Africa. The chapter emphasises the importance of  a drought strategy of shifting from 

merely responding to droughts to being better prepared and mitigating its effects, specifically 

in the context of extensive livestock farming in South Africa. The chapter highlights the 

adoption of a drought classification system by the National Joint Drought Coordinating 

Committee (NJDCC), classifying drought into five levels from D0 (dry period) to D4 

(extraordinary drought).  

Key topics in Chapter 1 include a historical overview of droughts, the proposed drought 

classification system, globally used drought indicators, and specific indicators relevant to the 

livestock sector. The chapter highlights the availability of over 60 remotely sensed drought 

indicators, many of which are utilised 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 warnings. The chapter concludes 

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 ground-truth system for the livestock sector to validate 

remotely sensed data. 

Chapter 2: Farm Level Drought Indicators 

This chapter discusses the complex impacts of drought and emphasises the importance of 

understanding these impacts through a comprehensive monitoring system, particularly at the 

farm level. Hereôs a concise summary of chapter 2: 

Drought has a devastating impact on all sectors, including society, economy, and environment. 

The direct effects are visibleðempty dams, dry rivers, low groundwater, crop losses, and poor 

animal conditions. However, indirect impacts like high food prices, health issues, migration, 

and psychological stress 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. 

Recognising the inadequacy of standard weather and remotely sensed data alone, the chapter 

highlights the importance of developing farm-level monitoring systems. Traditional drought 

indicators do not adequately capture the economic and social impacts of drought, which vary 

significantly based on context such as vegetation, soil type, livestock, and individual farmer 

resilience. 

The chapter highlights the development of a drought classification model for farm-level 

indicators, integrating weather data, vegetation and fodder conditions, animal health, soil 

moisture, water status, and the socio-economic impacts. This model aims to provide a practical 

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-based Drought Reporting 

Chapter 3 outlines the purpose and structure of a Drought Information Management and 

Communication System (DICMS), designed to enhance drought monitoring and early warning 

capabilities. The summary of chapter 3 is as follows:  
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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 

designed to deliver real-time data to various stakeholders, including government and private 

sector decision-makers, across all levels of governance, and the public, thereby facilitating 

informed decision-making and enhancing drought preparedness and response efforts. 

The DICMS should feature geo-referenced, timely data that accommodates local, regional, and 

national variations in drought conditions. Chapter 3 describes such a system, which is 

composed of three main components namely (i) the main sub-chapter, (ii) an accompanying 

Excel document, and (iii) a reporting prototype. The main sub-chapter is structured into several 

sections that detail various frameworks for monitoring, analysing, and communicating drought 

information, as well as a proposal for a web-based, interactive communication system. The 

sub-chapters 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-based Drought 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 a robust web-based platform. Hereôs a summary 

of chapter 4: 

The DICMS integrates key farm-level and primary drought indicators like temperature, 

rainfall, vegetation condition, soil moisture, and hydrological data. This integration is 

facilitated by advanced reporting and communication tools built into the system. A notable 

feature of the proposed DICMS is its farmer-centric data collection application, designed to be 

intuitive and user-friendly. Farmers can report drought indicators directly from the field using 

mobile devices, promoting real-time, cost-effective data collection. 

The system has evolved to include two separate but complementary web-based applications. 

One focuses on data collection from farmers, and the other on data visualisation to aid in 

modelling and analysis. This change was influenced by a strategic collaboration with the 

Agricultural Research Council (ARC), which hosts a pre-existing drought information website 
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developed under a previous WRC initiative. This collaboration allows the DICMS to utilise 

ARCôs 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 extensive but also geographically 

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 decision-makers with the information needed to 

address drought impacts effectively. 

Chapter 5: Drought Contingency Plans for L ivestock Farmers 

Chapter 5 reports on proactive livestock farming drought management practices in the Northern 

Cape (NC) Province. The main focus is on livestock farming, the dominant form of agriculture 

in the NC, which is significantly impacted by drought conditions.  

The study aimed to develop indicator-based contingency plans for different levels of drought 

intensity (D0-D4) for livestock farmers to enhance their preparedness and resilience. A 

qualitative research method involving semi-structured interviews was employed, 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, financial management, 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 protect grazing land, 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 indicator-based drought 

categories and expanding the development of drought contingency plans to encompass 



 

viii 

 

 

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 project is the establishment of a detailed indicator framework 

for drought monitoring, tailored specifically for reference farms in the extensive 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 computerised reporting and data capturing system 

that replaces outdated paper-driven methods, thereby streamlining and enhancing the 

efficiency of data collection and drought monitoring. This system is poised to be adopted 

nationwide, offering real-time 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 implement strategic 

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, which will further the reach 

and effectiveness of drought mitigation strategies. 

Overall, the projectôs outputs are instrumental in advancing the Integrated Drought Disaster 

Risk Reduction and Management Plan for South Africa, setting a benchmark for future 

initiatives aimed at bolstering drought resilience across the country. The collaborative 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 agricultural community and beyond. 
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Chapter 1: Literature Review 

Chapter 1: Literature Review 

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 people in South Africa (SA) 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 indicator thresholds is the first 

step in drought management with a focus on mitigation and 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: D0 to D4, where D0 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 project titled ñFrom drought response to drought 

preparedness and mitigation: Drought monitoring for extensive livestock farmingò. 

This report is a discussion of the following topics: 

¶ 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 

¶ 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 African National Space Agency (SANSA), we have the capacity in South Africa to 

monitor drought progression through remotely sensed indicators in near-real-time. The 

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

catchment 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.  

Drought-related 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: 

¶ Precipitation and temperature data in near-real-time monitored and distributed by the 

SAWS 

¶ Hydrological indicators such as dam levels and stream flow for major dams and rivers 

available in near-real-time from the NIWIS 

¶ Remotely sensed vegetation products such as NDVI, PASG, VCI communicated 

monthly through the UMLINDI report from the ARC  

¶ Groundwater levels in near-real-time from the NIWIS 

¶ 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 drought-related data and indices for 

improved drought early warnings. The US Drought Monitor and the Australian Drought Map 

are best-case 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 products for drought monitoring. Secondly, 

this research should develop a ground-truth 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 drought. Drought 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 of dollars 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 socio-economic impacts 

resulting in migration and conflict (WMO & 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 manage droughts is equally crucial as vulnerability to drought (Vogt et al., 

2018; Jordaan et al., 2020). Widespread, severe and multi-year droughts globally stimulate the 

need for improved drought monitoring and drought preparedness on a global and national scale. 

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 warmer climate 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. That was followed 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 language as "Madhlatule" (let 

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

These droughts resulted in a famine of such magnitude that it led to a severe breakdown of 
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social, political and economic institutions among Nguni pastoralists. Extraordinary drought 

during 1816 ï 1817 also caused the "Mahlatuleò famine and the ñMfekaneò, which was the 

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 reported a "continual decline in rainfall 

and progressive desiccation of lakes, rivers and springs from about 1800 to 1830, and 

numerous droughts in the 1820ôs and 1830ôsò (Ballard, 1996; Garstang, Coleman & Therrell, 

2014; HOSA, 2020). Reports from the Cape Colony, Botswana and Natal suggest regions that 

"suffered from severe and frequent droughts". For example, late eighteenth-century 

descriptions of the Beer Vlei near Willowmore portrayed it as an area of bushy grasses, 

swamps, springs and periodical rivers. In contrast, in the 1820s, Beer Vlei was described as 

ñcompletely dry, barren and desolateò (Ballard, 1986). 

The winter rainfall region of the Cape Colony also experienced extreme drought during the 

early nineteenth century. In 1801, a British official wrote; òInhabitants of the Cape have for 

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 nineteenth 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, 1983 ï 1985, 1991- 1992, 1995. Recent droughts recorded are 

the 2001- 2003 and 2015 ï 2018 droughts (Kelso & Vogel, 2017; Nash, Klein, Endfield, 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. The "Senate Select Committeeò report 

titled ñDroughts, Rainfall and Soil Erosion", released 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 1916ò provided for drought 

support to farmers. The Noordwester of 10 June 1923 reported as follows: ñDe heer Crous was 

chairperson of the Droogte Onderzoek Kommissieò The ñDrought Investigation Commission" 
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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 at very low-interest rates 

¶ Support to Land Bank to support agricultural cooperatives 

¶ 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, oxen, ploughs 

and other equipment. The "Drought Investigation Commissionò also realised and documented 

the need for change in natural resources- and livestock- management practices (Noordwester, 

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

to commercial farmers in response to drought and drought-related issues. These acts 

dramatically impacted the rural landscape's development, and the government emphasised soil 

conservation and protection of the natural resource base (Smith, 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 as the "Commission on National Provision 

Against Drought" in 1941, which researched the spatial extent of drought relief measures. The 

"Phase Drought Relief Scheme" was initiated in 1946, and the "Report on the Fodder Bank 

Committee" was released in 1949 (Smith, 1993; Van Zyl, 2010).  

The government supported and subsidised drought-evading strategies during the 1930s and 

1940s (van Zyl, 2010). The movement of animals during 1933 from the drought-stricken 

Northern Cape province to the Free State province and the central and eastern Karoo is an 

excellent example of a drought-evading strategy. The Noordwester of 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 transport for all animals.  
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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 farming and recover 

from drought. As a result of land degradation caused by over-grazing, the government 

implemented the livestock reduction scheme from 1969 to 1978, probably the most successful 

drought prevention and mitigation scheme ever implemented in South Africa. The government 

subsidised farmers to reduce their stock numbers by one-third 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, 2010; Jordaan, 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, 2010). Extension 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 region-specific, reflecting differences in 

climatic characteristics with different socio-economic and physical variables. However, some 

of the most common definitions are the following: 

¶ The UNDP (2008) defines drought as ñthe naturally occurring phenomenon that exists 

when precipitation has been significantly below normal recorded levels, causing 

serious hydrological imbalances that adversely affect land resource production 

systemsò.  

¶ Knutson et al. (1998) define drought as ña deficiency of precipitation from expected or 

ñnormalò that, when extended over a season or longer period of time, is insufficient to 

meet demands. This may result in economic, social, and environmental impacts. It 

should be considered a normal, recurrent feature of climate. Drought is a relative, 

rather than absolute, condition that should be defined for each region. Each drought 

differs in intensity, duration, and spatial extentò.  

¶ The Director of the Commonwealth Bureau of Meteorology in 1965 suggested a broad 

definition for drought as ñsevere water shortageò.  
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¶ Palmer (1965) states: "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 

supplyò.  

¶ Chopra (2006) defines drought as "a 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 perish." 

¶ McMohan and Diaz Arena (1982) define drought as ña period of abnormally dry 

weather sufficiently for the lack of precipitation to cause serious hydrological 

imbalance and carries connotations of a moisture deficiency with a mass usage to 

waterò. 

All the above definitions only consider meteorological influences and have little reference to 

drought and dry periodsô socio-economic 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) hydrological drought and (iv) socio-economic drought.  

¶ 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 drought, 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 

sophisticated index used worldwide to measure meteorological droughts. 

¶ 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. Agricultural 

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.  
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¶ Hydrological drought is 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, hydro-electrical 

power generation, and tourism. 

¶ Anthropogenic drought is an ñartificial " 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. Population 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. Organisations such as 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. Over-grazing and poor natural resource management on the farm level 

are also, in many cases, the cause of anthropogenic or artificial droughts.  

¶ Socio-economic drought differs markedly from the other types of drought. First, it 

concerns the relationship between the supply and demand for some commodities or 

economic goods dependent on precipitation. It represents the impact of drought on 

human activities, including indirect 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 decision-

making, thereby affecting production and the wider economy.  

 



 

9 

 

Chapter 1: Literature Review 

The different drought categories are illustrated in Figure 1.3.1. 

FIGURE 1.3.1: DROUGHT CATEGORIES  
(Adapted from Wilhite and Glantz 1985; Wilhite, 2000; Castillo, 2009;and Jordaan, 2020) 

Van Zyl (2006) also provides some alternative and practical definitions for drought types 

usually experienced and commonly used by farmers in South 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 declared disaster droughts.  

¶ 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 management practices 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 drought-stricken 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 semi-dry 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 drought 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 drought-stricken even though a 

drought does not prevail. The declaration of such a region as a disaster drought area has 

a negative effect on 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 semi-arid climatic conditions, and one must distinguish between drought and aridity. 

Understanding the difference between these two concepts is essential for developing drought 
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risk reduction plans, which are based on assessing drought risks (WMO, 2006). Water users 

should be conscious that weather fluctuates from wet to dry periods and, therefore, must adapt 

their practices to fit within the two extremes and cope with them.  

Figure 1.3.2 illustrates the interaction between long-term production potential and climate 

profile. Within a specific climate profile, some years might receive above-normal rainfall with 

potentially above-average runoff and production. On the other hand, below-normal 

precipitation in other years might result in below-average production outputs and low runoff 

with low dam levels, stream flow and groundwater levels (IPCC, 2001; Jordaan et al., 2020). 

The ideal production and planning situation, though, is located between the two extremes since 

farmers can prepare with timely operational decisions and follow production systems and 

management practices that can cope with the extremes (see Figure 1.3.2). 

 
FIGURE 1.3.2: RELATION BETWEEN THE CLIMATE PROFILE, PRODUCTION LEVELS AND MANAGEMENT DECISIONS. 
(Source: IPCC, 2001 adapted by Jordaan et al, 2020) 

Issues to be updated and monitored during the ñnormalò climate period are drought early 

warning and the progression of drought. Monitoring dry conditions and drought allow farmers 

to make timely tactical decisions instead of reverting to crisis management during extreme 

climatic situations (See illustration in Figure 1.3.2). Framers should include drought planning 
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as part of the standard management process. Drought 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, and the government and farmers should manage it according 

to a standardised classification system. Drought monitoring and drought classification are 

possible through several well-developed indicators currently monitored by the SAWS, ARC, 

DWSWS and other organisations. The objective 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 and increase 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 classification. Drought 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. Additional information on the impact 

(vulnerability) of different sections (economic, social, environment) is required to understand 

the different drought classes (Wilhite et al., 1997; Du Pisani, Fouche & Venter, 1998; Wilhite, 

2000; Wisner et 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. Five out of the 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 disaster can 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 non-declaration of a national drought disaster are not 

convincing. They do not consider the impact of the drought on the South African economy.  
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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 commercial and communal 

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 all-inclusive, meaning that one should be 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 dry periods as disaster droughts 

because of land degradation and over-grazing, 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 the case of 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 occurrence 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 for different systems. A ñone-fit-

all" indicator and threshold selection are not possible. 

1.4.1 Drought Classification 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 by the Department 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. The United States Drought Monitor is 

probably the worldôs most developed drought monitor system. They stated: "This is what makes 
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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 Palmer Drought Severity 

Index, the Standardised Precipitation Index, and other climatological inputs; the Keech-Byram 

Drought Index for fire, satellite-based assessments of vegetation health, and various indicators 

of soil moisture from data assimilation systems and other models; and hydrologic data, 

particularly in the West, such as the Surface Water Supply Index and snowpack" (USNDMC, 

2016). 

According to the DARDLR 2017 drought classification, drought is classified into five classes 

from a D0 to a D4 drought, as follows (Jordaan et al., 2017):  

¶ D0 Dry period  

¶ D1 Moderate drought 

¶ D2 Severe drought 

¶ D3 Extreme drought 

¶ D4 Exceptional drought 

 The different drought categories and duration of different types of drought are illustrated in 

Figure 1.4.1. 

 
FIGURE 1.4.1: ILLUSTRATION OF DROUGHT CLASSIFICATIONS 
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Drought is a slow onset disaster with long-term consequences. The first rain during a D3 and 

D4 drought might end the meteorological drought but not the agricultural drought and 

especially not the socio-economic drought. The end of the hydrological drought also occurs 

only during the reservoirs' fill-up 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 drought's socio-economic 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 follow-up treatment. 

Livestock farmers reported that 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 is required for phases D3 

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

the long-term sustainability of the agricultural sector.  
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The description of the drought classification with potential agricultural impacts is summarised 

in Table 1.4.1. 

TABLE 1.4.1. DESCRIPTION AND IMPACT OF DROUGHT CLASSES 

Category Description Potential impacts 

D0 

Dry 

1:3 year 

Going into drought ï Dry period: 

¶ Short term dryness  

¶ Limiting planting conditions 

¶ Limiting growth of crops or pastures 

¶ Smaller farm dam levels lower than usual 

¶ Some fountains stop flowing 
Coming out of drought ï back to normal rainfall: 

¶ Some lingering water deficits 

¶ Pastures and crops not fully recovered 

¶ ñGreen droughtò with young vegetation growth on pastures 

D1 

Moderate drought 

1:5 year 

¶ Streams, reservoirs or wells lower than normal 

¶ Some water shortages developing or imminent 

¶ Voluntary water restrictions requested  

¶ Some damage to crops 

¶ Soil moisture deficit for planting crops 

¶ Grazing conditions start deteriorating 

¶ Animals start showing feeding stress 

D2 

Severe drought 

1:10 

¶ Water shortages is common 

¶ Water restrictions imposed 

¶ Crop and pasture losses likely 

¶ Grazing conditions deteriorated 

¶ Animals show serious feeding stress 

¶ Groundwater levels going down at selected places 

¶ Disaster drought declaration imminent and required for certain sections of society 

D3 

Extreme drought 

1: 15 year 

¶ 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 towns under financial 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 

D4 

Exceptional drought 

1:30 year  

¶ Shortages of water in reservoirs, streams and wells creating water emergencies 

¶ Boreholes dried up with extremely low groundwater levels 

¶ Rivers dried up  

¶ Exceptional and widespread crop and pasture losses 

¶ Major sales of productive assets 

¶ Forced liquidation of farming enterprises and business in small towns 

¶ Potential food insecurity 

¶ Widespread economic impact - Impact on national economy 

¶ Extreme measures required with extreme response and recovery actions 

¶ Very high fire alerts 

  

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

 

 

    Meteorological Remote sensing  Hydrological 

Cat Descripti
on 

Potential impacts Freq. % Of 
normal 

preciptn. 

SPI NDVI PASG 1-month 
VCI 

St Veg 
health 
Index 

CPC 
Soil 

Moist
ure % 

Dam levels 
zone 

 
Z score 

Str. Flow 
 

Z score 

Ground 
water 

level % 
Z score 

D0 Dry 

Dry period: Short term dryness slowing plant 
Growth of crops and pastures; fire risk above 
average: some lingering water deficiencies: 
pastures and crops not fully recovered 

1/3yr 
<75%for 
30days 

-0,5 
to  -
0,7 

 

3month 
PASG 
<90% 

 

< 90% 36-45 21-30 
In the 

moderately 
low zone 

21-30 60- 100 

D1 
Moderate 
drought 

Some damage to crops & pastures: fire risk is 
high: Levels of streams, reservoirs or wells are 
low: Some water shortages are imminent and 
developing: voluntary water restrictions 
requested: early warning 

1/5yr 
<70%for 
30days 

-0,8 
to  -
1,2 

 

6-month 
PASG 
<90% 

 

<80% 26-35 11-20 

In the low 
zone 

Z= -0,8 to  -
1,2 

11-20 
Z= -0,8 
to  -1,2 

40- 60 
Z= -0,8 to  

-1,2 

D2 
Severe 
drought 

Crop and pasture losses likely: Fire risk very 
high: Water shortages common: Water 
restrictions imposed: drought warning messages: 
Institutions to prepare for response mechanisms. 

1/10yr 
<65%for 
180days 

-1,3 
to  -
1,5 

 
12-month 

PASG 
<90% 

<70% 16-25 6-10 

In the very 
low zone 

Z= -1,3 to  -
1,5 

6-10 
 

Z= -1,3 
to  -1,5 

30- 40 
 

Z= -1,3 to  
-1,5 

D3 
Extreme 
drought 

Major crop and pasture losses: Extreme fire 
danger: Widespread water shortages and 
restrictions compulsory: Extended duration with 
critical impact: Warning messages must be 
adhered to: disaster drought declaration: 
Institutions to implement active response actions. 

1/20yr 
<60%for 
180days 

-1,6 
to  -
1,9 

 

12/24-
month 
PASG 

<80/90% 
 

<60% 6-15 3-5 

Water 
below the 
absolute 
minimum 

Z= -1,6 to -
2 

3-5 
 

Z= -1,6 
to -2 

15- 30 
 

Z = -1,6 
to -2 

D4 
Exception

al 
drought 

Exceptional and widespread crop & pasture 
losses: Exceptional high fire risk: shortages of 
water in reservoirs, streams and wells creating 
water emergencies. Water restrictions 
compulsory: Warning messages must be adhered 
to: Active response mechanisms: Impacts critical 
to larger economy 

1/50yr 
<65%for 
360days 

-2 or 
less 

 

12/24-
month 
PASG 
<80% 

<60% 1-5 0-2 
 

Dams dry 
Z<-2 

0-2 
Z<-2 

0- 15 
Z<-2 
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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 sectors. Figure 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 activated during different drought classifications. Contingencies in 

a specific catchment will depend on the drought classification in the affected catchment. Also 

necessary are the contingencies after the end of the meteorological drought. Socio-economic 

and agricultural droughts might continue for years after the end of the meteorological drought. 

For example, grazelands often take years to recover to their former status after a multi-year 

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 recover after 

droughts.  

 
FIGURE 1.4.2: 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 lacking. Table 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 in "silos" through the different line departments and organisations. 

Much of the information is also not user-friendly and lacks the integration for proper decision-

making.  

TABLE 1.4.3. DROUGHT INFORMATION AVAILABLE TO THE PUBLIC 

Sector Drought Information and Communication Systems 

Agriculture, Rural 
Development & Land 
Reform 

The Department of Agriculture, Rural Development and Land Reform, AgriSA, AFASA 
and all provincial agriculture departments briefed the Portfolio Committee on their readiness 
for the 2019/20 planting season. It was stated in the meeting that the Department provides the 
farmers with timeous early warning information, which includes prediction of the seasonal 
forecast, provision of daily extreme weather warnings, market information, as well as any 
helpful information and advisory services that will enable the farmers to cope well and thrive in 
all seasons (PMG, 2019). However, a web survey failed to identify the Early Warning System 
referred to during this meeting. 
 
Agricultural Research Council (ARC): Information seekers can log onto their website and 
obtain information such as agricultural economics and capacity development, animal sciences, 
crop sciences and research and innovation systems. For personalised information, users can 
register and obtain specific and relevant information. The ARC also has an ARC HUB App with 
information on the live weather report, crops, livestock production, training, experts in different 
fields etc. It is a great platform to support farmers and has a very good rating and reviews from 
users. In addition, the monthly UMLINDI report is a valuable source for drought monitoring and 
is basically the only source readily available on the web. 
 

Human Settlements, 
Water & Sanitation 

National Integrated Water Information System (NIWIS) 
In 2015, the Department developed a National Integrated Water Information System (NIWIS). 
The web-based system consists of a set of dashboards to enable managers to make a quick 
assessment of the water situation in South Africa. The NIWIS dashboards represent the data 
in an interactive manner that is user-friendly and easy to navigate and understand. The NIWIS 
is described as a living system that is designed to give an overview at the National level, 
Provincial or Water Management Area level, and, where possible, at the 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: 

- Home ï Home or Landing page 
- Climate and Weather ï e.g. climate change 
- Disaster Management ï drought status 
- DWS Human Resources ï Human capital  
- Infrastructure ï Dam safety regulation 
- Monitoring Networks ï For example, surface water 
- -Water Ecosystems ï Groundwater reserve 
- -Water Quality ï drinking water quality 
- -Water Quantity ï surface water storage 
- -Water Services ï access to water 
- -Water Tariffs ï raw water 
- -Other ï contact us, help function,  

Useful links (Electronic Water Use Application and Authorization System (E-WULAAS), 
Hydrological Services - Surface Water (Data, Dams, Floods and Flows), National Groundwater 
Archive (NGA), National Register of Water Use (WARMS), Water Management System 
(WMS), Water Services Knowledge System (WSKS), External Links Council for Scientific and 
Industrial Research (CSIR), National Eutrophication Monitoring Programs (EONEMP), Water 
Information Network System (IHP-WINS), RAMOTSWA Information Management System, 
SADC HYCOS, Water Resources of South Africa, 2012 Study (WR2012), Water Research 
Commission (WRC)) (Department of Water and Sanitation 2015). 
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The DHSWS NIWS system is probably the most valuable system for water management in SA 
but still lacks much information for drought monitoring. 
Inkomati-Usuthu Catchment Management Agency 
The agency helps improve decentralised water resource management decision-making with 
stakeholders. It manages, protects, uses, conserves and develops the nation's water 
resources. On their web page is a live infographic dam level monitor of 14 dams. In addition, 
there is a hydronet water control room and water quality and eco-status reports for water 
quality status. Furthermore, they actively disseminate information to the media through 
newsletters, brochures and media releases. 
Breede-Gouritz Catchment Management Agency 
Provides information for emerging farmers through a package comprising information about 
institutions in charge of water allocation, access land and grants. They also do roadshows for 
information dissemination, but a permanent repository is accessible through mobile phones, 
websites and tablet web. The web page shares catchment management strategies, community 
projects, dam levels, monitoring points,   
 

Department of 
Forestry, Fisheries 
and Environment 

The Department has websites with information relevant to the drought through the Branch on 
Forestry and Natural Resources Management with a Climate Change and Disaster 
Management Unit. Information in 2016 documents on drought indabas (Department 
Agriculture Forestry and Fisheries, 2020). The information available says little about drought. 
However, the South African Air Quality Information System (SAAQIS) provides information on 
air quality.  

South African 
Weather Services 

Customised products and services supplied by the SAWS are available to the public. They 
are:  
-WeatherSmart access ï users can access the weather by dialing *120*7297# then selecting 
their area or date immediately. Weather information is available at a click. 
-Hydronet ï web-based decision support system which provides reliable weather forecasts 
(including the 6-month seasonal forecast in a Grid format), real-time and historical weather 
data. 
-WeatherSmart Application - provides the user with location-based forecasts and other handy 
weather information for your immediate surroundings. In addition, it includes the following 
features and options: 

- Location-based forecasts 
- Severe weather warnings 
- Weather conditions and forecast for your current location 
- Search for and add other locations 
- A seven-day forecast for all your selected locations 
- Minimum & maximum temperature(s) 
- Wind direction(s) 
- Weather notices, warnings and alerts 

-Industry-Specific Weather Information ï user requests weather and climate information for 
their particular industry. 
-Weather API ï offered through SAWS AfriGIS partner. Users create their applications from 
various datasets provided. 
-SAWS is very active in its information dissemination through media releases and newsletters 
 

Health Sector 

The health sector's nearest effort to drought support is shown in an article by Wright, Chersich, 
& Mathee (2019) concerning the National Health Insurance (NHI) and climate change. This 
article impels South Africans to avoid health risks associated with climate change to benefit 
fully from the NHI. To help support this, they propose a Health Information System, which 
includes these components: 

- Paper-based data system to be replaced with a quality electronic data system for 
monitoring and analysis. 

- Data for engaging in research and modelling. Early-warning 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. Amongst the most 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 catchment is classified for meteorological 

drought, hydrological drought and agricultural drought.  

1.5 Drought Indicators 

The term 'indicator' has its roots in the Latin words "indicare" (to point out, to show, to 

indicate) and "index", literally meaning "anything used for pointing" and "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 Italian dito indice, the Spanish dedo indice, and 

the Portuguese dedo indicador. In the same way as a pointing finger, an indicator provides 

information and guidance. Indicators can provide warning signals and thus improve our ability 

to take early action, contain risks or solve existing problems. In addition, indicators assist us in 

making evidence-based decisions by allowing us to assess the success of a given policy in 

achieving its desired 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, single-variable indicators to more complex 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 

phenomenon ï drought in this case. Indicators are, in many cases, a quantitative expression of 

qualitative 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, indicators should 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. Therefore, words such as 'increase", "decrease", or "improved" do 

not belong to the concept of indicators.  

Hammond et al. (1995) define indicators as "quantifiable 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 apparent". Existing 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. The literature provides many 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 of people and communities 

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 conditions 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 application of indicators that measure vulnerability to 

natural hazards has gained momentum since the 1990s due to decision-makers requesting more 

quantifiable vulnerability data (Dwyer et 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 exclusive categories. 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 to approximate 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 Table 1.5.1. 

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 system. 

OECD/DAC, 2002 
A quantitative or qualitative factor or variable that provides a simple and reliable means to measure 
achievement, reflect changes connected to an intervention, or help assess the performance of a 
development actor 

Dwyer et al., 2004 Indicators only indicate broad and complex social concepts 

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

European Commission A description of the projectôs objectives in terms of quantity, quality, target groups, time and place 

Birkmann et al., 2006  

An index number is a measure of quantity relative to a base period. Indices are a statistical concept, 
providing an indirect way of measuring a given quantity or state, allowing comparison over time. An 
index's main point, however, is to quantify something that cannot be measured directly and to 
measure changes. 

Cutter et al., 2008 
Indicators are quantitative measures intended to represent a characteristic or a parameter of a 
system of interest. 

International Institute for 
Sustainable Development, 
2011 

An indicator quantifies and simplifies phenomena and helps us understand complex realities. 
Indicators are raw and processed data aggregates, but they can be further aggregated to form 
complex indices. 

MDF, 2011 

An indicator can be defined as something that helps us understand where we are, where we are 
going and how far we are from the goal. Therefore, it can be a sign, number, graphic, etc. It must be 
a clue, a symptom, a pointer to something changing. Indicators are presentations of measurement. 
They are bits of information that summarise the characteristics of systems or highlight what is 
happening in a system. 

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

Businessdictionary, 2011 

An indicator is a measurable variable used to represent an associated (but non-measured or non-
measurable) factor or quantity. For example, the consumer price index (CPI) serves as an aggregate 
indicator of the general cost of living, which consists of many factors, some of which are not included 
in computing CPI. Indicators are common statistical devices employed in economics. 

(Source: Jordaan, 2011) 

Adriaanse (1994) explains the different terms at the hand of an indicator pyramid illustrated in 

Figure 1.5.1. 
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FIGURE 1.5.1: INDICATOR PYRAMID  
(Source: Adriaanse, 1994) 

In order to explain the ranking 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 low-income levels are called a composite or aggregated indicator for poverty, which then 

can be transformed into an index for social vulnerability. 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 economic vulnerability. 

Characteristics of good indicators are (Gage & Dunn, 2009; Eurostat, 2014): 

¶ Measurable: should be quantifiable using available methods and tools. In some 

cases, an index is used to quantify qualitative observations.  

¶ Precise: operationally defined in clear terms 

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

¶ 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 

¶ Timely:  provides a measurement at time intervals relevant and appropriate in terms of 

characteristics, impacts, programme goals and activities 

¶ Programmatically important:  linked to the programs or phenomenon or to 

achieving the objectives. 

Index                
single number

Composite indicator 
aggregated indicators, multi 

dimensional concept

Indicator 
representation of a construct/issue qualitative or 

quantitative measure

Variable

raw data
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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 

Descriptive or 
contextual, or 
situational 

The indicator describes a situation or trend and further 
explains a phenomenon. It reflects the situation as it is, 
without reference to how the situation should be 

Drought indicators such as SPI, NDVI, 
and stream flow. Describe the current 
state and impact of drought 

Performance or 
normative 

The indicator allows statements to be made describing the 
situation as better or worse. It shows progress, or the lack 
of it, towards established objectives and targets or the 
desired end-state 

Lower than average crop yields, 
deteriorating veld condition  

 
 
TABLE 1.5.3. ECONOMIC CYCLE FRAMEWORK INDICATORS 

Indicator Description Example 

Leading 
indicator 

The indicator changes before a change are seen in 
general economic conditions and can be used to predict 
turning points in the business cycle. 

The number of forced sales of 
animals also creates an expectation 
of meat scarcity and increased food 
prices. 

Coincident 
indicator 

The indicator changes (more or less) simultaneously with 
general economic conditions and therefore reflects the 
economy's current status. 

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

Lagging 
indicator 

The indicator changes after macroeconomic conditions 
have changed. Lagging indicators confirm economic 
trends that have already been predicted by leading 
indicators or shown by coincident indicators. 

The number of job losses because of 
drought. Increased number of people 
experiencing food shortages 

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

Indicator Description Example 

Leading 
indicator 

The indicator describes the social, demographic or 
economic developments in societies and the 
corresponding changes in lifestyles and overall levels of 
consumption and production patterns. 

The number of forced sales of 
animals also creates an expectation 
of meat scarcity and increased food 
prices 

Coincident 
indicator 

The indicator describes developments in the release of 
substances, physical and biological agents, the use of 
resources and the use of land. 

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

Lagging 
indicator 

The indicator describes the quantity and quality of 
physical, biological and chemical variables in a particular 
area 

The number of job losses because of 
drought. Increased number of people 
experiencing food shortages 

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 indicators), (iii) available data, (iv) 

warning signals and (v) farm-level information required for ground-truthing of remotely sensed 

indicators. Drought indicators are classified as primary and secondary drought indicators. The 

primary indicators are those easy to monitor quantitatively through meteorological data, 

remotely sensed data and gauging stations. On the other hand, secondary indicators represent 
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meteorological data and drought impacts reported from reference farms and other organisations 

(Jordaan et al., 2017). Quantitative indicators should be monitored in real-time, 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 before drought 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 three-month 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 and growing season of different crops and 

grazing on livestock farms with the classification of drought; therefore, the use of secondary 

indicators to ground-truth 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, Jordaan et al., 

2017). Communal farmers and the smallholder farming sector are extremely vulnerable to 

drought because of (i) over-grazing, (ii) land degradation, (iii) poor infrastructure and water 

reticulation on their land, (iv) no grazing management systems, (v) poor quality animals, (vi) 

lack of reserves, (vii) imperfect markets, (viii) lack 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 D0 and a D1 drought could be disastrous for them while, on 

the other hand, most commercial farmers can manage a D2 drought. Figure 1.5.2 illustrates the 

dilemma at the hand of drought loss functions.  

 
FIGURE 1.5.2: DROUGHT LOSS FUNCTIONS FOR DIFFERENT AGRICULTURAL FARMER CATEGORIES  

Figure 1.5.2 illustrates typical drought loss functions for smallholder or communal livestock 

farmers, medium-scale farmers and large commercial farmers. SPI values are illustrated on the 

x-axis, and production loss is a percentage of their wealth normal production on the y-axis. 

Smallholder communal farmers already lose more than 50% of normal production at a 12-

month SPI value of -1.2 and require safety net activation long before the larger and more 

resilient farmers. More than 2 million people are classified as 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 in South 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 SPI -1,2. Drought declaration and activation for 
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commercial farmers is at drought D3 with SPI <-1,5. For livestock farmers, one should use the 

12- and 24-month SPI, while the 6-month SPI during the growing season is more relevant for 

crop farmers. Obviously, one should also consider other indicators in conjunction 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 influence the resiliency and coping 

strategies of communities (Watts, 1983; Richards, 1986; Corbett, 1988; Hutschinson, 1992; 

Rocheleau et al., 1995; FEWS, 1999; de Waal, 2004; Smucker & Wisner, 2007; Erikson & 

Silva, 2009, Jordaan, 2011, Jordaan et al., 2017). The level of own resources a household can 

draw for survival is also critical (Little et al., 2006; De la Fuente, 2007; Dercon & Porter, 2007; 

de la Fuente, 2008; Jordaan, 2011). 

 

 

 

 

 

 

 
 

 
 

 
 

 
FIGURE 1.5.3: DROUGHT RESPONSE 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 in Figure 4.3 that households with different resource levels 

reach different thresholds at different times.  
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Illustrated in Figure 1.5.3 is 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; Jordaan et 

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 (2010) confirms previous findings from other 

researchers in Ethiopia, where the outcome of shocks varies dramatically among households 

with little resource base (poor households) compared to "richer" 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 wide-ranging impacts on different systems and in 

different climates and geographic regions. Comparing drought between climate zones and 

different systems is very difficult (Hisdal et 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 Department of Agriculture in the Northern 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 meteorological drought 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 (SPEI), (viii) Percentage of Normal Rainfall, (ix) 

Deciles, and other meteorological indicators. 

Remotely sensed indicators that measure the impact of meteorological dryness are (i) NDVI, 

(ii) PASG, (iii) VCI, (iv) SVHI, (v) CPC Soil Moisture Index, and other indices. These 

indicators represent agricultural drought. Hydrological drought indicators that require constant 
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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 demand/supply 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) (ii) mean monthly rainfall deficit, (iii) per 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), (vii) relative 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 & Mather, 1967) (xiii) Standard Precipitation Index (SPI) 

(McKee et al., 1993) (xiv) Standard Precipitation Evapotranspiration Index (SPEI) (Vicente-

Serrano et al., 2010) (xv) ZA schrubland model (Venter, 1992), (xvi) Zucchini-Adamson 

models (Zucchini, Adamson & McNeill, 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, 2009). The 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 Karoo. However, 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 unique conditions into account. 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 the SPI (Vicente-Serrano, 

Begueria & Lopez, 2010; Beguria et 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 is not the case with SPI and SPEI.  

The Department of Agriculture Fisheries and Forestry (DAFF) ï currently, Department 

Forestry, Fisheries and Environment (DFFE) -  with the approval of the National Drought Task 

Team, finalised drought hazard indicators to be used in the future (Jordaan et al., 2015). Tables 

1.5.5 to 1.5.10 provide 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, hydrological and 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 
CC Crop coefficient RD Reservoir 
CD Crop data S Snowpack 
ER Eco region Sat Satellite 
ET Evapotranspiration SF Stream flow 
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 
PET 

Precipitation 
Potential Wind Data 

W 
Y 

Wind data 
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 

parameters 
Additional Information 

 Aridity Anomaly Index 
P, T, PET, 

ET 
Easy to calculate 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  

 Drought Reconnaissance Index (DRI) P, T 
Requires monthly P and T data. Valuable to identify the onset and end of 

water deficit periods 

 Drought Severity Index (DSI)   

 Effective Drought Index (EDI) P 
Requires daily effective precipitation (EP), daily mean EP, deviation of 

EP (DEP) and the standardized value of DEP. 

 Effective Precipitation (EP)   

 Evapotranspiration Deficit Index (ETDI) P, T, Complex calculations with multiple inputs required 

 Keetch-Byran Drought Index (KBDI) P, T 

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 

evapotranspiration and precipitation in producing a moisture deficiency 

in the upper layers of the soil and also gives an indication of how much 

precipitation is needed for saturation of the soil and eliminating drought 

stress. 
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 NOAA Drought Index (NDI) P 

Best used for application in agriculture. A precipitation-based index in 

which the actual precipitation measured is compared with normal values 

during the growing season. 

 Palmer Drought Severity Index (PDSI) P, T, AWC Complex calculations and requires serially complete data 

 Percentage of Normal Precipitation (PN) P 

Easy to calculate. Used in South Africa together with SPI. Percent of 

normal is calculated by dividing a given precipitation by the normal. The 

time scale of the analysis can vary from a single month to a year 

 Palfai Aridity Index (PAI) P, ET 
Ratio of the mean annual P and the mean annual ET. Higher values 

represent more humid areas. 

 Rainfall Anomaly Index (RAI) P Requires serially complete data 

    

 Reconnaissance Drought Index (RecDI) P, PET Combine P and PET in a single index. Similar to the SPEI 

 Standardised Anomaly Index (SAI) P 
Requires P data at monthly, seasonal or annual time steps. Easy to 

calculate 

 Standardised Precipitation Index (SPI) P Globally widely used. Most common indicator in SA.   

 
Standardised Precipitation Evaporation Index 

(SPEI) 
P, ET More accurate than SPI. Combine P and ET in same calculation 

 Soil Moisture Anomaly Index (SMI) P, T  

 
Weighted Anomaly Standardised 

Precipitation (WASP) 
P, T 

Uses gridded data for monitoring drought in tropical regions. Might be 

applicable for use in high rainfall areas 

 Z-Score P 

Simple to calculate but shorter time scale with large difference in mean 

and median might not be accurate. Also valuable for hydrological 

drought 
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TABLE 1.5.6. HYDROLOGICAL INDICATORS 

 Index 
Input 

parameters 
Additional Information 

 Base Flow Index (BFI) SF, G. 
Ratio of long-term baseflow to total streamflow and it represents the 

continuous contribution of groundwater to river flow. 

 Cumulative Streamflow Anomaly (CSA) 

Surface water 

demand and 

freshwater 

biota 

The deficit anomaly indices provide more differentiated, spatial and 

temporal patterns that help to distinguish the degree of the actual 

drought hazard to vegetation health or the water supply. 

 Dam Levels (DL) 
Dam levels, 

daily/weekly 
Dam levels 

 Groundwater Levels (GL) 
Groundwater 

levels, monthly 
Actual groundwater level as a % from maximum 

 Groundwater Resource Index (GRI)   

 Low Flow Index (Q90)   

 Normalised Difference Water Index (NDWI)   

 Palmer Hydrological Drought Index (PHDI) P, T, AWC 

Interpolation over large areas is challenging due to variations in soil 

types and different crops. Based on the original PDSI and modified to 

take into account longer-term dryness that will affect water storage, 

streamflow and groundwater. PHDI has the ability to calculate when 

a drought will end based on precipitation needed by using a ratio of 

moisture received to moisture required to end a drought. 

 Palmer Z Index (Z-Index) 
Streamflow or 

dam levels 
 

 
Regional Streamflow Deficiency Index 

(RSDI) 
Srtreamflow  

 Simple Water Ratio Index (SRWI) Surface water  
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 Standardised Reservoir Supply Index (SRSI) Reservoir Similar calculation as SPI using reservoir data 

 Standardised Streamflow Index (SSSI) Streamflow Similar calculation as SPI using streamflow 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 

 Total Water Deficit Index (TSDI) 

Streamflow, 

Reservoir 

levels 

A traditional assessment of hydrological drought is total water deficit, 

synonymous with the drought severity S. This severity is the product 

of the duration D, during which flows are consistently below some 

truncation level (e.g., the hydroclimatic mean), and the magnitude M, 

which is the average departure of streamflow from the truncation 

level during the drought period 

 Water Index (WI) 

Streamflow, 

Reservoir 

levels 

 

 
 
TABLE 1.5.7. VEGETATION INDICATORS 

 Index Input parameters Additional Information 

    

 
Anomaly of Normalised Difference 

Vegetation Index (NDVIA) 
  

 Corn Drought Index (CDI)   

 Crop Specific Drought Index (CSDI) 
T(min), T(max). 

P, W, SR, ST, Y 

One of the first attempts to monitor and identify drought-related 

agricultural impacts using remotely sensed data. AVHRR data in the 

visible, infrared and near-infrared channels are all used to identify 

and classify stress to vegetation due to drought. 

 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 

(NDVI)  

AVHRR 

satellite data 
 

 
Normalised Difference Infrared Index 

(NDII)  
  

 Perpendicular Drought Index (PerDI)   

 Soybean Drought Index (SCI) 
T(min), T(max). 

P, W, SR, ST, Y 
Specifically designed for soybean growth monitoring 

 Standardised Vegetation Index (SVI)   

 Temperature Condition Index (TCI) 
AVHRR 

satellite data 

Using AVHRR thermal bands, TCI is used to determine stress on 

vegetation caused by temperatures and excessive wetness. Conditions 

are estimated relative to the maximum and minimum temperatures 

and modified to reflect different vegetation responses to temperature. 

Used in conjunction with NDVI and the Vegetation Condition Index 

(VCI) for drought assessment of vegetation in situations where 

agricultural impacts are the primary concern. 

 Vegetation Condition Index (VCI)   

 
Vegetation Condition Albedo Drought Index 

(VCADI)  
  

 Vegetation Health Index (VHI) 
AVHRR 

Satellite data 

One of the first attempts to monitor and identify drought-related 

agricultural impacts using remotely sensed data. AVHRR data in the 

visible, infrared and near-infrared channels are all used to identify 

and classify stress to vegetation due to drought. 
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TABLE 1.5.8. SOIL MOISTURE INDICATORS 

 Index 
Input 

parameters 
Additional Information 

 
Agricultural Reference Drought Index 

(ARDI) 
P, T 

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

combination of water stress approximations and crop models to identify the 

impact on of water stress on plant growth, development and yield for specific 

crops. 

 Soil Moisture Deficit Index (SMDI) 

Modelled 

from various 

parameters 

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 used as in 

indicator of short-term drought, especially using the results from the 

0.61m layer. 

 Soil Moisture Drought Index (SMDI)   
 
TABLE 1.5.9. COMPOSITE DROUGHT INDICATORS 

 Index Input parameters Additional Information 

 Aggregate Drought Index (ADI) P, ET, S, R, AW,SP 

Difficult to calculate. Requires large amount of data. Can be used in 

the context of multiple types of drought impacts. Looking at the total 

amount of water in a climate regime allows a better understanding of 

water availability to be made. Takes into account water stored as well 

as moisture that comes from precipitation. 

 Agricultural Drought index (AgricDI)   

    

 
Bhalme and Mooly Drought Index 

(BMDI)  
  

 Combined Drought Indicators (CDI) 

P, SM, Veg 

Modelled and 

requires also satellite 

data 

Composed of three warning levels (watch, warning and alert) by 

integrating three drought indicators: SPI, soil moisture and remotely 

sensed vegetation data. A watch is indicated when there is a 

precipitation shortage, a warning level is reached when the 

precipitation shortage translates into a soil moisture shortage, and a 
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warning occurs when the precipitation and soil moisture deficits 

translate into an impact to the vegetation. For use in agriculture. 

 Crop Specific Drought Index P, T, S, RD, SF Quality data of many variables needed. Challenging to use 

 
Multivariate Standardised Drought 

Index (MSDI) 

P, SM 

Modelled 

Uses information on both P and SM to identify and classify drought 

episodes by investigating P and SM deficits. It is helpful for 

identifying drought episodes where typical P-based indicators or SM-

based indicators on its own may not indicate the presence of drought. 

 
Modified Palmer Drought Severity 

Index (MPDSI) 
  

 
Normalised Multiband Drought Index 

(NMDI)  
  

 Palmer Drought Severity Index (PDSI) P, T, ST 

Calculated using monthly temperature and precipitation data along 

with information on the water-holding capacity of soils. It takes into 

account moisture received (precipitation) as well as moisture stored 

in the soil, accounting for the potential loss of moisture due to 

temperature influences. 

 Reclamation Drought Index (RDI) P, T, S, RD, SF 
Similar to surface water supply index but also requires P and T data. 

Applicable in regions with snow as one of the water sources 

 
Remote Sensing Drought Risk Index 

(RSDRI) 
  

 Sperling Drought Index   

 Soil Moisture Anomaly Index (SMA) P, T, AWC 

Intended to improve on the water balance of PDSI. Can use weekly or 

monthly precipitation and potential evapotranspiration values in a 

simple water balance equation. It is intended to reflect the degree of 

dryness or saturation of the soil compared with normal conditions and 

to show how soil moisture stress influences crop production around 

the world. 

 Surface Water Supply Index P, R, S, SP 
Many methodologies and derivatives are available, but comparisons 

between basins are subject to the method chosen 
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 United States Drought Monitor Multiple Interpretation of local and regional conditions is required 

 Vegetation Drought Response Index 

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 drought-

induced vegetation stress using a combination of remote sensing, 

climate-based indicators, and other biophysical information and land-

use data. 

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

 Index Input parameters Additional Information 

 PUTU Suite of Plant Models   

 Relative Drought Resistance Model   

 ZA Shrubland Model   

 Zucchini-Adams Drought Model   
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1.6 Indicators 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 equation for SPEI.  

1.6.1.1 Precipitation expressed as percentage of the long-term mean  

The long-term mean percentage precipitation is the most common and easiest way to indicate 

drought classification. Below the threshold of 75% for a certain period, the index may 

indicate meteorological drought. Depending on the period for which the deviation is 

calculated, it may serve as an indicator for both agricultural (12 months and less) and 

hydrological (24 months and more) droughts. The timing of deviation is crucial for rainfed 

crop framers. A low percentage of average precipitation combined with high temperatures 

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 illustrated in Figure 1.6.1. The map in 

Figure 1.6.1 is part of a larger report named UMLINDI or on the web site 

www://drought.agric.gov.za produced monthly by the Agricultural Research Council (ARC).  

The percentage of normal precipitation are always linked to a specific period.  
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FIGURE 1.6.1: PERCENTAGE OF LONG TERM MEAN FOR SOUTH AFRICA, SEPTEMBER 2022 
(Source: ARC, 2024) 

The categories currently used are not fully aligned with the proposed drought classification 

system for South Africa and the decile system discussed in the following sub-section. The 

category 0% to 25% of average precipitation for a single month is not necessarily a reflection 

of drought. The decile categories for the proposed South African drought classification 

system are as follows: 

¶ D0 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 

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

Figure 1.6.2 shows the percentage of long term mean precipitation for the period April 2024 

to September 2024. It is clear that the comparison of the longer-term data is more reliable for 

drought classification. 
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FIGURE 1.6.2: PERCENTAGE OF LONG TERM MEAN PRECIPITATION FOR SOUTH AFRICA: APRIL 24 ð SEPT 24 
(Source: ARC, 2024) 

The map in Figure 1.6.2 clearly shows that most of the Northern Cape (NC) received less 

than the mean rainfall from April 2024 to September 2024. This period covers the winter 

months and should not have a significant impact on vegetation growth if the province receive 

normal rainfall from September.  

1.6.1.2 Precipitation 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 ascending order (from 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 two, up to 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) 

¶ Decile 5 = D0 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 long-term mean precipitation. Therefore, it is not an 

indicator of drought, mainly when determined for shorter periods such as one month. 

The ARC also produces decile maps published monthly in the UMLINDI report and in the 

drought website. These maps only show the precipitation concerning the long-term mean for 

the previous month. An example of the precipitation decile map for September 2024 is shown 

in Figure 1.6.3. In the map, a value of five represents the median value for the time series. A 

value of 1 refers to the rainfall being low or lower than experienced in the driest 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 highest on record). It, therefore, adds a 

measure of significance to the rainfall deviation. 
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FIGURE 1.6.3: PRECIPITATION DECILE MAP FOR SOUTH AFRICA, SEPTEMBER 2024. 
(Source: ARC, 2022) 

1.6.1.3 Standardized Precipitation Index (SPI) 

The SPI quantifies 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 world. Its simplicity 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 longer. Depending on the relevant 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. The three-

month and six-month SPI during the growing season is very important for crop farmers since 

a low three- and six-month SPI from November to March in the summer rainfall area can 

result in total crop losses. The 12-month and 24-month SPI is more relevant to livestock 
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farmers, but a low six-month 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 SPI and SPEI as the preferred meteorological indicators 

for drought classification. Therefore, the SPI and SPEI are discussed in detail in the following 

two sections. In order to understand the meaning of SPI and SPEI, one should also review 

some other definitions and concepts related to these indices. These are discussed below 

(McKee et al., 1993; Western Regional Climate Centre, 2011): 

¶ Accumulated precipitation ï the total precipitation that has fallen during the 

indicated number of months through the end of the month displayed. 

¶ Accumulated Precipitation Departure ï the amount by which the indicated 

accumulated precipitation is above or below the long-term average for the same set 

of months. The local seasonal cycle of long-term average precipitation is 

automatically accounted for. A departure of 0 indicates that totals are precisely equal 

to climatological values. 

¶ Accumulated Precipitation Percent of Average ï the observed accumulated 

precipitation, over the time scale of interest and extending through the end of the last 

month indicated, divided by the long-term average precipitation, which would be 

expected to accumulate 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. 

¶ Percentile, or "Probability of Non-Exceedence" ï this quantity 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 that value, so 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 per cent of the 

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 

SPI in 1993 to better represent wetness and dryness than the Palmer index (McKee et al., 

1993). In contrast to the Palmer index, which is based on a monthly water balance accounting 

scheme that involves precipitation, evapotranspiration, runoff and soil moisture, the SPI was 

developed to quantify a precipitation deficit for different time scales and different locations. 

In addition, it was designed to be an indicator of dry and wet periods that recognises the 

importance of time scales in analysing water availability and water use (McKee et al., 1993; 

1995; Keyantash & Dracup, 2002; Moreira et al., 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 scale for any location in the world with daily 

precipitation records (McKee, 1995; Moreira et al., 2008). The appropriateness and 

robustness of these indices to characterise dry periods have already been shown in several 

studies (Keyantash & Dracup, 2002; Paulo, Perreira & Matias, 2003; Paulo & Perreira, 2005; 

2007; 2008, Moreira et al., 2008). Drought, early warning and measurement of the onset of 

drought using drought indices received much research attention from scientists. Candelliere 

& Salas (2007), for instance, developed a stochastic approach to forecast monthly SPI values 

for different time scales. Mishra & Desai (2006) and Thyer, Frost & Kuczera (2006) also 

developed neural networks and stochastic models applied to precipitation time series data. 

The stochastic properties of the SPI time series data for predicting index class transitions 

were analysed using Markov chain modelling, and log-linear models were used for the same 

purpose (Paulo et al., 2005; Moreira et al., 2008). Moreira et al. (2006) applied log-linear 

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 (McKee et al., 1993): 

¶ First, SPI is uniquely related to probability. 

¶ The SPI is typically distributed and is therefore valuable for monitoring dry and wet 

periods. 



 

47 

 

Chapter 1: Literature Review 

¶ Because of the normal distribution of SPI, the drier and wetter climate regimes are 

represented similarly. 

¶ The precipitation data in SPI can be used to calculate the percent of mean precipitation 

for a specific period. 

¶ 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 score often used in statistics as follows (Lloyd-Hughes & Sanders, 2002; 

Giddings, Soto & Rutherford, 2005): 

                         ὤ
ὢ  ὢ

„
 

Where  X= precipitation (observed or simulated)  

X^= precipitation mean (observed) 

ŭ = Standard deviation  

Typical frequency distribution of precipitation for a given time scale is skewed with the mean 

precipitation larger than the median, in other words, not gaussian, but somewhat skewed 

towards larger values of precipitation (skewed to the right). The lower median than the mean 

is typical in arid and semi-arid regions such as the Karoo and the Northern Cape. That means 

that precipitation values are below the mean more than half of the time. Katz & Glantz (1985) 

found that precipitation frequency distribution for more extended time scales such as 24-

month and 48-month time scales became more gaussian with skewness of near zero. Thom 

(1966) and Sakulski & Jordaan (2014) found the Gamma distribution to fit climatological 

precipitation time series well. 

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

  for x>0              

Where:                          a > 0 a is a shape parameter  
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b > 0 b is a scale parameter  

x > 0 x is the precipitation amount  

G(a) = ya-1 e-y dy   

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 estimated for each data set, for 

each month of the year, and for each time scale (three months, six months, 12 months, 24 

months and 48 months) (McKee et al., 1993, Sakulski, 2002, Jordaan & Sakulski, 2009). 

Thom (1966), as cited by Sakulski (2002), suggested that the maximum likelihood solutions 

are used to estimate parameters alpha and beta optimally: 

 

   

    

Where:
 

                                                                 

  
 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: 

                  

If t=x/b, the equation becomes the incomplete Gamma function: 
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The gamma function is not defined for the value of x=0, and a precipitation distribution 

contains zero values, the cumulative probability therefore becomes: 

H(x) = q + (1-q)G(x)                    

Where: q = probability of a zero value.  

Thom (1966) estimated q by m/n if m is the number of zero values in a precipitation time 

series. The Standardized Precipitation Index (SPI) is then calculated by transforming the 

cumulative probability, H(x), to the standard normal random variable Z with mean zero and 

variance one.   

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

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

variable Z: 

, 0 < H(x) ¢ 0.5 

, 0.5 < H(x) < 1 

 

Where:  ,   0 < H(x) ¢ 0.5 

,  0.5 < H(x) < 1 

c0 = 2.515517 

c1 = 0.802853 

c2 = 0.010328 

d1 = 1.432788         

d2 = 0.189269 

d3 = 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 above-mentioned is not exactly 

valid for the short time scales. The SPI and SPEI will have a standard normal 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 with different climate 

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 to produce a meaningful 

estimate of drought. The SPI and SPEI accomplished both (McKee et al., 1993; Giddings et 

al., 2005; Kim et 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 

calculated at any number of time scales. In addition to that, no matter the location or time 

scale, the SPI represents a cumulative probability of the base period for which the gamma 

parameters were estimated (Sakulski, 2002; Giddings et al., 2005; Kim et al., 2009) 

Figure 1.6.4 shows the standard normal distribution for SPI, and it illustrates that about 62% 

of the time, the SPI will be between 0.5 and -0.5, representing a normal climate condition. 

SPI between -0.5 and -0,79 is experienced about 31% of the time, representing a D0 drought, 

with 23% of the time between -0.8 and -1.2, which indicates a D1 drought. Severe or D2 

droughts are normally experienced about 15% of the time. Extreme droughts  (D3 

droughts) with values between -1.5 to -1.99 is experienced between 6% and 7% of the time. 

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

 

 
FIGURE 1.6.4: STANDARD NORMAL DISTRIBUTION WITH SPI AND SPEI 
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Since 1993, when McKee et al. (1993) introduced the SPI, several authors proposed slightly 

different categories (classifications) of dry and wet periods. According to McKee et al. 

(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 value of -1.0 or less. The dry period begins when the SPI first 

falls below zero and ends with the positive value of SPI following a value of -1.0 or less. The 

problem with McKee's classification is that it does 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: ñIn McKeeôs classification, all negative indexes (SPI) are taken to indicate the 

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

nonsense!ò  McKee arbitrarily defined drought intensity for values of the SPI with the 

following categories (McKee et al., 1993; 1995): 

¶ 0 to -0.99  mild drought 

¶ -1.0 to -1.49  moderate drought 

¶ -1.5 to -1.99  severe drought 

¶ less than -2.0  extreme drought 

Agnew (2000) questions the values assigned by McKee et al. (1993) and raises the notion of 

ñpersistent droughtò, which confuses drought with "desiccation."1. 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 change. Therefore, coping mechanisms for 

desiccation require long-term measures such as resettlement and land-use change, while 

drought requires short-term measures. Agnew (2000) suggested alternative thresholds 

because of using different drought classes with the analysis of annual rainfall from the 

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: 

¶ higher than -0.5 no drought 

¶ -0.5 to -0.84  moderate drought 

 

1 Aridness or aridity 
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¶ -0.84 to -1.28  severe drought 

¶ -1.28 to ï1.65  extreme drought 

Hayes (2000) proposes modifications to Agnewôs categories by using 5%, 10% and 20% 

probability occurrences as guideline for his classification. He proposes the use of the term 

dry instead of drought because that is more appropriate for short time scales. Hayes (1999) 

links the term extreme to the 5% probability and severe a 10% probability. These categories 

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

¶ 2.0 +   extremely wet 

¶ 1.5 to 1.99  very wet 

¶ 1.0 to 1.49  moderately wet 

¶ -0.99 to 0.99  near normal 

¶ -1.49 to ï1.0  moderately dry 

¶ -1.99 to ï1.5  severely dry 

¶ -2.0 and 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 Africa. The national drought plan provides 

SPI thresholds and drought classes, as shown in Table 1.6.1.   

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

Drought 

type 
Drought description SPI value 

Approximate 

% of time 

Approximate 

Probability  

 Normal climate -0,49 to 0.5 @62%  

D0 Dry period -0,5 to -0,79 @31% @1 in 3 years 

D1 Moderate drought -0.8 to -1.29 @23% @1 in 5 years 

D2 Severe drought -1.3 to -1.49 @15% @1 in 7 years 

D3 Extreme drought -1.5 to -1.99 @6% to 7% @1 in 15 years 

D4 Exceptional drought <-0.2 @2% to 3% @1 in 30 years 
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1.6.1.4 Standard Precipitation Evapotranspiration Index (SPEI) 

Vicente Serrano, Beguiria & Lopez-Moreno (2010) developed the Standard Precipitation 

Evapotranspiration Index (SPEI) by considering evapotranspiration. The SPEI is based on 

precipitation and evapotranspiration data and has the advantage of combining a multi-scalar 

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 temperature trends, 

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 (Vicente-Serrano et al., 2010; Beguiria, Vicente-Serrano & Angulo-

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 and wind 

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; Allen et al., 1998; Wilhite, 2000; Vicente-Serrano et 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 determinates for evapotranspiration include 

net solar radiation, surface water area, wind speed, density and type of vegetation 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 demand for moisture from 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 affect this. Wilhite (2000) 

defines dry land as a place where potential annual evaporation exceeds annual precipitation. 

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. Calculation of PET is the 

most difficult because of numerous parameters such as surface temperature, air humidity, 

incoming soil radiation, water vapour pressure and ground-atmosphere latent and sensible 

heat fluxes (Allen et al., 1998; Vicente-Serrano et al., 2010). The lack of reliable data for all 

the parameters forced scientists to use alternative methods for calculating PET. Vicente- 

Serrano et al. (2010) therefore propose the Thornthwaite method of calculating PET. 

Thornthwaite (1948) proposes the use of monthly mean temperature. Following 

Thornthwaiteôs method, PET is then calculated as follows (Beguiria et al., 2010; Vicente- 

Serrano et 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:  

Ὥ
ὸ

υ

Ȣ

 

Where:  t = mean monthly temperature.   

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

                                   ) Ὥ 

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:  

ὖὉὝρφὑ
ρπὝ
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Where T is the monthly mean temperature in °C; I is a heat index, which is calculated as the 

sum of 12 monthly index values i, being derived from the mean monthly temperature using 

the formula: 

Ὥ
Ὕ

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

function of the latitude and month by: 
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Where NDM is the number of days of the month and N is the maximum number of sun hours, 

which is calculated according to: 

ὔ
ςτ

“
″  

Where ɤs is the hourly angle of the sun rising, obtained as: 
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Where ū is the latitude and :(snaidar ni htob) noitanilced ralos eht si ‮ 
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Where J is the average Julian day of the month. With a value for PET, the difference between 

the Precipitation (P) and PET for the month i is calculated: 

Ὀ ὖ ὖὉὝ 

The result simply measures the water surplus or deficit for the analysed month. The 

calculated Di values are aggregated at different time scales, following the same procedure as 

for the SPI. Vicente-Serrano et al. (2010) found the selection of the most suitable statistical 

distribution to model the D series difficult, given the similarity among the four distributions 
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(Pearson III, Lognormal, Log-logistic, 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 Log-logistic distribution showed a gradual decrease in 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 three-parameter log-logistic distributed variable is 

expressed as 

Ὢὼ
‍
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ὼ
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‌
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Where Ŭ, ɓ and ɔ are scale, shape and origin parameters, respectively, for D values in the 

range (ɔ > D < Ð). Parameters of the Log-logistic distribution can be obtained following 

different procedures. Vicente Serrano et al. (2010) follow Ahmed et al. (1988), who found 

the L-moment procedure the most robust and straightforward approach. Vicente Serrano et 

al. (2010) further follow Singh et al. (1993), who reported that when L-moments are 

calculated, the parameters of the Pearson III distribution are obtained as follows: 
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Where ũ(ɓ) is the gamma function of ɓ. The probability distribution function of D according 

to the Log-logistic distribution is then given by: 

Ὂὼ ρ
‌

ὼ
ώ  

Where ũ(ɓ) is the gamma function of ɓ. The probability distribution function of D according 

to the Log-logistic distribution is then given by: 
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ὛὖὉὍὡ
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Where:   ὡ ςρὲὖ 

For PÒ0.5, P being the probability of exceeding a determined D value, P=1-F(x). If P>0.5, P 

is replaced by 1īP, and the sign of the resultant SPEI is reversed. The constants are: 

C0=2.515517, C1=0.802853, C2=0.010328, d1=1.432788, d2=0.189269, d3=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 cumulative probability of D, 

according to a Log-logistic 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 drought indices (Alley, 

1984; McKee et al., 1993; Sakulski, 2002; Breguiria et al., 2010; Vicente-Serrano et al., 

2010; Hayes et al., 2011; Jordaan, 2011; Jordaan et al., 2011; Jordaan & Sakulski 2004; 

Jordaan et al., 2014). On the other hand, the inclusion of a variable that accounts for climatic 

water demand is not always acceptable since its role in drought conditions is not always well 

accepted and understood. Hu & Wilson (2000) and Vicente-Serrano et 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 affects agricultural droughts commonly recorded by 

short time-scale indices. Narasimhan & Srinivasan (2005) and Vicente-Serrano et al. (2010) 

conclude that evapotranspiration-based indices show better results than precipitation-based 

indices for short-term agricultural droughts.  

Vicente-Serrano et al. (2010) find little difference between precipitation-based indices such 

as SPI and evapotranspiration indices such as sc-PDSI 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 short-term SPI values. However, they found a good correlation between 

groundwater fluctuations at 6-, 12- and 24-month SPI values. This supports the a-priory 

expectation that groundwater and reservoir levels are better measured with long-term (12-, 

24- and 48-month SPI or SPEI) values.  

For example, the 12-month SPEI for tertiary catchment N14B shown in Figure 1.6.5 clearly 

shows one extreme dry period with SPEI <-2 during 1981 - 1982. The same Figure shows 

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. 

 

 
FIGURE 1.6.5: 24-MONTH SPI GRAPH FOR TERTIARY CATCHMENT N14B 
(Sakulski & Jordaan, 2014) 

The longer period (24-month; Figure 1.6.5 and 48-month; Figure 1.6.6) of the SPEI 

calculation smooths the graph, and only the long-term 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 calculation of frequency (probability) and 

severity of dry periods and droughts is now very easy.  
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FIGURE 1.6.6: 48-MONTH SPI GRAPH FOR TERTIARY CATCHMENT N14B 
(Sakulski & Jordaan, 2014) 

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 extreme droughts 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 the 12-month SPEI was 

calculated. The probability for extreme and severe droughts or dry periods remains the same 

for the 3- and 6-month SPEI, but one should keep in mind that probability was calculated for 

3- and 6-month periods; in other words, the probability for severe drought according to the 

3-month SPI is 7 out of (100 X 3 = 300/12 = 25) 25 years and for the 6-month SPI 7 out of 

50 years. 

Figure 1.6.7 shows the exceedance probability for the example catchment D13F. Again, the 

strength of the SPI and SPEI technique is illustrated here in that one can see how easy it is to 

calculate the probability for drought at values less than zero and wet periods with positive 

values from 1 to 2,5 at the top of the graph (McKee et al., 1993; Guttman, 1999; Hayes et 

al., 1999; Wilhite, 2000 (a); Hayes, 2011). 
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FIGURE 1.6.7: TWELVE-MONTH EXCEEDANCE PROBABILITY FOR SPEI -1,5 FOR D13F  
(Sakulski & Jordaan, 2014) 
 

The questions to be answered in drought risk assessment are (i) which of the 6-, 12-, 24- 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; is it at <-1.5 (extreme (D3) drought) 

or <-2.0 (extraordinary (D4) drought)? Necessary for the extensive livestock sector is the 6-

month SPI during the growing and rainy season and the 12-month, 24-month and longer time 

series. The longer time series SPI or SPEI results are indicators for multi-year droughts, 

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

groundwater levels, streamflow and dam levels.  

The ARCôs UMLINDI report provides the 6-, 12-, 24- and 36-month SPI for South Africa 

(see Figures 1.5.8 (a,b,c,d) ). These maps are extremely useful for drought management 

because they show multi-year droughts and assist with increased interpretation. The 

following are some of the conclusions from the SPI maps.  

i. The 6-month SPI map represents the previous growing season in the summer rainfall 

regions. From the 6-month SPI, it is clear that the NC experienced severely wet 

conditions during the growing season, which supported vegetation growth. The 12-

month SPI looks similar to the 6-month SPI, which is expected since it also includes 

the winter months with usually very little to zero precipitation.  



 

61 

 

Chapter 1: Literature Review 

ii.  The 12-month SPI shows moderate to severe drought conditions for Richtersveld in 

the far north-western part of the NC. This region is extremely arid and also mainly a 

winter rainfall area.  

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

region of the Eastern Cape (EC). Even the 6- and 12-month SPI maps show mild to 

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

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

iv. The 24- and 36-month 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 

2015 ï 2019 multi-year drought.  

FIGURE 1.6.8: SPI MAPS FOR DIFFERENT TIME-SCALES 
(Source: ARC, 2022) 

a 

c d 

b 
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1.6.1.5 Meteorological indicators developed in South Africa  

1.6.1.5.1 Rainfall Anomaly Index 

This technique was developed by Herbst et al. (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 and allowed for the carry-over 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 actual and mean Precipitation (Du Pisani et al., 1998). 

1.6.1.5.2  Erasmus Rainfall 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 moving three-monthly rainfall 

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

compared with specific decile ranges.  

1.6.1.5.3  Relative 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 the drought as a 

percentage of the long-term 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 annual variance, the less drought 

tolerant the vegetation and vice versa and the sooner one could expect a drought.  

1.6.1.5.4  Zucchini-Adams Model 

The Zucchini-Adams model developed by Zucchini and Adamson (1991) uses daily, weekly, 

monthly or annual rainfall as an input data source. The model is characterised by the half-life 

of an exponentially decaying factor such as rainfall. The exponential function describes 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 as over-grazing and wildfires 

might impact the results of some of the remotely sensed indicators. As a result, interpretation 

of remotely sensed data in some cases requires ground-truthing and adjustments. The 

Northern Cape, for example, had to adjust NDVI and other vegetation thresholds to reflect 

drought conditions in areas with different vegetation cover. More about the adjustments in 

the next section.  

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

livestock sector.  

1.6.2.1 Normalised 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 sensing-based index that measures vegetation conditions (Rouse et al. 

1974). NDVI uses the advanced high-resolution 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 for several remote sensing 

indices that similarly measure vegetation conditions, e.g., the Vegetation Condition Index 

(VCI) (Kogan 1990). 

Reflectance from Sentinel-3/OLCI in seven Red and Near-infrared (NIR) bands is first 

atmospherically corrected. Then 10-daily BRDF normalised reflectance is computed from 30 

days of input reflectance. The four narrow Red and three narrow NIR are averaged into a 

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 input top-of-canopy (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: 

ὔὈὠὍ
ὔὍὙὙ
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Where:  NDVI = Normalised Difference Vegetation Index 

NIR = Near-infrared spectral reflectance  

R = Visible red spectral reflectance  

For many years, the NDVI has been widely used by the bio-geophysical community to 

monitor the vegetation state and disturbances to address a large range of applications, 

including forestry, agriculture, food security, and water management. For example, the NDVI 

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

NDVI values range from +1.0 to -1.0. 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 0.2 to 0.5). High 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 stage. The negative value of an 

NDVI index refers to a lack of vegetation and other types of land use, such as built-up areas. 

Furthermore, a zero value indicates bodies of water, whereas positive values refer to different 

types of vegetation rates (Sun, J. et al., 2011; Morawitz 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 relative to the norm. When analysed through 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 in Figures 5. (a) and (b) illustrates the 16-day 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 16-day 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 in Figure 1.5.9 are only a comparison of the NDVI for the 

same period a year ago and do not provide a comparison with the long-term mean NDVI. 

 

FIGURE 1.6.9: (A) & (B): 16-DAY NDVI MAPS FOR 30 MARCH 2022 TO 15 APRIL 2022 
(Source: ARC, 2022) 

1.6.2.2 Standard Difference Vegetation Index (SDVI) 

The Standardised Vegetation Index (SVI) provides information about the relative vegetation 

condition compared to the years being analysed. As weather conditions influence the state of 

vegetation, the SVI can also be utilised as a drought index and for regular drought monitoring 

to facilitate the early identification of a slow-onset drought. The SVI is based on satellite 

Vegetation Indices (VI), such as the Normalised Difference Vegetation Index (NDVI) or 

Enhanced Vegetation Index (EVI), indicating the estimated vegetation condition. Vegetation 

Indices mostly explore the difference in reflectance radiated in the visible Red and near-

infrared waveband for determining the health or stress of plants as well as the density of plant 

growth. 

The SDVI originates from the NDVI anomaly concept developed by Peters et 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 a z-score deviation from the mean in units of the 

standard deviation, calculated from the NDVI or EVI values for each pixel location of a 

a b 
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composite period for each year during a given reference period. The equation below shows 

the general calculation of the SVI: 

ὤ
ὠὍ ‘

„
 

where ὤ  is the z-value for the pixel i during week j for year k, ὠὍ is the weekly VI value 

for pixel i during week j for year k whereby both the NDVI or EVI can be utilised as VI, ‘  

is the mean for pixel i during week j over n years, and „  is the standard deviation of pixel i 

during week j over n years. 

The key strengths of the SDVI are as follows (UNSPIDER, 2022): 

¶ 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 other years 

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. 

¶ 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 the z-score as 

outlined above. 

¶ 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. 

¶ 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 Radiometer (AVHRR) 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) 

¶ 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 the mean 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. 

¶ The SDVI is a good indicator of vegetation response to short-term 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 over-grazing, flooding, unseasonable coolness, or wildfires. Therefore, ground 

data must also be included in the analysis to better interpret the vegetation trend in a 

specific region. 

¶ 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 in Figure 1.6.10. 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, the southern part of EC, and a small region in Mpumalanga.     
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FIGURE 1.6.10: SDVI FOR THE PERIOD 30 MARCH 2022 TO 15 APRIL 2022 COMPARED TO 20-YEAR MEAN 
(Source: ARC, 2022) 

1.6.2.3 Vegetation 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 years. The Vegetation Condition Index (VCI) compares the current NDVI to the 

range of values observed in the same period in previous years. The VCI is expressed in 

percentage and shows where the observed value is situated between the extreme values 

(minimum and maximum) from the previous years. Lower and higher values indicate bad 

and good vegetation conditions, respectively. 

The algorithm for 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 normalises the NDVI according to its changeability over many years and results in 

a consistent index for various land cover types. It is an effort to split the short-term weather-

related signal from the long-term climatological signal as reflected by the vegetation. 

Therefore, the VCI is a better indicator for drought detection than the NDVI due to its ability 

to compare current and long-term vegetation conditions. In addition, it is a better indicator of 

water stress than the NDVI.   

The VCI in the NC for 30 March 2022 to 15 April 2022 compared to the long-term mean is 

illustrated in the May UMLINDI report and shown in Figure 1.5.11. 

 
FIGURE 1.6.11: VCI FOR THE NC FOR THE PERIOD 30 MARCH TO 15 APRIL 2022 COMPARED TO THE LONG-TERM 

MEAN 
(Source: ARC, 2022) 

The VCI map in Figure 1.6.11 supports the results from the SDVI as shown in Figure 1.6.10, 

and the drought category is also in line with the proposed drought classification.  
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1.6.2.4 Percentage of Average Seasonal Greenness 

(PASG) is an index representing the cumulative vegetation activity during a specific period 

relative to the long-term average. PASG is the cumulative NDVI compared to long-term 

cumulative NDVI, expressed as a percentage. The 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 mean historical greenness, and this is indicative of normal or average 

vegetation conditions. PASG values less than 100% indicate below-average greenness 

(poorer than normal vegetation conditions) that may be linked to some form of stress (for 

example, drought, flooding, fire, hail damage, or pest infestation ï damage caused by locusts 

currently a plaque in the NC serves as an example). PASG values greater than 100% indicate 

higher than average greenness, reflecting above-normal vegetation conditions. PASG values 

are not calculated for a location until the start of the season has occurred. The equation for 

the calculation of PASG is as follows: 

ὖὃὛὋ
ὅόὶὶὩὲὸ ὛὋ

ὓὩὥὲ ὛὋ Ὢέὶ ὸὬὩ ίὩὥίέὲ
ρzππ 

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

season and the current date. 

Figure 1.6.12 illustrates the UMLINDI PASG map for 27 December 2021 to 15 April 2022 

compared to the long-term mean. The PASG clearly show the positive vegetation growth 

(greenness) in the NC compared to the long-term mean. The PASG map also confirms the 

drought conditions in the Nelson Mandela Bay region in the southern EC. 
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FIGURE 1.6.12: PASG FOR PERIOD 27 DECEMBER 2021 TO 15 APRIL 2022 COMPARED TO LONG-TERM MEAN 
(Source: ARC 2022) 

1.6.2.5 Vegetation Health Index 

The Center for Satellite Applications and Research (STAR) at the National Oceanic and 

Atmospheric Administration (NOAA), USA, produces satellite-based 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 estimate crop conditions and anticipated yield. 

The NOAA products are available in near real-time and are downloadable at 

https://www.drought.gov/data-maps-tools/noaa-star-global-vegetation-health-products.  

For example, the VHI for South Africa on 15 June 2022 is illustrated in Figure 1.6.13. 

 

https://www.drought.gov/data-maps-tools/noaa-star-global-vegetation-health-products
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FIGURE 1.6.13: VHI IN SA AS ON 15 JUNE 2022 
(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 indices are above 60 (favourable condition), 

plentiful production might be expected. Comparing 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. 

1.6.2.6 Vegetation Productivity Index 

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

referencing the current value of the NDVI with the long-term statistics for the same period. 

The VPI is a percentile ranking of the current NDVI value against its historical range 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 intensity. This is particularly useful 

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

1.6.2.7 Enhanced 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 vegetation. It incorporates 

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 the background noise, 

atmospheric noise, and saturation in most cases. 

ὉὠὍὋᶻ
ὔὍὙὙ

ὔὍὙὅρz Ὑ ὅςz ὄ ὒ
 

Where:  EVI = Enhanced Vegetation Index 

  G =  

NIR = Near-infrared spectral reflectance 

R = Visible red spectral reflectance 

C1 = Coefficient for atmospheric resistance 

C2 = Coefficient for atmospheric resistance 

B = Values from the Blue Band 

L = Value to adjust for canopy background 



 

74 

 

Chapter 1: Literature Review 

1.6.2.8 Leaf 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 satellite-derived 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 thickness of the 

vegetation cover. 

LAI is recognised as an Essential Climate Variable (ECV) by the Global Climate Observing 

System (GCOS). 

1.6.2.9 Fraction 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 the vegetation 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 optical properties, 

atmospheric conditions, and angular conFigureuration.  

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 Top-of-Canopy reflectances from Sentinel-3 OLCI (v1.1 

products) or daily Top-of-Aerosol input reflectances from PROBA-V (v1.0). Temporal 

smoothing and small gap filling are applied to the instantaneous LAI estimates, 

discriminating Evergreen Broadleaf Forest (EBF) and no-EBF pixels. Temporal compositing 
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is adapted to provide a near-real-time (10-daily) 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 observation of FAPAR is 

suitable to reliably monitor the seasonal cycle and inter-annual 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 forecasting. 

1.6.3 Hydrological Indices 

Hydrological indicators cover surface water and sub-surface water, but for indicator 

categorisation, we will discuss sub-surface water in a separate section. This section focuses 

on streamflow and reservoir and dam levels. Hydrological indicator data is available on the 

National Integrated Water Information System of the DHSWS. 

1.6.3.1 Reservoirs 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 animal drinking water, but data 

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

level indicators that should provide on-farm drought conditions. 

Figure 1.6.14 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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FIGURE 1.6.14: NIWIS INTERACTIVE MAP OF ALL RIVERS AND MAJOR DAMS IN SOUTH AFRICA.  
(Source, NIWIS, 2022) 

Figure 1.6.15 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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FIGURE 1.6.15: SURFACE WATER STORAGE IN THE NC 
(Source, NIWIS, 2022) 

Figure 1.6.16 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.  

 
FIGURE 1.6.16: HISTORICAL SURFACE WATER STORAGE FOR THE NC 
(Source: NIWIS, 2022) 

Information is also available from the NIWIS for the five largest dams in the NC (See Figure 

1.6.17). Information includes the name of the dam, date of measurement, the total capacity 

of the dam in ὓά , the current amount of water in the dam in ὓά , 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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FIGURE 1.6.17: DAM STORAGE CAPACITY AND WATER LEVEL IN THE NC 
(Source: NIWIS, 2022) 

1.6.3.2 Streamflow 

Streamflow is equally important as storage water levels. The NIWIS provides near real-time 

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

on rivers since many produces feed 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 shown in Figures 1.6.18 to 

1.6.20. 

 
FIGURE 1.6.18: CURRENT SEASONAL HYDROGRAPHS FOR RIET RIVER AT THE KLIPDRIFT MONITOR SITE 

 

 
FIGURE 1.6.19: CURRENT HYDROGRAPH FOR THE SAL RIVER AT THE HOL PADS LEEGTE MONITOR SITE 
(Source: NIWIS, 2022) 
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FIGURE 1.6.20: CURRENT HYDROGRAPH FOR THE SAL RIVER AT THE HOL PADS LEEGTE MONITOR SITE 
(Source: NIWIS, 2022) 

1.6.4 Soil moisture and groundwater indices 
1.6.4.1 Soil 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 one-meter depth soil, then the moisture content is 120mm/m 

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

is measured in one-meter depth and the one-meter surface is (ρ meters) soil, the percent 

moisture content is 12%, calculated as  πȢρς
ρ*100= 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 semi-arid rangelands. Grazing 

management influences the effectiveness of precipitation and soil moisture. The amount of 

precipitation that infiltrates the soil is directly linked to adequate plant cover and soil 

compaction (See Figure 1.6.21).  
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FIGURE 1.6.21: INTERACTION BETWEEN VEGETATION COVER AND SOIL MOISTURE  

Reduced protective plant cover and soil compaction increased runoff during heavy 

precipitation. Over-grazing, therefore, might lead to artificial droughts. Analysis of remotely 

sensed vegetation and soil moisture data might lead to wrong conclusions in the absence of 

secondary ground-truthing.  

Global soil moisture data to the public is available on the USGS website, the EUEMSAT for 

registered users and the United Nations Soil (UN-SPIDER) website. The South African 

National Space Agency (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

449faaa2e62d3bef74) and the NOAA Global Drought Data dashboard at 

(https://experience.arcgis.com/experience/5dceec104a384df094e65af12a274959/) have 

some excellent near-real-time products.  

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

 

Less root 
growth

Low vigor

Lower 
energy 
capture

Reduced 
herbage 

production

Reduced 
soil 

moisture

Reduced 
herbal 

production

Less 
protective 
plant cover

Reduced 
infiltration

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/
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¶ 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) 

¶ 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 shown in Figure 1.6.22. 

 
FIGURE 1.6.22: (A,B,C) SOIL MOISTURE MAPS OF 

SOUTHERN AFRICA 
(Source: USGS, 2022) 
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Figure 1.6.23: 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 (See Figure 1.6.23). 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 

classification 

Drought 

description 

Evaporative stress 

index 
% soil moisture 

D0 Dry period <=-0.89 to 0 21% - 30% 

D1 
Moderate 

drought 
<=-1.59 to -0.9 11% - 20% 

D2 Severe drought <=-2.29 to -1.6 6% - 10% 

D3 Extreme drought <=-2.99 to -2.3 3% - 5% 

D4 
Exceptional 

drought 
<=-3.0 >3% 
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1.6.4.2 Groundwater 

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 zone. The 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 water table to fall. Water in aquifers is brought to the 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 brought to the 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. Groundwater 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. Groundwater is affected 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) 

¶ 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 storage and availability 

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 that during drought, 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 illustrated in Figure 1.6.24.  

 

 

 

 

 

FIGURE 1.6.24: 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 corresponding long-

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 alternatives. 

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 catchment (See Figure 1.6.25). 
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FIGURE 1.6.25: GROUNDWATER RESERVE IN SOUTH AFRICA PER QUATERNARY CATCHMENT 
(Source: NIWIS, 2022) 

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

whole province is not fully covered. 
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FIGURE 1.6.26: GROUNDWATER MONITOR SITES IN THE NC 
(Source: NIWIS, 2022) 

The groundwater status for the province is also illustrated as shown in Figure 1.6.27.  

 
FIGURE 1.6.27: GROUNDWATER STATUS IN NC, JUNE 2022 
(Source: NIWIS, 2022) 
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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 illustrated in Figure 1.6.28. 

 
FIGURE 1.6.28: GROUNDWATER STATUS AT PRIESKA MONITOR SITE, JUNE 2022 
(Source: NIWIS, 2022) 

The groundwater level for the Bothaskop site near Kuruman is shown in Figure 1.6.29. 

 
FIGURE 1.6.29: GROUNDWATER STATUS AT BOTHASKOP (NEAR KURUMAN) MONITOR SITE, JUNE 2022 
(Source: NIWISS, 2022) 

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

water levels despite above-average precipitation during the 2021/2022 rainy season. On the 

other hand, excellent groundwater recharge is shown at the Bothaskop (near Kuruman) 

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 today provides excellent 

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 system and the PUTU Suite of Plant Models. 

Both of these indices use meteorological data together with on-farm data to determine 

drought classification, aligned with the objective of this research to integrate primary and 

secondary (on-farm) indicators in a computerised reporting system. 

1.6.5.1 Roux 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) rangeland physical condition 

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 the scores are processed to a drought index 

(Du Pisani et al., 1996). 

1.6.5.2 PUTU Suite of Plant Models 

Developed by Booysen (1983) and further refined by Fouche et al. (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 process-driven rangeland production models that consist 

of various sub-routines such as water balance, carbohydrate metabolism, plant phenology, 

etcetera. The model includes establishing long-term yield profiles for 350 rainfall stations by 

ranking the cumulative distribution functions of grassland yields in descending order. Current 

drought intensity is then assessed by comparing the rangeland production at any given time 

against the long-term cumulative distribution function. 
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1.6.5.3 ZA Shrubland Model 

The ZA shrubland model was adapted from the meteorological model of Zucchini and 

Adamson (1991) for arid and semi-arid shrublands. The model is based on the carry-over 

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

the effective cumulative precipitation over consecutive six-month periods with the 

cumulative mean effective precipitation. Current drought intensity is assessed by weighing 

the current rainfall with historical values (Du Pisani et al., 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: 

1.6.6.1 CSIR Green Book 

Web address: https://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 projections but it is not 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. 

1.6.6.2 FAO AQUASTAT Global Information System on Water and Agriculture 

Web address: http://www.fao.org/aquastat/en/ 

This information tools offers the following: 

i) Standardised data and information to measure progress and to substantiate decisions 

ii) Tools to generate own analysis and conclusions 

iii) Capacity development to improve understanding and monitoring of water resources, 

water use, and irrigation management 

https://greenbook.co.za/
http://www.fao.org/aquastat/en/
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Data is available globally and South African data is available down to micro-scale for some 

data sets. Data, metadata, river basin profiles, regional analysis, maps, tables, spatial data, 

guidelines and other tools are available on  

i) Water resources; intercanal and transboundary 

ii) 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 

1.6.6.3 AQUEDUCT Water Risk Atlas 

Web Address: https://www.wri.org/aqueduct 

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 

variability, groundwater table changes, riverine flood risks, coastal flood risks, 

drought risk, untreated connected wastewater, coastal eutrophication potential, 

drinking water and sanitation. 

ii) Aqueduct country rankings, which compare national and sub-national 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.  

1.6.6.4 FEWSNET (Famine Early Warning Systems Network) 

Web address: https://fews.net/ 

https://www.wri.org/aqueduct
https://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 agro-climatology, 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 products with spatially visible results on weather 

and climate data as well as various agricultural remotely sensed indicators is available at 

https://earlywarning.usgs.gov/fews/search, 

1.6.6.5 NOAA Climate Prediction Centre 

Web address: https://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. 

1.6.6.6 Climate Engine 

Web address: https://clim-engine.appspot.com/climateEngine 

Allows users to make maps of different climate features 

1.6.6.7 Global Drought Information System 

Web address: https://www.drought.gov/gdm/ 

 

1.6.6.8 International Water & Climate Atlas 

Web address: https://www.iwmi.cgiar.org/resources/world-water-and-climate-atlas/ 

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. 

https://earlywarning.usgs.gov/fews/search
https://www.cpc.ncep.noaa.gov/products/international/
https://clim-engine.appspot.com/climateEngine
https://www.drought.gov/gdm/
https://www.iwmi.cgiar.org/resources/world-water-and-climate-atlas/
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1.6.6.9 Sentinel Hub 

Web address: https://www.sentinel-hub.com/ 

 

This is a very useful site for generating real time and historical maps base on images from a 

complete archive of Sentinel-1, Sentinel-2, Sentinel-3, archives of Landsat 5,7 and 8, Envisat, 

Merit, Proba-V and GIBS products; All open source and free to use. Various 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 address: https://map.drought.gov.au/ 

The Australian drought map is one of the best-case examples of drought monitoring. Much 

of the remotely sensed information required for drought management ï even for SA - is 

available on the Australian drought map. (See discussion in Chapter 7). 

1.6.6.11 USNDMC 

Web address: https://droughtmonitor.unl.edu/ 

The United States National Drought Monitor located at the University of Nebraska and 

funded by NOAA and USDA is another best-case 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 contingency 

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 (outputs).  

https://www.sentinel-hub.com/
https://map.drought.gov.au/
https://droughtmonitor.unl.edu/
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Indicators drive drought 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 information required for 

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-, 48-month) 

x. SPEI (3-, 6-, 12-, 24-, 36-, 48-month) 

xi. Drought Index 

1.7.2 Hydrological indicators 

Hydrological indicators are available primarily 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 & Z-score compared to the same time) 

ii.  Base flow (mm/day) 

iii.  Stream flow (m3 & Z-score compared at the same time) 
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iv. Groundwater levels (Z-score 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 from SANSA, research institutions, and various 

open-source websites. It is possible to update the following daily: 

i. NDVI 

ii.  VCI 

iii.  PASG 

iv. NHVI 

1.7.4 Remotely sensed soil indicators 

i. Soil moisture (topsoil) 

ii.  Soil moisture (10cm ï 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 Socio-economic indicators for drought resilience and vulnerability in 
agriculture 

Socio-economic indicators are essential for monitoring resilience and vulnerability to 

drought. It is also helpful to illustrate such indicators per quaternary catchment or 

municipality. Socio-economic 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 socio-economic indicators that are useful for the 

determination of drought resilience per catchment or municipality 
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i. # of people in farming 

ii.  Age and gender profile of farmers and farm workers 

iii.  Education level of farmers 

iv. # of farmers per quaternary catchment or municipality 

v. # of farm labourers 

vi. No non-farm labourers  

vii.  Unemployment rate 

viii.  Youth unemployment rate 

ix. Alternative job opportunities 

x. The debt ratio of farmers 

xi. # bankruptcies amongst farmers because of previous droughts 

xii.  Farmers household stress 

xiii.  The average income of farmers and farm workers 

xiv. Economic dependency on farming 

xv. # people in the quaternary catchment  

xvi. In and out-migration of people linked to agriculture 

xvii.  # people dependent on social grants 

xviii.  % communal land 

xix. Internet connectivity 

xx. Average household size of farmers and farm labourers 

xxi. # of children from farms in primary and secondary schools 

xxii.  Primary health services available to farms 

xxiii.  Health services available such as Doctors per 1000 people or hospitals 

xxiv. Available social services to the farming community 

1.7.6 Secondary / ground-truth indicators 

Best practice experience globally, however, teaches us that more indicators are required to 

ground-truth the information obtained from remotely sensed sources. The primary indicators 

mentioned above should catalyse drought classification, but municipalities, water managers, 

farmers, and others should ground-truth the information. For example, the United States 

drought monitor sometimes utilised up to more than 50 drought indicators as a composite 

indicator for drought monitoring and drought impact (US Drought 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 provide real-time information on actual 

conditions at the local level. Various sources are available as secondary indicators, but we 

propose a reference farm system for agricultural-related droughts as 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 

¶ Surface water levels 

1.7.6.1 Reference farms 

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 monitoring at the farm 

level, a system of reference farms should be implemented. At least one-reference farm should 

be selected for each quaternary catchment. The objective with reference farms is to formalise 

and implement a system on the selected farms based on practical 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 other 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 a web-based system. This data should be analysed, processed and used as 

a source for drought monitoring and early warning.  



 

97 

 

Chapter 1: Literature Review 

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 the same on all farms 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) (called participant) 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 or have access to the Internet to provide and 

upload data regularly. 

Participants in the drought monitor and early warning project must:  

¶ Supply daily meteorological data on at least a weekly basis. The possibility of 

automatic meteorological data capturing mechanisms should be discussed with 

SAWS. 

¶ 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.)  

¶ Adhere to the carrying capacity according to the norms of DAFF over a twelve-month 

cycle. As a farmer who applies good agricultural practices, he/she will under-graze 

some years and over-graze others depending on the condition of the veld and climate 

conditions. 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). 

¶ 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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1.7.6.2 Other sources of secondary indicators 

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 sources of secondary 

data for drought classification. 

1.7.6.3 Future research on secondary indicators 

Specific guidelines and thresholds for secondary indicators are not available. Consequently, 

that is one of the sub-objectives of this research project, and the following deliverable should 

provide more clarity on the secondary drought indicators. 

1.8 Global Best-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 micro-scale. Some of the best-case examples of micro-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.edu/   https://www.drought.gov/drought/node/ 

 

The USNDMC is another best-case 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 of Agriculture 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 public can download all 

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

drought monitor map dated 8 September is shown in Figure 1.8.1. 

https://droughtmonitor.unl.edu/
https://www.drought.gov/drought/node/
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FIGURE 1.8.1: US DROUGHT MAP, 22 JUNE 2022 
(Source: USNDMC, 2022) 

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

sections: 

1.8.1.1 Data  

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

following data types are available open-source and for use by the public. 

1.8.1.1.1 Time 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) climate zone, (iii) 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 shown in Figure 1.8.2. 

 
FIGURE 1.8.2: TIME SERIES DATA COMPARING DROUGHT TYPES FROM 2000 ð 2022 
(Source: USNDMC, 2022) 

1.8.1.1.2 Tabular 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 the South African drought classes 

are the same as the US drought classes; from D0 to D4. 

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

 
(Source: USNDMC, 2022) 

The DSCI value indicated are the total drought severity and drought coverage index for a 

specific region.  

1.8.1.1.3 Data Download Available 

Detailed and weekly uploaded data are available for the following: 

i. Comprehensive statistics: Download 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, County 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. 

1.8.1.1.4  GIS data 

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

example of the shapefiles and metadata available is shown in Table 1.8.2. 

TABLE 1.8.2. SUMMARY TABLE INDICATING TYPE OF SHAPEFILE AVAILABLE 

 
(Source: USNDMC, 2022) 

KMZ files are spatial datasets formatted for Google Earth. GML files are spatial datasets 

formatted using the Geographic Markup Language. Each WMS file contains one Drought 

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

1.8.1.1.5 Meta Data 

The Excel files contain the percent area statistics for the given week. The Drought Monitor 

classes are cumulative---if a region is in D2, it is also in D1 and D0. The statistics provided 

on the site represent those cumulative values. For example, Region A has 75% in D0, 50% 
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in D1 and 10% in D2. Therefore, 25% (75%-50%) of Region A is in D0 only; 40% in D1 and 

D0; and 10% in D2, D1 and D0. 

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  

¶ and one containing values for each county. 

Column headers are included.  

1.8.1.1.6 FSA 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. 

1.8.1.1.7 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 and 1.8.4. Table 1.8.3 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 

 
(Source: USNDMC, 2022) 

Table 1.8.4 show an example of the potential D4 drought impacts for Nevada. 

It is important to note that potential impacts are region-specific, but the drought categories 

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 

 
(Source: USNDMC, 2022) 

Links are available to the ñDrought Monitor Classification Schemeò with more detailed 

information on drought classification and drought indices. 

1.8.1.2 Maps 

Maps for various time scales and for all geographical regions and regional types are available 

for download. Amongst others these include: 

1.8.1.2.1 Compare different weeks 

Compare two U.S. Drought Monitor weeks side by side. 
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FIGURE 1.8.3: COMPARISON OF DROUGHT US MAPS BY WEEK (14 JUNE 2022 AND 21JUNE 2022) 
(Source: USNDMC, 2022) 

1.8.1.2.2 Comparison slider 

Displays the USDM maps from two selected dates, and allows the user to determine which 

is displayed by using a slider bar 

 
FIGURE 1.8.4: COMPARISON US SLIDER MAP 
(Source, USNDMC, 2022) 

1.8.1.2.3 Map archives 

View any map format for a selected week. Weekly historical maps are available since 2000. 

 
FIGURE 1.8.5: EXAMPLE OF US MAP ARCHIVES 
(Source: USNDMC, 2022) 
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1.8.1.2.4 Change maps 

View a series of change maps for a selected week. 

 
FIGURE 1.8.6: EXAMPLE OF US DROUGHT CHANGE MAP 
(Source: USNDMC, 2022) 

1.8.1.2.5 Animations 

View an animated series of maps or download animated GIF files. 

 
FIGURE 1.8.7: EXAMPLE OF TIME SERIES US DROUGHT ANIMATION MAP 
(Source: USNDMC, 2022) 

1.8.1.2.6 Custom map requests 

Request a custom U.S. Drought Monitor map. 
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FIGURE 1.8.8: SELECTION PANEL FOR MAP REQUEST 
(Source: USNDMC, 2022) 

1.8.1.3 Additional Information 

Additional information regarding the data available for monitoring and early warning include 

the following: 

1.8.1.3.1 Drought Classification 

This section explains how the drought classification system works and what indicators are 

used for drought classification 

1.8.1.3.2 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 

1.8.1.3.3 Statistics explanation:  

Statistics are calculated weekly for the U.S. Drought Monitor by two different methods that 

are referred to as ñcumulative,ò which is how it is done from the beginning, or ñcategorical,ò 

meaning the report on one category at a time. Explanation of each method is illustrated in 

Table 1.8.5. 
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TABLE 1.8.5. SUMMARY EXPLANATION OF STATISTICS USED FOR DROUGHT CLASSIFICATION 

(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, the D0-D4 category shows the 

percent of the area that is classified as D0 or worse. 

 

Categorical statistics 

The categorical U.S. Drought Monitor statistic is the percent of the area in a certain drought 

category, and excludes areas that are better or worse. For example, the D0 category is labelled 

as such and only shows the percent of the area experiencing abnormally dry conditions. 

 

1.8.1.4 Education and Tutorials 

The section dealing with education and tutorial provide valuable linkages as well as detailed 

information on the following: 

i. What is 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 I find the US Drought Monitor 

viii.  How can I contribute 

ix. Who uses the US Drought Monitor 

1.8.1.5 Current 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) 

x. Percent of normal rainfall 

xi. Current streamflow 

xii.  Mountain snowpack 

xiii.  Soil moisture 

xiv. US and global soil moisture monitoring 

xv. STAR ï Global Vegetation Health products 

xvi. Fire danger maps 

xvii.  Other current conditions information 

Several links are available with weather related and other information.  
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1.8.1.6 Outlooks 

The outlook section also provides interactive maps with a wide variety options to select type 

of information and geographic area. Products to display include: 

i. Monthly US drought outlook 

ii.  Seasonal US drought outlook 

iii.  Climate outlooks 

iv. Soil moisture forecasts 

v. Current 3- to 7-day outlooks 

vi. Current 6- to 10-day outlook 

vii.  National fire weather outlook 

viii.  Western Water Supply outlook 

1.8.1.7 Partnership 

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.html and https://map.drought.gov.au/] 

The National Drought map provides: 

i. a framework of geospatial data services to support analysis, decision making, 

planning and reporting functions, 

ii.  a simple intuitive way to visualise spatial information from a standard data set, 

iii.  easy access to authoritative spatial data, 

iv. 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 poor conditions the 

https://map.drought.gov.au/about.html
https://map.drought.gov.au/
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"Australian Landscape Water Balance" data 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/day/-28.4/130.4/3/Point 

////2020/3/16/ 

Farmhub is another service linked to the National drought map. The Farmhub link provided 

farmers with drought related information. https://farmhub.org.au/ 

The type of information geographically available on the Australian National Drought Map is 

illustrated in Figure 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 

FIGURE 1.8.9(A): MONTHLY RAINFALL MAP AND (B) ROOT ZONE SOIL MOISTURE MAP FOR AUSTRALIA 
(Source: Australian National Drought Map, 2022) 

http://www.bom.gov.au/water/landscape/#/sm/Actual/day/-28.4/130.4/3/Point ////2020/3/16/
http://www.bom.gov.au/water/landscape/#/sm/Actual/day/-28.4/130.4/3/Point ////2020/3/16/
https://farmhub.org.au/
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Socio-economic 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.  

FIGURE 1.8.10 (A): FARMER CONCENTRATION AND (B): DROUGHT RELIEF PAYMENTS TO FARMERS 
(Source: Australian National Drought Map, 2022) 

See Figure 1.8.10 (a) for number of farmers per district and Figure 1.8.10 (b) for drought 

relief support per district. Figure 1.8.11 (a) illustrates # of farmers that receive drought relief 

per district while Figure 18.11 (b) illustrates the # of farm workers affected by drought. 

FIGURE 1.8.11  (A): # FARMERS RECEIVED DROUGHT RELIEF (B) # OF 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 best-case 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 Events (drought is not considered a disaster in Australia ï rather an extreme 

event with extreme impacts) 

a. Financial year bushfire boundaries 

iv. Drought communication program 

a. Drought communitiesô program eligible councils 

v. Farm Businesses 

a. Farm management deposits 

i. Industry holdings per state and territory 

ii.  National holdings 

iii.  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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d. Farm household case officers 

e. Private boarding schools 

f. Public boarding schools 

vii.  Health 

a. General practitioners 

b. Headspace centres 

c. Medicare benefits schedule mental health data 

d. Medicare offices 

e. Primary health networks 

f. Primary health networks mental health data 

g. Psychologists 

h. Rural adversity mental health program 

i. Social workers 

viii.  National Boundaries 

a. ASGS remoteness area (2011, 2016,2018, 2020, 2022) 

b. Australian drainage divisions 

c. CDP regions 

d. Commonwealth electoral divisions (2011, 2016, 2019, 2022) 

e. Local government areas (2011, 2017, 2018, 2019, 2020, 2022) 

f. Natural resource management areas 

g. Postal areas (2011, 2016, 2018, 2020, 2022) 

h. State electoral divisions  

i. State suburbs 

j. State and territories 

k. Tourism regions 

ix. National Drought and Flood Agency 

a. National drought and flood recovery regions 

x. NSW Combined Drought Indicator 

xi. Queensland Drought Declarations 

a. Shires fully drought declared 

b. Shires partly drought declared 

xii.  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 pixels ï 16-day composite 

e. 25m pixels ï daily 

f. Multi sensor blended ï daily 

xiv. Social and Economic 

a. Aboriginal and Torres Strait Islander people 

b. Age profile 

c. Average household size 

d. Business entry active exit 

e. Dwellings with internet connection 

f. Employed persons 

g. Estimated residence population 

h. Household stress 

i. Industry of employment 

j. Insolvencies 

k. Labour force participation 

l. Own unincorporated business income 

m. Personal income 

n. Population projections 

o. Selected pensions or allowances 

p. Single parent families 

q. Socio-economic disadvantage 

r. Unemployment rate 

s. Vocational or higher education qualifications 

t. Young people earning or learning 

u. Youth unemployment rate 

xv. Bureau of Meteorology ï Historical Rainfall and Temperature 
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a. Monthly rainfall, 1910 ï 2022 

b. Annual rainfall, 1910 ï 2022 

c. Monthly minimum temperature, 1910 ï 2022 

d. Monthly maximum temperature, 1910 ï 2022 

e. Annual minimum temperature, 1910 ï 2022 

f. Annual maximum temperature, 1910 ï 2022 

xvi. Vegetation cover 

a. Vegetation fractional cover: PV, NPV, BS ï monthly 

b. Total vegetation cover: PV + NPV ï monthly 

c. Vegetation cover anomaly ï monthly 

d. Vegetation cover ï deciles 

xvii.  Place names 

The Australian drought map is interactive and it is possible to zoom to the meso- and in most 

cases, to the micro-level.  

1.8.3 Conclusion 

The examples of Australia and USA is extremely valuable, it is interactive and simple to 

understand. Without re-designing 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 drought indicators 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 uniqueness of hazards requires alternative 

management strategies. For example, managing fast onset hazards such as floods compared 

to slow-onset hazards such as drought. Flooding, for example, is expected during the rainy 

season and high precipitation. On the other hand, drought is experienced throughout the year 

at different geographic locations.  
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Comparing drought between climate zones and different systems is very difficult (Hisdal et 

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 South Africa rely mostly 

on meteorological, vegetative and hydrological indicators, but that alone is insufficient for 

proper drought monitoring and classification. Gerber (2022) reported that the Department of 

Agriculture in the Northern Cape has already adjusted indicator thresholds unique to the arid 

Northern Cape.  

The objective 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 farmers 

and the agricultural sector to prepare and increase resilience to potential water shortages, 

production losses and food shortages. Drought 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, environment) is required 

to understand the different drought classes (Wilhite et al., 1997; Du Pisani, Fouche & Venter, 

1998; Wilhite, 2000; Wisner et al., 2004, Jordaan, 2011). 

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: D0 to D4, where D0 is a dry period, and D4 is an extraordinary 

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 currently monitored by the SAWS, ARC, DWSWS and other 

organisations. Secondary indicators are farm-level 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 in near-real-time from the 

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 system is required. We 

intend to facilitate such a process during this research. 

Drought-related 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 according to water 

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 quaternary catchments, 

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 drought-related data and 

indices for improved drought early warnings. The US Drought Monitor and the Australian 

Drought Map are best-case 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 products for drought monitoring. 

Secondly, this research should develop a ground-truth system for the extensive livestock 

sector that validates the remotely sensed results.  

Drought-related 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 drought's economic, 

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 

2.1 Introduction 

Drought is only understood when we understand the impacts of drought. Drought affects all 

sections of society, business, government, 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, but population 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 groundwater levels, 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, health impacts, 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 local-level drought monitor system is needed.  
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2.2 Why farm-level drought indicators 

The South Africa Weather Service (SAWS) provides impact-based 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. For example, 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 good quality grapes while rainfall damages 

grapes.  

One should also interpret indicators such as the SPI with consideration of the different sectors. 

For example, the 3-month SPI of -1,5 during the rainy season might have a disastrous impact 

on rainfed crop production, while it might have a minimal effect on livestock farming. On the 

other hand, the 12-month, 24-month and 36-month 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 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 and growing season of different crops and grazing on livestock farms 

with the classification of drought; therefore, the use of farm-level indicators to ground-truth 

the impact of a dry period. Therefore, the use of standardised indicators without the 

consideration of sector-specific 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 actual farm-level 

situation. For example, over-grazing and wildfires might send false signals 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 agricultural impacts 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 social effects 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 systems. 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 outcomes, such as farm incomes (Nelson et al., 2007; Hughes et al., 2022). 

2.3 Farm-level and Drought Impact Indicators 

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 weather and remotely 

sensed data only. Therefore, the importance of developing a system of farm-level monitoring. 

Farm-level 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 sophisticated 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 early signs of 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.  

2.3.1 Drought Indicators Based on Indigenous Knowledge 

Zuma-Netshiukhwi et al. (2013) define ñtraditional predictionò as ñenvironmental indicators 

that are locally used to read its signs and then to interpret the weather or climate conditionsò. 

Initially, scientists were sceptical about the value of traditional prediction, 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 



  

129 

 

Chapter 2: Farm-level Indicators 

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: 

¶ Snakes moving the same direction - drought when they move downhill and rain when 

they move uphill 

¶ Bees flying in a specific direction ï drought 

¶ Frogs making much noise in the afternoon ï rain 

¶ Horses are jumping playfully ï rain. 

¶ A kaleidoscope of butterflies flying together ï a good season. 

¶ Army of locusts moving in the same direction ï drought. 

¶ Lower than usual lamb percentages amongst sheep ï drought expected 

¶ Large swarms of locusts ï drought 

Commercial livestock farmers in South Africa agreed with the findings of Jordaan et al. (2017) 

among communal farmers. They add the following: 

¶ Increased number of whirlwinds 

¶ Height of finchôs nests in willow trees; High ï expect a rainy season; Low ï expect 

drought. 

Chisadza et al. (2013), Kagunyu et al. (2016), 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 before normal times 

¶ Sound and movement of birds 
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¶ Specific patterns in the stars 

¶ 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 signals. That way, good 

managers' environmental awareness might be able to develop farm-specific early warning 

signs. The challenge remains that the traditional and natural prediction signs indicate pending 

droughts or the beginning of a drought. No research has been done to link natural (traditional) 

drought predicters to a drought classification system, which is the core of the national drought 

plan.   

2.3.2 Rangeland vegetation 

Extensive livestock farmers depend upon the production of rangeland vegetation to feed free-

ranging livestock. In actual fact, livestock farmerôs approach should be to market forage 

produced on the farm through livestock. When following such an approach, the farmer 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 farm. When planning for drought, the importance 

of rangeland vegetation became obvious. Therefore, farmers need to understand the 

interactions between soil, plant and animals and its socio-economic 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, which then exacerbates 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 production is reduced 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 the plantôs morphological, physiological, biochemical and 

molecular attributes, adversely impacting photosynthetic capacity. Some plants cope better 

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 that plant drought resistance is a 

meaningless term since drought measurements have no linear effect on plants. Measurements 

for drought intensity, according to them, could be water potential (-MPa), water deficit (MM) 

or soil water content (g/g, cm3/cm3, %). They further concluded that plant water reserves are 

trivial compared to the environmentôs demand and that all plants are incapable of resisting 

drought. In defence, it is also true that plants vary in tolerance to the intensity and duration of 

drought (Snyman & 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 growth to cope with 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 

¶ Dwarf plants 

¶ Early maturity 

¶ Leaf area reduction 

¶ Leaf extension limited 

¶ Leaf rolling 

¶ Stomatal position 

¶ Leaf waxiness 

¶ Leaf hairs 

¶ Leaf moment 

¶ Leaf angle 

¶ Leaf orientation 

¶ Small leaf size 

¶ Less leaves 

¶ Leaf longevity reduction 

¶ High root to shoot ratio 

¶ Reduction in shoot length 

¶ Reduction in plant height 

 ¶ Closure of stomata 

¶ Photosynthesis stops 

¶ Oxidative stress increase 

¶ Cell wall integrity changes 

¶ Reduction in leaf water potential 

¶ Decrease in stomatal 
conductance 

¶ Internal CO2 reduction 

¶ Growth stops 

¶ Decrease in transpiration rate 

¶ Enhance WUE 

¶ Reduction in RWC 

¶ High proline accumulation 

¶ Translocation ceases 

¶ Assimilation stops  

¶ Capillary moment ceased 

¶ Guard cells activated 

¶ Internal temp increases 

 ¶ Rubisco efficiency ceased 

¶ Photochemical efficiency 
declined 

¶ ROS production 

¶ Oxidative damage 

¶ Antioxidant defense 

¶ ABA generation 

¶ Chlorophyl contents 
decreased 

¶ High proline accumulation 

¶ Polyamine generation 

¶ Antioxidative enzymes 
increases 

¶ Carbohydrate production 

¶ ABA accumulation 

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 prominent concept in ecosystem ecology 

and, more recently, as a conceptual framework for understanding and managing complex 

social-ecological systems (Vetter, 2009). Ensuring drought resilience is, therefore, a complex 

challenge involving not only drought-resistant plants but also their management.  

Figure 2.3.1 clearly illustrates the influence of rangeland management on the effectiveness of 

precipitation. Over-grazing can cause drought-like conditions even with average precipitation. 

Snyman & Fouche (1991), after 12 years of research on the impact of veld condition on run-

off and water-use efficiency, concluded that veld condition, rather than rainfall appeared to be 

more important for controlling run-off and water-use efficiency.  

 
FIGURE 2.3.1: DROUGHT IMPACT CYCLE FOR EXTENSIVE LIVESTOCK FARMERS 
Source: Illustration by Jordaan 
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Although rangelands are adversely affected by drought regardless of condition, over-grazed 

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 (Howery, 1999): 

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. deep-, medium- and shallow-rooted plants). This 

increases opportunities for plant communities to exploit the various soil moisture and 

temperature regimes across arid and semi-arid 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 

land. The phrase ñintensity of grazingò refers to the number of animals and duration of grazing 

on a particular piece of land, in other words, the stocking rate.  

ñFrequency of grazingò refers to the number of times 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 continuously have 

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 (man-made) droughts even during normal precipitation. 

ñTiming of grazingò deals with the time of 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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2.3.3 Water ς 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, clean drinking water is 

essential to keep an animalôs internal body temperature within normal limits. Water 

temperature affects rumen temperature and, thus, blood temperature, which affects brain 

centres that control feed consumption (USNDMC, 2022). Water quality is also 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 

(UCDavis, 2022): 

¶ High Nitrogen content (nitrates and nitrites). 

¶ High concentrations of minerals (excess salinity). 

¶ Bacterial contamination. 

¶ Heavy blue-green algae growth. 

¶ Accidental spills of petroleum pesticides and fertilisers. 

Water consumption of livestock increases with higher water temperatures. For example, as 

water temperature increases from 21OC to 35 OC, water requirements for animals will increase 

2.5 times. The amount of water livestock needs depends on the animal type and production 

stage. For example, the daily water intake of beef cattle when the temperature is 35OC is 

approximately as follows: 

¶ Cows ï 68 litres for nursing calves; 58 litres for bred dry cows and heifers 

¶ Bulls ï 76 litres 

¶ Growing cattle ï 36 litres for 181 kg animal; 48 litres for a 272 kg animal; 57 litres 

for a 363 kg animal 

¶ Finishing cattle ï 54 litres for a 272 kg animal; 66 litres for a 363 kg animal; 78 litres 

for a 454 kg animal; 91 litres for 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 areas, and water 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 own farm-specific 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 

¶ Reliability of groundwater sources 

2.3.1.1 Surface water in the Northern Cape (NC) 

The water storage capacity in the NC is 147.3 million m3, with 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 no visible 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 handful of farms having small farm dams. Therefore, 

reporting on surface water is not as important as groundwater reporting. 
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2.3.1.2 Groundwater in the Northern Cape 

The limited number of water 

resources in the Northern Cape has 

resulted in increased emphasis being 

placed on groundwater. 

Groundwater supply of acceptable 

quantity and quality is the lifeline of 

most of the livestock farms in the 

NC. Groundwater is defined as 

water found in the subsurface in the 

saturated zone below the water table 

and includes all water occurring in 

the saturated zone. Groundwater is 

present at different depths 

everywhere in the NC (See Figure 2.3.2). The water table may rise or fall depending on 

drought, heavy rains or over-abstraction 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 water from aquifers. 

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 on the regional 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 shortages 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 short-term rainfall distribution than 

annual total rainfall, especially in semi-arid regions (Eilers et al., 2007). Therefore, an extended 

period of medium-intensity rainfall is more likely to lead to significant recharge than either a 

period of high-intensity rainfall, which leads to increased runoff or a period of low-intensity 

rainfall, most of which will evaporate.  

FIGURE 2.3.2: AQUIFER DEPTHS IN THE NC 
Source: Dennis, 2011 
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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 deterioration with a drop in water 

levels over time as the salt load will concentrate. DART stands for: 

¶ D ï Depth to water level change 

¶ A ï Aquifer type 

¶ R ï Recharge 

¶ T ï Transmissivity 

D ï depth to water level change 

 

 

 

 

 

 

 

 

Dennis (2007) calculated water level change for different drought scenarios following the 

relationship between water level, recharge and storage coefficient: 

DWater level = 
 

 

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 map in Figure 2.3.3 

FIGURE 2.3.3: DEPTH TO WATER LEVEL CHANGE 
Source: Dennis, 2011 
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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. 

A ï 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 Table 2.3.2. 

TABLE 2.3.2: AQUIFER TYPE 

Aquifer type Storativity 

Fractured 0.001 

Fractured & Intergranular 0.005 

Karst 0.01 

Intergranular 0.1 

 

 

 

 

 

 

 

 

R - Recharge  

The relationship clearly shows that the recharge is the driving force of the water level since the 

storage coefficient is a static parameter. 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. 

 

FIGURE 2.3.4: AQUIFER STORAGE COEFFICIENT 
Source: Dennis, 2011 
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T - Transmissivity 

 

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 factor of five. This led to 

transmissivities in the range of 0.25 ï 25m3/d. 

FIGURE 2.3.5: RECHARGE 
Source: Dennis, 2011 

FIGURE 2.3.6: TRANSMISSIVITY 
Source: Dennis, 2011 
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DART result  

Table 2.3.3 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 and climate 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 0 ï 0.1 0 - 10 0 - 10 0 - 10 0 - 25 0 - 10 

Rating =(2*Range = 10 Rating = 100*Range Rating = Range Rating = 0.4 Range 

The DART index indicates relatively good resilience against drought with most values six to 

seven. Small areas north of Kuruman shows a higher index of eight.  

The groundwater risk assessment concluded that groundwater withdrawals as a fraction of total 

water withdrawal might increase where surface water become scarcer.  

 

 

 

 

 

 

 

The Council of Geo-Sciences (2011) also develop a groundwater vulnerability map (Figure 

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 Table 2.3.4.  

FIGURE 2.3.7: DART INDEX 
Source: Dennis 
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TABLE 2.3.4. PARAMETERS & WEIGHTS 

Parameter Weight 

Depth to groundwater 5 

Recharge 4 

Aquifer media 3 

Soil media 2 

Topography 1 

Impact of vadose zone 5 

Hydraulic conductivity 3 

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. Many livestock 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 over-withdraw water from groundwater aquifers. The principle is 

similar to over-grazing. Farmers who over-withdraw water from groundwater aquifers might 

experience normal dry periods as droughts with low groundwater levels. 

FIGURE 2.3.8: GROUNDWATER VULNERABILITY 
Source: Council of Geo-Sciences, 2011 
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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.  

2.3.4 Soil 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 moisture is the water in the upper 10 cm of soil. 

In contrast, root zone soil moisture is the water available to plantsðgenerally 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 eastern parts of SA, while it 

represents normal soils in the Northern Cape. Interpreting soil moisture data requires assessing 

and maintaining a range of other ñmetadata,ò, particularly soil characteristics. It also means 

that more than one unit of measure may be needed to adequately describe conditions, including 

not only ñvolumetric waterò (the volume of water present) but also anomalies, daily ranking 

percentages, etc. The importance interaction of soil moisture with vegetative growth is already 

discussed in 3.2. 

2.3.5 Social 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 businesses, increased 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 distances to collect water and overload on service providers. 

In addition, drought impacts are gender-specific, 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 member to seek alternative 

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 US and Brazil 

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 social, cultural 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 health. Figure 2.3.9 illustrates the mental health outcomes of the economic effects 

of drought. 

 
FIGURE 2.3.9: 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, suicide. 
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The migratory effects of drought on mental health are illustrated in Figure 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 and social structures and eventually to anxiety, 

depression and potential suicide.  

 
FIGURE 2.3.10: MIGRATORY EFFECTS OF DROUGHT UPON MENTAL HEALTH 
Source: Vins et al, 2015 

The mental health outcomes related to the environmental degradation of a household is 

illustrated in Figure 2.3.11.  
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FIGURE 2.3.11: MENTAL HEALTH OUTCOMES RELATED TO THE ENVIRONMENTAL DEGRADATION OF A HOUSEHOLD 
Source: Vins et al, 2015 

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 Coping mechanisms 
¶ Rural & remote populations 

¶ Farming & agricultural dependent 
population 

¶ Indigenous populations 

¶ Perceived stigma associated with 
mental health issues 

¶ Lack of knowledge surrounding 
mental health issues 

¶ Lack of knowledge regarding 
availability of mental health 
support 

¶ Previous mental health issues or 
adverse life events 

¶ Exposure to an extended period 
of more intense or severe 
drought 

¶ Social support, social capital and 
sense of community belonging 

¶ Shared knowledge and 
community preparedness 
regarding availability and access 
to services 

¶ Mental health literacy 

¶ Government assistance and 
initiatives available 

¶ Employing practical solutions & 
active methods, including 
planning for the future 

¶ Psychological methods, including 
positive thinking, acceptance & 
reframing of the problem 

¶ Utilising social support and 
talking about the problem 

¶ Distracting oneself from the 
problem 

¶ Taking a break 

¶ Turning to religion 

¶ Alcohol and substance use 

¶ Denial and avoidance of the 
problem 
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Factors with the highest publication scores are: 

¶ Employment and financial constraints 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 oneôs environment (7); 

¶ environmental degradation of oneôs home (7); 

¶ 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); 

¶ humiliation or shame (3) 

The causal processes for mental health outcomes to drought is illustrated in diagram, Figure 

2.3.12. 
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FIGURE 2.3.12: CAUSAL PROCESSES DIAGRAM FOR MENTAL HEALTH OUTCOMES OF DROUGHT 
Source: Vins et al, 2015 

2.3.6 Economic 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 impacts range from 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 disruptions in energy 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; ecosystems impact 

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 government established 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 2017/2018 droughts.  

The committee reported far-reaching 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 characterised the 

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 even under good scenarios, 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%, and table 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 production during the 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 in the Northern Cape 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, which increased 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 2016 as a result of the 2015/2016 drought. Table 2.3.6 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 size % decline Cattle Sheep: Ave herd size Sheep: % decline 

Limpopo 322 -32.2% 333 -34.5% 

North West 1087 -17.7% 685 -15.5% 

KwaZulu-Natal 1042 -5% 1752 -1% 

Free State 544 -16.9% 2197 -3.5% 

Northern Cape 256 -33% 2408 -26.7% 

Western Cape 176 -4.3% 2433 -6.8% 

Eastern Cape 540 -8.2% 2612 -13.8% 

Total Ave 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. KwaZulu-Natal reported a decline in numbers of only 5% for cattle and 1% for 

sheep implying that livestock mortalities in KwaZulu-Natal reported in other reports mainly 

come from the smallholder sector ï the same author reported deaths of 40 000 cattle in KZN 

in 2015 (Mare & Willemse, 2016). The Free State and Eastern Cape, 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 also the largest exporter 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, eggs and chicken 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 the entire 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 publications linked to specific 
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drought impacts. The causal diagrams developed by Vins et al. (2015) illustrate the link 

between economic and social impacts. 

 
FIGURE 2.3.13: DIRECT ECONOMIC EFFECTS OF DROUGHT 
Source Vins et al, 2015. 

The direct economic effects are illustrated in Figure 2.3.13 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 

¶ decreased availability and access to food 

The intermediary factors of economic pathways are illustrated in Figure 3.14. The link between 

to social impact of drought and the economic impact is clearly illustrated in the diagram in 

Figure 2.3.14.  
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FIGURE 2.3.14: INTERMEDIARY FACTORS OF ECONOMIC PATHWAY 
Source Vins et al, 2015 

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 

¶ 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. 

2.4.1 D0 drought 

The D0 drought is a short dry period, which might be temporary, or it may indicate the start of 

a prolonged and more severe drought. This type of drought is typically the 1 in the 3-year dry 

period. Farm-level characteristics are the following: 

¶ Short-term 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 

¶ Short-term weather forecasts indicate hot and dry days 

2.4.2 D1 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 drought, but they should be 

prepared for a progression of drought under El Nino conditions with a seasonal forecast of 

below-average rainfall. Characteristics of the D1 drought are the following: 

¶ Daily evapotranspiration has exceeded precipitation for a number of several days 

¶ Grazing conditions deteriorating 

¶ Blades of grass remain curled throughout the day, and the blue-grey tint of the sward 

is peppered with tan-coloured leaf tips and new growth that has withered at the soil 

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 

2.4.3 D2 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 characteristics of this drought are the 

following: 

¶ Daily evapotranspiration has exceeded precipitation for several several weeks 

¶ Grazing conditions deteriorating 

¶ Forage growth has slowed dramatically and has stopped in areas with poor-quality 

soil 

¶ 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 high-fire alerts 

2.4.4 D3 drought 

The D3 drought 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 D3 drought is 

characterised as follows: 

¶ Daily evapotranspiration has exceeded precipitation for several weeks 

¶ Extremely hot conditions compare to the long-term 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 at agri-businesses and cooperatives 

¶ Farmers stop with capital expenditures 

¶ Negative impact on the regional economy 

¶ Labour retrenchments in some places 
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¶ Regular high-fire alerts 

 

2.4.5 D4 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 changes in the structure 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 sector are the following: 

¶ Daily evapotranspiration has exceeded precipitation for several months 

¶ Scorching conditions compare to the long-term mean temperature 

¶ Exceptional and widespread pasture losses 

¶ Grazing totally deteriorated 

¶ The remaining leaves of grass stay tightly curled throughout the day and are almost 

completely tan-coloured 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 

¶ 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 

¶ Increase in farmer bankruptcy applications 

2.5 Model for drought determination 

We developed a draft model for illustrative purposes to explain to farmers what the farm-level 

information might look like. The framework to be developed as part of deliverable four is based 

on the draft model presented here. We categorise the farm-level drought indicators as shown 

in Table 2.5.1.  

TABLE 2.5.1. INDICATOR GROUPING AND NO. INDICATORS 

No Indicator group  No of indicators 

1 Meteorological / weather 3 

2 Grazing and fodder data 6 

3 Animals 10 

4 Water 4 

5 Soil 4 

6 Social 8 

7 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 calculate the total 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 = В ὥύ 

Where  

¶ n = number of indicator scores 

¶ ai = score for individual indicator 

¶ wi = weight for individual indicator 

and  

Drought score = В ὛὖὍȟὠὩὫȟὓȟὖȟὃȟὡὥὸȟὛȟὛέὧȟὉὡὲ 

Where: 

¶ SPI = SPI derived index score 

¶ Veg = Remotely sensed derived vegetation score 

¶ M = On-farm derived score for meteorological indicators 

¶ P = On-farm derived score for pastures and fodder 

¶ A = On-farm derived score for animals 

¶ Wat = On-farm derived score for water 

¶ S = On-farm derived score for soil 

¶ Soc = Derived score for social indicators 

¶ E = Derived score for economic indicators 

Each of the indicators are classified according the different drought classes with a 

corresponding score as follows: 

¶ D0 drought ï 5 

¶ D1 drought ï 15 

¶ D2 drought ï 40 

¶ D3 drought ï 80 

¶ D4 drought ï 100 
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The following sections show the different indicators for each indicator group. Tables 2.5.2 to 

2.5.7 are screenshots taken from the model in Xcel. 

 

2.5.1 Meteorological indicators from SAWS ς SPI 

The template for the SPI scores are shown in Table 2.5.2. Note that consideration is given to 

different SPI time periods and exacerbating factors are also considered. 

TABLE 2.5.2. SPI SCORING TEMPLATE 

 

2.5.2 Remotely sensed: Vegetation, soil & hydrological 

The template for the remotely sensed data is shown in Table 2.5.3. 

TABLE 2.5.3. SCORING TEMPLATE FOR REMOTELY SENSED DATA 
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2.5.3 Meteorological / weather (on-farm) 

The SPI is the primary indicator provided by the SAWS, ARC and SANSA. Rainfall data from 

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 farm- or catchment-level 

data: 

¶ Rainfall 

¶ Temperature as a deviation from the long term average 

¶ Cloud cover 

¶ Whirlwinds 

The example template is shown in Table 2.5.4. 

TABLE 2.5.4. METEOROLOGICAL DATA 
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2.5.4 Grazing / 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: 

¶ Plants wilted more than normal 

¶ Grazing capacity loss 

¶ Production loss 

¶ More reserve feed and fodder used 

¶ Additional licks provided 

¶ Additional feed and fodder purchased 

TABLE 2.5.5. GRAZING AND FODDER DATA 
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2.5.5 Animals 

Animal behaviour and condition provide excellent indicators for drought classification. The 

animal indicators are sub-divided into three sub-sections as follows: 

¶ Condition and productivity 

o Animal condition loss 

o Number of animals kraal feeding as a result of drought 

o Less wool yield 

o Less weight of progeny at weaning 

¶ 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 

¶ Animal progeny and mortality 

o Less progeny 

o Increased mortalities of older animals 

o Increased mortality of young animals 

The reporting template for animals is shown in Table 2.5.6. 

 

 

 

TABLE 2.5.6. ANIMAL DATA 
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2.5.6 Water 

Almost all livestock farmers in the NC depend on groundwater as the primary water resource. 

Groundwater is affected only during D3 and D4 droughts. The water indicators proposed for 

drought monitoring are: 

¶ Groundwater levels 

¶ Dam levels 

¶ Rivers and streams 

¶ Water availability to animals 

See Table 2.5.7 for the Xcel model. 
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TABLE 2.5.7. WATER DATA 

 

2.5.7 Soil 

Soil moisture determines vegetation growth and the interaction between soil moisture and 

vegetation growth is explained in Figure 3.1. The template for soil moisture scoring is shown 

in Table 2.5.8. 

TABLE 2.5.8. TEMPLATE FOR SOIL SCORING 

 

2.5.8 Social 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 identified to measure the impact 

of drought on the social environment are the following: 

¶ Higher stress levels 

¶ Cancellation of family holidays 

¶ Labour retrenchments 

¶ Struggle to pay childrenôs school fees 

¶ Stress in family relations 
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¶ Withdraw from social events 

¶ Reduce social involvement in the community 

¶ Consider suicide 

The Xcel proforma is illustrated in Table 2.5.9. 

TABLE 2.5.9. SOCIAL IMPACT SCORING 

 

2.5.9 Economic indicators 

The ultimate impact of drought is on the region's finances 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 are the 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 off-farm assets (holiday homes) 

¶ Farmers stop buying new vehicles 

¶ Businesses in local towns are suffering financially 
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The reporting template for the economic indicators is shown in Table 2.5.10. 

 

 

 
TABLE 2.5.10. ECONOMIC IMPACT SCORING 

 

2.5.10 Chapter conclusion 

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 current model is arbitrary allocated after 

discussions with experts. More research is required to fine-tune the model and we plan to 

submit a more robust model as part of the drought reporting  

2.6 Information flow 

This section provides a concept proposal on how the system should operate. Figure 6.1 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, SANSA and other sources. This information is then supplemented with 

information from reference farms or local entities reporting on farm-level social and economic 

drought indicators. The information is then combined, geo-referenced and analysed by the 

Drought Monitor Unit, which provides the drought class for each quaternary catchment.  
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FIGURE 2.6.1: PROPOSED INSTITUTIONAL STRUCTURE FOR A DROUGHT INFORMATION AND COMMUNICATION SYSTEM 

Reference farmers will report through a web-based 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 template is illustrated in Table 2.6.1. 

 

 

DMU as sub program 

within NDMC and PDMC 

NDMC

PDMC PDMC X 9

DMDMC MetroDMC DMDMC

DJDCC DJDCC

Local 
Municipality

Reference 
Farms

Reference 
entity

WUO Ref Farms

DJDCC Metro JDCC

DMDMC MetroDMC

Nat Gov Depts. 
DEFF, DARDLR, 

DHSWS,

NJDCC

PJDCC

SAWS, ARC, 
SANSA, CSIR, 

Other

National Technical 
Task Teams 

 

Prov. Technical 
Task Teams 

 

NDMU 

PDMU 

              Reporting and information flow 
               Information / data flow  
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TABLE 2.6.1. PROPOSED REPORTING TEMPLATE 

 Actual N-
50% 

N-
30% 

N-
15% 

Normal N+15% N+25% 

Rainfall  X      

Temp/evapotransp.   X     

Veld condition    X    

Animal condition    X    

Dam & stream levels   X     

Groundwater levels     X   

Planting conditions  X      

Crop condition   X     

Yield potential    X    

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 farm-level 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 farmers are willing to 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 based on 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 2023 with 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 indicated their support 

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 and fine-tune 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 and farmers. However, 

extension officers and disaster management staff will find the program useful for future 

quantitative drought classification and limit the qualitative assessment of droughts. 
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Chapter 3: Framework for Web-based 
Reporting 

3.1 Introduction 

Inculcating a culture of drought adaptation to drought-resistant strategies requires acquiring 

and sharing reliable, relevant and credible information. The information must be up-to-date 

and in a format ready for decision-making. Such information is pertinent to implementing 

drought risk reduction strategies. Therefore, information and communication are crucial 

elements of risk reduction strategies. The Sendai Framework for Disaster Risk Reduction 

(SFDRR), the Sustainable Development Goals (SDGs) and the Paris Agreement on Climate 

Change (COP21) highlighted the importance of early warning and risk assessments through 

information and communication systems (UNISDR 2015; UNFCC 2015; UNDP 2015). The 

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 data-driven and require information and 

communication to achieve them. Disaster Managers argue that the government must lead in 

managing data and information for national risk reduction priorities (Jones, Wynn, Hillier, & 

Comfort, 2017). As such, drought mitigation and prevention in South Africa contributes to 

fulfilling the 2030 global goals by exploring the benefits of information management and 

communication systems (IMCS).  

The main objective of this chapter is to provide a framework 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 Cape. In support of the main 

objective, the framework (i) identify and propose the combination of current drought 

information systems into an integrated system that can serve all stakeholders in the province, 

(ii) identify information products required for early warning and informed drought risk 

management, (iii) identify the drought information and data requirements for the drought 

information products, and, (iv) recommend an integrated and interoperable system that allows 
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for information collection, information and data sharing and analysis for effective drought risk 

reduction and response.  
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3.2 Drought Information Management and Communication 

3.2.1 Introduction 

The main objective of a DICMS is to provide 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 assessments 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 discusses the data and 

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 primary sources of 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. 

3.2.2 Characteristics of the Drought Information and Communication 
Management System (DICMS) 

The DICMS should communicate drought forecasts, drought conditions, and drought impacts 

on an ongoing basis ï preferably in real-time - to decision-makers in the government and the 

private sector at all levels of governance and the public. Such a system should engender better 

informed and timely decisions, leading to better preparedness and reduced impacts and costs 

due to drought. The DICM should include geo-referenced, timely (where possible real-time) 

data, information, and products that reflect local, regional, 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 real-time drought, climate, weather and related information on 

interactive maps 

ii.  Spatially related real-time drought, climate, weather and associated data in table format 

iii.  Spatially related historical drought information and data 

iv. Data-driven visualisation of drought-related 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 sector-specific indicators required for sector-

specific decision-making.  

3.2.3 Understanding Information and Communication Management 

The application technology allows real-time drought monitoring and ground-truth mechanisms 

through a web-based reporting and processing system. Up-to-date, geo-referenced information 

and drought analysis reports and projections should be available as open-source information to 

all sectors of society. Cheung & Lee (2007) define a Web-based Information System (WIS) as 

computer applications constructed using Internet Web technologies to deliver user information 

and services. The primary purpose of such multimedia technology and software systems is to 

publish and maintain data through the use of hypertext-based methods. Using todayôs fast 

broadband connections, users can stream content to a computer, cellphone, television etc. The 

most important indicator for a successful WIS is ñuser satisfactionò, an indicator the proposed 

system should consider.  

The National Disaster Management Framework (NDMF) (2005) defines Information 

Management and Communication System (IMCS) as ñéa system that enables the receipt, 

analysis, storage, dissemination and exchange of information in support of integrated disaster 
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risk management.ò Ultimately, the purpose of such a system is to target primary interest groups 

for them to make informed decisions. Furthermore, Geographical Information Systems (GIS) 

that display applications and multimedia communication capabilities should be an integral 

system element. Any system comprises people, hardware, software programs, and procedures 

to collect, process, transmit and disseminate data and information (Demiryurek, Erdem, 

Ceyhan, Atasever, & Uysal, 2008). Eventually, the processing and programming of data and 

information occur when people understand and analyse the data and information.  

The requirement to differentiate between Information Technology and Information Systems is 

of crucial importance. IMCS is technology-based and supported by numerous other processes. 

The distinction is shown by Florida Tech (2020) and Juneja (2019), who demonstrated that 

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 entirely depend on Information Technology such as computers, computer programs, 

apps and other technological devices or programs. Therefore, 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 in Figure 3.2.1 (Jordaan & Kunguma, 2020). 
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FIGURE 3.2.1: 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 the following major elements: 

i. Operational staff 

ii.  Computer hardware, inclusive displays 

iii.  Software 

iv. Input data 
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