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Abstract: The variety of natural indicators, associated with weather forecasting and 

climate prediction, as used by farmers in the South-Western Free State province of South 

Africa, is described. Most farmers in this area were not familiar with the application of 

weather forecasts/climate predictions for agricultural production, or with other science-based 

agrometeorological products. They relied almost fully on their experience and traditional 

knowledge for farming decision making. The indicators for traditional knowledge are 

demonstrated here in broad terms, relying on the stories and indications from observations 

and years of experience of their use by the farmers. These means of engagement with the 

natural environment, are skills not well understood by most scientists, but useful to the 

farmers. They range from the constellation of stars, animal behavior, cloud cover and type, 

blossoming of certain indigenous trees, appearance and disappearance of reptiles, to 

migration of bird species and many others. It is suggested that some short-term traditional 

forecasts/predictions may be successfully merged with science-based climate predictions. 

The traditional knowledge and its use, reported on in this paper, is what scientists learned 

from farmers. Berkes was right that scholars have wasted too much time and effort on a 
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science versus traditional knowledge debate; we should reframe it instead as a science and 

traditional knowledge dialogue and partnership. The complications of a changing climate 

make this even more necessary. 

Keywords: farmer traditional knowledge; agrometeorological learning; weather/climate 

forecasts/predictions; science-based agrometeorological advisories/services 

 

1. Introduction 

1.1. General 

Scientists and local traditional farmers use different methods to forecast weather conditions and 

predict a likely behavior of climate in the planting season. Agrometeorologists have, in the past few 

decades, developed different types of science-based knowledge, to better cope with climate variability, 

but, operationally, this leaves for farmers much to be desired. On the other hand, traditional farmers 

use observations of nature as guidance for agricultural activities to be undertaken. This paper aims at 

documenting traditional indicators and their application in agricultural decision-making. In the  

south-western Free State province of South Africa, the use of traditional weather/climate knowledge is 

still prominent for resource-poor farmers, but less common for commercial farmers [1]. Resource poor 

farmers are defined here as subsistence farmers without sufficient resources and access to such resources 

for an acceptable living from farming. Commercial farmers are farmers that earn an acceptable living 

from trading farm products. 

The objective of this paper is to highlight and document natural indicators in indigenous knowledge 

used by these farmers to forecast weather phenomena, predict seasonal climate behavior, and use them 

in their decisions on agricultural activities. This study’s purpose also was to make some 

agrometeorological advisories and services accessible to resource poor as well as commercial farmers 

within the study area, and to observe qualitatively improvements in production [1]. 

Agricultural production in the South-Western Free State is both under irrigation (for a relatively 

small area) and as dry rainfed agro-ecosystems. The study area is characterized as a semi-arid area, 

which certainly explains its unpredictable and inconsistent rainfall at any time throughout the year. 

There is a growing interest from scientists to create platforms in such areas, for sharing and 

exchanging of knowledge between advisors in and service providers for agricultural decision making 

and end users such as farmers, particularly covering their present vulnerabilities. In [2], an example in 

agrometeorological learning tells how some scientists in Indonesia regularly meet farmers to jointly 

address questions related to such vulnerabilities  

In our case study presented here, such meetings preceded the introduction of these farmers to 

applied agrometeorological and other science-based knowledge for improved agricultural decision 

making [1]. Because of principal differences in scientific derivation and use, we apply the word 

“forecast” for short term weather conditions, of not more than one week, and the word “prediction” for 

(in our case utmost seasonal) climate conditions. 
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Traditional knowledge is explained as the knowledge of a group or a community from a particular 

area, based on their environmental understanding, interacting with nature and experiences within their 

area [3,4]. In our research, emphasis has been on what scientists learned from this traditional 

knowledge. What farmers learned is discussed, but was only qualitatively assessed. How successfully 

they used which science-based knowledge, and how, must be parts of follow-up research. Quite some 

traditional climate indicators suffer from climate change, as they were based on no longer existing 

climate behavior, for example related to temperatures and rainfall distributions that have substantially 

changed [1]. Only for climate prediction we hint at the possible integration of relatively short-term 

traditional forecasting/prediction, and seasonal climate scenarios scientifically predicted. 

Although in agrometeorology interest in traditional knowledge is far from new (e.g., [5–7], where 

extensive examples on mulching, shading and other traditional microclimate management, and 

manipulation were reviewed), there is among others a still growing appreciation of the value of 

traditional knowledge on several aspects of biodiversity [8,9]. This knowledge is valuable not only to 

those who depend on it in their daily lives, but to modern industry and agriculture as well. Many 

widely used products, such as plant-based medicines, health products and cosmetics, are derived from 

traditional knowledge. Other valuable products based on traditional knowledge include agricultural 

and non-wood forest products and handicrafts [1]. 

The authors were inspired by the richness of traditional knowledge discovered from the farmers 

during semi-structured and structured interviews conducted with the farmers [1]. Traditional 

knowledge indicators have been practiced by farmers for crop and animal production (see the many 

examples in this paper) as well as in traditional agroforestry (e.g., [7,10]). Such indicators have, this 

way, made significant contributions towards more sustainable development, due to the resource 

management involved. Open recognition of the value of traditional knowledge contributed to  

building the very necessary relation of mutual trust that is necessary in the type of extension we 

practiced [1,2,11]. Our findings discussed below show not only the use and usefulness of such 

traditional knowledge, but also its limitations for the further increase and protection of production, 

under conditions of a changing climate. 

1.2. Some Details on Traditional Knowledge in Weather and Climate 

Long before the initiation of modern scientific methods for weather forecasting and climate 

prediction, farming continued successfully, with the exception of regular disasters (e.g., [11–13]). 

Farmers utilized traditional ways and indicators of rainfall forecasting/prediction. Compared to the 

dominant industrialized societies, in which activities in the last 200 years or so have caused most of the 

climate impacts currently observed, indigenous people living on their traditional lands bear little 

responsibility for current and future projected consequences of a changing climate. Despite this, they 

are likely to suffer the most from direct and indirect climate change, due to their close connection to 

the natural world and their reduced social–ecological resilience. The latter is a consequence of 

centuries of oppressive policies imposed on them by dominant non-indigenous societies [14]. 

However, the ‘green revolution’, as a source of welcome rural progress, was already gaining steam in 

the industrializing countries in the 19th century. It may be argued that the real green revolution was not 
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so much a technological one but, rather, the rapid diffusion of useful scientific knowledge across large 

parts of the Southern hemisphere [15], which did not include much of Sub-Saharan Africa [13].  

This question of timing in progress redirects attention to the role of state policy in overcoming 

certain market imperfections. Asian governments channeled substantial public resources into the 

development of rural infrastructure and credit facilities. They subsidized and coordinated technical 

support to farmers. They offered infant-industry protection to emerging fertilizer industries; in some 

cases, Asian governments went as far as to distribute micro-packages of hybridized seed and fertilizer 

to encourage farmers to grow new cultivars [15].  

Virtually none of this progress happened in Africa, where much of the traditional knowledge 

continued to be applied [13]. Traditional rainfall forecasting/prediction refers to indicators that are 

locally used to interpret weather/climate conditions to be expected. Traditional rainfall forecasts/ 

predictions differ across communities, cultural background, and environment around the farm [16,17]. 

In South-Western Free State and Kwa-Zulu Natal (both in South Africa) as well as Western Kenya, 

inhabitants use birds, toads, and white ants to predict the summer season and onset of rains as well as 

temperatures ranging from something like 18 °C to 26 °C [18,19]. While in the North-Eastern Brazil 

they use the appearance of crickets. In Tanzania, they look at the behavioral patterns of birds and  

mammals [20].  

According to [21,22], activities of arthropods, such as fleas, cockroaches, houseflies, spiders and 

many others are indications for the arrival of the summer season in Japan. Even the local names of 

invertebrates are figuratively indicative of a particular season. These arthropods have been noticed by 

farmers to be abundant during the summer season. Farmers for example stated that cockroaches 

disappear during winter season. It was also observed that traditional climate prediction and 

contemporary seasonal predictions were thought to be both useful and dependable, by resource poor as 

well as commercial farmers [22]. 

1.3. Climate Vulnerabilities 

Do farmers observe that the climate is changing and are they aware of their vulnerabilities? 

Fieldwork in Uganda showed that farmers perceived regional climate to have changed in the past  

20 years. In particular, farmers felt that temperature had increased and seasonality and variability had 

changed, with the first rainy season between March and May becoming more variable. Farmers 

reported detailed accounts of climate characteristics during specific years, with recent droughts in the 

late 1990s and late 2000s confirming local perceptions that there has been a shift in climate towards 

more variable conditions that are less favorable to production [23]. Farmers in Southern Uganda seek 

information to anticipate the interannual variability in the timing and amount of precipitation, a matter 

of great importance to them since they rely on rain-fed agriculture for food supplies and income. The 

four major components of their knowledge system are: (1) longstanding familiarity with the seasonal 

patterns of precipitation and temperature, (2) a set of local traditional climate indicators, (3) observation 

of meteorological events, and (4) information about the progress of the seasons elsewhere in the  

region. This system of indigenous knowledge leads farmers to participate as agents as well as 

consumers in programs that use modern climate science to plan for and adapt to climate variability and 

climate change [24]. 
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More than a decade ago, Stigter et al. [25], based on a paper presented at a World Meteorological 

Organization (WMO), Commission for Agricultural Meteorology (CAgM), workshop in Slovenia in 

2002, were among the first to write, from within the agrometeorology, on the use of traditional 

methods and indigenous technologies for coping with climate variability. The paper reviews the 

options that Low External Inputs Sustainable Agriculture (LEISA) farmers have in coping with risk of 

agrometeorological and agroclimatological calamities. This is based on the role that the pertinent 

meteorological/climatological parameters and phenomena play as limiting factors in agricultural 

production, and the expectations on their variability. Subsequently, local case studies are given as 

examples of preparedness strategies to cope with (i) variable water/moisture flows, including 

mechanical impacts of rain and/or hail, (ii) variable temperature and heat flows, including fires, and 

(iii) fitting cropping periods to the varying seasons, everywhere, including related phenomena as 

appropriate [25]. Much more recently, Meinke [26] tabled mitigation and adaptation actions with 

warnings on problems and opportunities that may occur locally, with potentially conflicting goals and 

many ill-defined individual outcomes that are hard to measure. 

Rainfed production is highly dependent on the availability of supplementary water to sustain crop 

growth and development (e.g., [6,27]), because of rainfall variability and amounts received [28]. 

However, in the study area, rainfed agriculture is practiced by most farmers, worsening poverty by this 

dependence on the local rainfall. Increasing food insecurity is linked to declining levels of agricultural 

productivity [29,30]. Therefore, dependency on traditional knowledge and rainfed agriculture in the 

South-Western Free State renders the agricultural status also there highly vulnerable to increasing 

climate variability. This is exemplified by the seasonal rainfall distribution, shifts of rainfall onset and 

cessation, frost onset, and the occurrence of other extreme weather/climate events. It was clearly noted 

how vulnerable most farmers were, but it was also realized that farmers have their ways to guide farm 

level decision making. According to [31], provision and proper utilization of science-based 

agrometeorological knowledge could guide farm level decisions on crop suitability, cultivar selection, 

choice of cropping systems, planting dates as well as planting densities. Climate disaster vulnerability 

for the study region is dealt with further on in this paper. 

Rather early, Patt and Gwata [32] wrote that making forecasts useful to decision-makers, especially 

subsistence farmers in developing countries, remained a significant challenge. They discussed a set of 

six constraints limiting the usefulness of forecasts: credibility, legitimacy, scale, cognitive capacity, 

procedural and institutional barriers, and available choices. They identified how these constraints had 

in fact limited forecast use, and proposed means of overcoming them. Given low skills of present day 

predictions [13], we may start simply, for example, with having better water management based on 

such seasonal climate forecasts, improved infrastructure, and adapted varieties [26,33,34]. 

Simelton et al. [35] did (1) identify southern African farmers’ perceptions of rainfall, rainfall 

variations, and changes; (2) examine the nature of meteorological evidence for the perceived rainfall 

variability and change; (3) document farmers’ responses to rainfall variability; and (4) discuss why 

discrepancies may occur between farmers’ perceptions and meteorological observations of rainfall. 

Most farmers perceived that the rains used to start earlier and end later. Indeed, a high inter-annual 

variability in the timing of the onset was observed alongside an increasing number of dry days and 

declining amounts of rainfall at the onset and cessation of precipitation. Some rainfall patterns were 

associated with El Niño-Southern Oscillation (ENSO) fluctuations and larger-scale changes. These 
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findings suggest that scientists, policymakers, and developers of climate adaptation projects need to be 

more in tune with farmers’ and extension workers’ understandings of how weather is changing, in 

order to improve adaptation policy formulation and implementation [35]. Organizing Science Field 

Shops would make this possible [2,36]. 

1.4. Other Vulnerabilities 

With respect to African food farming of resource poor farmers, much of it still can better be 

described as a coping strategy rather than as remunerative enterprise that rewards innovation and 

professionalism [37]. Thus, we should not continue the so-often-used terminology of “risk 

management” by African farmers, but we should say that, in their vulnerability, they are “coping with 

risks” [13]. The challenge is not only to design new coping strategies, but also to bring about 

institutional transformations within which such strategies would become rational for farmers [38]. 

Vulnerability has emerged as a cross-cutting theme in research on the human dimensions of global 

environmental change. Yet, vulnerability to climate change has traditionally been studied in isolation 

from other stressors, including structural changes associated with economic globalization. It has been 

acknowledged that exposure to multiple stressors is a real concern, particularly in developing countries, 

where food security is influenced by political, economic, and social conditions, in addition to climatic 

factors [39]. There are two competing interpretations of vulnerability in the climate change literature. 

The first interpretation, which can be referred to as the “end point” approach, views vulnerability as a 

residual of climate change impacts minus adaptation. The second interpretation, which takes 

vulnerability as a “starting point”, views vulnerability as a general characteristic generated by multiple 

factors and processes [40].  

Although, from the livelihood point of view, the latter interpretation is needed, in line with [39], for 

this present paper on traditional weather/climate knowledge of and use by farmers, the former 

interpretation will do; with the comment that adaptation remains dependent on other factors  

than weather and climate only. It goes too far for this paper to consider this any further. However, it 

remains important to realize complexity of vulnerability in heterogeneous rural societies as  

South Africa. Examining rural livelihoods on both sides of the United States–Mexico border,  

looking beyond single agricultural systems, crossing borders and listening to rural producers in this 

semi-arid environment, offers a more complete picture of how differences in access to resources, state 

involvement, class and ethnicity result in drastically different vulnerabilities within a similar 

biophysical context [41]. 

Due to our emphasis, in line with the thesis on which this paper is largely based [1], on identifying 

and discussing with farmers their use of traditional knowledge with agrometeorological components, 

the exchange of knowledge between farmers and scientists has got little attention so far. This is mainly 

due to the fact that we have not yet studied what scientists did or could have done with what they 

learned from the farmers, neither have we made a detailed quantitative study of the benefits that 

farmers gained from the various science-based knowledge that we provided in the course of time.  

The literature reviewed in [42] suggests that what we worked on with our farmers is indigenous 

knowledge (IK). This IK excluded traditional ecological knowledge (TEK), while it is much of the 

literature on TEK that deals with similarities and differences between Western science and traditional 
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knowledge [42]. In addition, [43] revealed that there exists a diversity of local or traditional practices 

for ecosystem management. These include multiple species management, resource rotation, succession 

management, landscape patchiness management, and other ways of responding to and managing 

ecosystems (see also [13]). However, our dialogues with the Free State farmers were not in this 

terminology but, in that of more classic phenomenological issues, such as in phenology, as parts of 

agrometeorology. The work for [1] started in 2007. Should we have to start now, we would make use 

of the new insights in the conviction that food production can increase, but at the same time can be 

sustainable through the ecological intensification of current agriculture, making intensive and smart 

use of the natural functionalities that ecosystems offer [44]. 

Although Ristroph [45] considered the benefits of using community knowledge (see also [10]), as 

well as obstacles to collecting this knowledge and integrating it with Western science, no agrometeorology 

was considered there. A few well known scientists (e.g., [46]) have combined research and collaborative 

learning approaches to enable ‘bottom-up’ strategies for improved environmental and social wellbeing 

(see also [2] and case studies in [36]). Möller [46] complemented this by ongoing advice to  

national-level policy-makers for improved management of both production landscapes and Protected 

Natural Areas. Findings indicate that also in the Southeast USA (Georgia) farmers’ coping with risks 

associated with climate variability is embedded within a broad array of social factors, including 

subjective construction of social and personal identities, goals, and values [47].  

These cultural contexts affect the ways that farmers interpret and might apply seasonal climate 

forecasts to agricultural decisions [47]. These findings also indicate that, rather than simply acting as a 

technical information input, seasonal climate predictions, and those making these predictions, must 

gradually work their way into farmers’ trusted social networks, before their potential as tools for coping 

with risk will be realized. Furthermore, while seeking to produce scientific information to support farmers’ 

adaptive practices, scientists themselves must adapt their own practices to better fit a coproduction of 

knowledge approach [47]. This is in line with experience reported from Indonesia [2,11,36], and our 

preliminary experience in South Africa also fits these important findings [1]. 

1.5. Details of the Approach 

The learning platforms were established in selected towns within the south-western Free State. 

Study groups were established which met on a monthly basis. The study groups entailed commercial 

and resource poor farmers, and other stakeholders such as extension agents from the Department of 

Agriculture, Forest and Fisheries, representatives from South African banks, whose role was to educate 

farmers on financial management and on how to access agricultural production loans from banks, and 

other institutions [1]. It was a real learning experience for a researcher to conduct an agrometeorological 

study in the Southwestern Free State, and to try to create a platform for information exchange with 

farmers. During this interaction, it was observed that the resource poor farmers only relied on their 

local knowledge. They learned on various subjects related to weather forecasting and climate 

predictions. On the other hand, researchers learned on farmer’s indigenous knowledge related to 

weather and climate and its applications for fields and crops. 

Farmers were delighted to share their ideas with the researchers, with the intention to learn on 

matters that they had never worked with before: on scientific weather forecasting, climate prediction 
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and other use of probabilities, other (science-based) weather/climate knowledge and its application in 

crop and animal production as well as agroforestry. Progressively, new knowledge was brought to 

farmers and their general handling of crop and animal production were enriched with new  

science-based knowledge (see also [2] on how this fits new perceptions of agricultural extension). We 

now focus on discussing details of the knowledge on traditional indicators and of famers’ many years 

of experience and observations.  

Interactions in study groups, and meetings with the farmers, were events where joint creation of 

knowledge took place (see also [48]). Researchers and farmers were interacting from completely 

different perspectives, to create and transfer knowledge and shared meanings for change [11]. In this 

case, both parties and individuals play a crucial role in establishing their own learning and findings 

through study groups and other qualitative participatory methodologies [11]. Farmers were bold in 

learning on applications of agrometeorological products (which are prepared by Weather Services, 

Universities and Research Institutes from their research results), and they were actively sharing their 

knowledge, experiences and enthusiasm to incorporate agrometeorological advisories/services (which 

are products made more client friendly and operational by product intermediaries [2,36]) into their 

daily agricultural activities and decision-making. However, emphasis in this paper is on how they used 

their traditional knowledge in decision making and also on the limitations of that knowledge. Scientists 

were learning on farmers’ perspectives, and only started to form ideas on how to combine the two 

fields of knowledge successfully. 

In summary, the authors describe a contemporary topic relevant to the understanding of traditional 

knowledge systems for environmental management in agricultural production. Empirically, the paper 

describes farmers’ traditional forecasting systems in the South-Western Free State of South Africa. 

Methodologically, the article demonstrates the importance of qualitative participatory tools for weather 

and climate knowledge exchange. Theoretically, the work highlights the importance of sharing 

traditional and scientific weather/climate knowledge among different stakeholders, with emphasis on 

what scientists learned from farmers. Where not explicitly mentioned, no distinction was made within 

groups of farmers between resource poor and commercial farmers.  

2. Conditions of the Free State situation 

2.1. General 

Farming systems ideally designate a set of agricultural activities, organized while preserving land 

productivity and environmental quality, and while maintaining desirable levels of biological diversity 

and ecological stability [49]. Many farms in the South-Western Free State have a general similarity in 

crop and livestock production practices and methods of production. Farmers view their farms, whether 

resource poor or commercial, as a system in its own right. An individual farm unit is unique, arising 

from resource support and family background. 

In Southern Africa, including the Free State, climate inconsistency is the core determining cause in 

productivity variability and the sustainability of farming systems [50]. Amongst others, soil 

degradation, decreasing water resources, and changes in climate, are also major impediments to 

sustainability of agricultural development. Farmers have relied on nature to determine the season of the 
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year, and traditionally, the growing season is the period of the year which is determined predominantly 

by climate and crop requirements. It depends on the location, temperature, photoperiod and rainfall, as 

the most critical environmental factors [13]. 

Farmers are familiar with the relations between weather, crop suitability, crop selection and 

planting schedule in a particular season. When and what to plant is determined by integrated 

weather/climate indicators and interpreting indicators within the environment. These traditional 

weather-related indicators, and this animal behavior, are used as guidance for farmer choices on their 

farming activities. We cannot be ignorant to indicators used by the farmers. We must learn from it, 

since farmers have survived for decades and decades using local knowledge [13]. Seasonal prediction 

in indigenous knowledge was culturally conserved and passed on from generation to generation. 

Farmers made use of this knowledge in deciding on crop variety, planting dates, and other coping 

strategies, so as to produce good yields. 

2.2. Present Situation 

However, farmers are now more or less forced to also learn the application of scientific information, 

since, due to climate change and other changes, some of the traditional indicators have disappeared 

from the ecosystem. For example, there are indigenous trees which were cut down for fuel, and bird 

species that migrated to other places [51]. The major challenge for the researchers was how to combine 

indigenous knowledge and science-based products, and to actually train the farmers in interpreting and 

using the latter.  

Farmers’ vulnerability to climate abnormality often is also caused by lack of resources and support 

systems, as some have no means to adapt rapidly [52]. Adaptation to increasing climate variability and 

to other consequences of climate change in Africa [33,34,53] is essential to minimize consequences of 

new climate risks. Improved preparedness is essential for more sustainable crop and animal production 

under these new conditions. Therefore, introducing agrometeorological products to farmers creates a 

platform for the on-farm development of a new range of different adaptation strategies for different 

agricultural enterprises, tailor-made [1]. With the provision of weather forecasts for agriculture, of 

seasonal climate predictions of sufficient skill and of other science-based advisory products, critical 

decisions can be improved (e.g., [26]). 

Also commercial farmers use traditional indicators for rainfall forecasting/prediction, although they 

depend mostly on science-based products. From the focus group discussions and transect walks that 

took place during the diagnostic phase of this work, it was found that science based agrometeorological 

products were not popular with those just below 90% of farmers that had no access to such  

products [1]. After identifying various difficulties confronted by the farmers to be successful in 

agricultural business, it became a priority to introduce different types of weather forecasting and climate 

prediction information as well as other science-based agrometeorological advisories to the farmers. 

However, the science based forecasts/predictions are difficult to interpret and to incorporate into 

decision making by both commercial and resource poor farmers. Such weather and climate products as 

broadcasted on a daily basis on radio and television are not sufficient to guide farmers in strategic 

long-term planning. However, these products could be helpful to decide on tactical planning, if they 

were better geared to agricultural use. 
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2.3. Particular Backgrounds for Combining Traditional and Scientific Knowledge 

What indicators were used to forecast rainfall? For example, should farmers recognize a change in 

behavior and/or movement of cows and calves in the veld, together with accumulating clouds, it was 

considered an indication that rains would fall in a few hours or a day’s time. It is very critical to 

understand indigenous knowledge prior to introducing scientific knowledge to farmers [54]. This is 

more urgent now, under conditions of a changing climate. Traditional methods applied by commercial 

and resource poor farmers are later on presented, identifying existing channels of knowledge 

dissemination, and determining from a case study how we can combine traditional and science-based 

weather forecasting and climate prediction.  

In the South-Western Free State, farmers practice mixed farming systems with crops, livestock and 

agroforestry. It was explored how the farmers use which traditional weather/climate indicators for 

short-term and long-term planning for the rainy season. The absence of these signals, at times when 

expected well in advance, is a weakness and can be seen as unreliable. However, farmers are faced 

with lots of challenges and have to adapt. The most common and threatening weather and climate 

hazards are floods, drought, strong dry winds, black frost and hailstorms. For example, floods may be 

due to overflowing of dams and river banks, causing damages to field crops by causing water logging. 

Early frost could destroy flowers on fruit trees and in early planted vegetable seedlings and so reduce 

crop quality. Strong winds could result in loss of livestock and cause soil erosion. For such calamities, 

there were no traditional predictions mentioned, so science-based ones are needed. 

From long-term routine rainfall data, for example the floods that occurred in South Africa in 1975, 

1987, 1988, 1995, and 2001 seasons, as well as the droughts that occurred in South Africa in 1963, 

1979, 1983, 1997, 1998, and 2002 seasons, elderly participants could recall the years that had these 

extremes. However, no long-term traditional climate prediction indicators for such events could be 

mentioned by the farmers. Therefore, traditional rainfall indicators seem to provide only relatively 

short-term (including seasonal) forecasts/predictions, at least as far as disastrous years are concerned, 

but very likely more generally as well (see later on Tables 1 and 2 and some of its examples described). 

Integration of scientific seasonal predictions with such traditional short term forecasts/predictions 

could therefore be useful to augment and improve on-farm decision making strategies. Stigter and 

Winarto found for example that from the scientific seasonal rainfall predictions for Indonesia “most 

likely seasonal rainfall scenarios” could be derived [36]. That outlook, however, quite often changed 

on a monthly time scale. However, never, anything in the scientific predictions was shown on an actual 

start of the rainy or dry seasons in Indonesia. Therefore, validation of early seasonal scenarios with 

traditional rainfall forecasts/predictions of the start and quality of rainy seasons, as a kind of 

calibration of the “predicted unknown” by “the familiar traditional”, that we also apply to other 

scientific parameters, became a point of interest in the South-Western Free State.  
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Table 1. Months of the year and their role as “forecasting elements” in agricultural timing 

as used by farmers in the study area before the influence of climate change. The 

SeSotho/IsiZulu names for these months hold elements of the English description given for 

each of these twelve months, as derived from interviews with farmers in 2008 and 

2012 [1]. 

Months of the Year SeSotho/IsiZulu Agricultural/Meteorological Indication 

January Pherekhong/Masingana 

Agricultural activities are highly intense since farmers 

are weeding and continuing with  

planting of field crops 

February Hlakula/Nhlolanja 

Most crops are reaching (or are at) maturity stage. In 

addition, linked to the preparation of harvesting and 

storage stage for the produce 

March Hlakubele/Ndasa 

Month filled with abundance in agricultural fresh 

produce and pasture while the  

animals are fattening 

April Mesa/Mbasa 

Transition in seasonal conditions as the vegetation is 

drying up, temperatures are dropping, rains are 

becoming lesser and lesser 

May Motsianong/Nhlaba 
Very cold conditions with noticeable frosts effects, 

occurrences of chilling damages in crops 

June Phupu/Nhlangulana Discoloration and shedding of leaves from trees 

July Phupjane/Ntulikazi 

Severe windy conditions are prominent. First light 

rains should be expected that will accelerate 

decomposition of crop residues on previously 

cultivated land  

August Phato/Ncwaba 

Seasonal transition from dry to wetter conditions, 

budding of trees and other wild plants. The fields are 

cultivated 

September Lwetse/Mandulo 

Regrowth and flowering of certain trees and plants. 

First rains beyond what is necessary for preparations of 

fields only 

October Mphalane/Mfumfu 

Certain crops are starting to germinate,  

others have germinated and are about 50 cm above 

ground  

November Pulungoana/Lwezi 

Agricultural activities are intensifying as farmers are 

engaged with work in the fields and certain insects are 

noticed to be producing offspring.  

December Tsitwe/Zibandlela 

Time of the year when foot paths are fading, due to 

grass growth, and families are together cultivating the 

land for future consumption 
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Table 2. Traditional weather forecasting and climate prediction indicators related to 

rainfall conditions as derived from interviews with farmers in 2008 and 2012 [1]. 

Indicator Forecasting/Prediction Time of Occurrence Action to be Taken 

Appearance of 

plants 

 Above normal blossoming of fruit trees like 

peach (Prunus persica) and apricot (Prunus 

armeniaca), budding of acacia spp., and other 

ornamental trees in the farm surroundings. 

Development of young leaves, grass emerging, 

sprouting of Aloe ferox in the mountains are 

indications of good rains 

September  Spring season, prepare for 

sowing in November  

 Flowering of wild lilies in the veld and 

dropping of leaves of fig tree (Ficus carica) 

indicate summer is coming 

September  

 Dropping of fruits before maturity indicates 

very dry season or drought must be expected 

September/October  Farmers should consider 

drought tolerant crops and 

varieties with a shorter 

growing season 

 Immature fruits drying on trees and/or 

dropping from the trees is an indication of 

drought 

Clouds colour Dark clouds are an indication of heavy rainfalls 

to occur within a few hours  

Throughout season Always be prepared to 

minimize damages that 

might occur due to heavy 

rains and arrange for roof 

water harvesting to be 

stored for use as irrigation  

Cloud types  Dark clouds preceding strong winds indicates 

thunderstorms in few hours 

 Rainbow colours: red dominating means 

more rains to come, if blue color dominates and 

clear sky appears it means that rain has passed. 

Stratus cloud is a sign for cold days 

June/July  Prepare for extreme cold 

conditions (general 

knowledge all groups) 

Soil 

structure& its 

dryness 

Soil well moistened tested by hand October-December Introduce seeds or 

seedlings under wet 

watered soils 

Soil not well moistened October-December Wait for (late) rainfall 

onset  

Appearance of 

various insects 

 Appearance of red ants and rapidly 

increasing size of anthills, which are moist, is 

used to predict good rains 

November/December Prepare for (late) sowing 

season 

 Occurrence of army worms is an indication 

of drought to come 

Mid-April, July and 

early August 

Prepare for very dry 

season  

Birds  First appearance of sparrows October-March Rainy season is at hand, 

farmers should prepare for 

planting and act to 

minimize risk and disaster 

that might result from 

above normal rains  

  Flock of swallows proceeding dark clouds 

  Migration and immigration of birds as a 

  good sign of rainfall 
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Table 2. Cont. 

Indicator Forecasting/Prediction Time of Occurrence Action to be Taken 

Moon phases  Moon crescent facing upwards indicates 

upholding water and when facing downwards is 

releasing rainfall in next three days 

October-March Planting time for 

vegetables and cash crops 

suitable for the area, 

farmer should follow 

moon phases as control to 

the days with and without 

rainfall  

 moon surrounded by moisture (profuse halo ) 

means good rains 

September/November 

 First rains should occur before the 

appearance of the new moon and then full 

moon covered by the clouds indicates good 

rains 

October/November 

Star 

constellation 

 Star pattern and the movement of stars from 

west to east at night under clear skies indicate 

onset of rainfall in 3 days and patterns are also 

used to predict cessation of rainfall 

August-November Prepare the land and buy 

inputs to plant as it is the 

rainy season, select 

suitable days, cultivars 

and crops to plant 

Animal 

behavior of 

domestic 

animals 

 

 Grunting of pigs indicates low humidity and 

increase in temperature 

October to March Prepare for agricultural 

activities  

 Well-fed calves jumping around happily in 

the veld and on their way home from grazing in 

the mountains and unwilling to graze the 

following morning indicates good rains on the 

way 

Throughout season Prepare for growing 

season with good rains  

 Increased libido in goats and sheep with 

frequent mating is a sign for good rains 

August, September, 

October 

Farmers should engage 

themselves into different 

agricultural activities from 

land preparation, planting 

weeding, spraying, etc.  

Appearance of 

reptiles 

 Certain snakes moving down the mountain 

sign of good rains 

August, September 

 Frequent appearance of tortoises wandering 

around indicates that we should get good rains  

September-November  

Wind swirls High frequency in occurrence of wind swirls is 

a sign for good rains 

 

October/November Farmers should prepare 

and plant since good rains 

are predicted  

Wind direction Early in the morning changing direction from 

W to E signal of good rains 

November-March Prepare and plan ahead for 

rains to come  

Mist covering 

hills and 

mountains 

This is a signal for good rains to come Throughout season Ensure that when rain 

comes the crops are 

already planted and 

developing.  

Atmospheric 

temperature 

High temperature at night is a sign for good 

rains and a long crop growing season, low 

temperatures at night is an indication for late 

onset of rains and late planting season 

September-November Farmers plan on when to 

plant and crop types of a 

season to expect  

Water sources Drying up of wells, springs, river and wetlands 

rapidly is an indication of good rains 

Spring  Farmers could prepare for 

a good rainy season and 

plan their activities in 

advance 
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3. Research Methodology, Tools and Techniques [1] 

3.1. Set Up 

Beginning in 2008, local study group workshops and on-farm visits, for discussing weather 

forecasting, climate prediction and other science-based agrometeorological information, were 

organized and conducted in the South-Western Free State. This area is also referred to as Modder/Riet 

catchment, located in the Free State Province, South Africa. The following steps were made for access 

to the farmers: 

 Step 1. Identification of local informants such as extension agents, for the selection of target 

groups in the South-Western Free State, to obtain permission to interact with the local producers 

through extension officers and selection of the target groups. 

 Step 2. Needs analysis in terms of agrometeorological products/advisories/services, methods of 

knowledge dissemination and traditional weather/climate forecasts/predictions of rainfall through 

participatory tools and techniques. 

 Step 3. Focus on the existing channels of knowledge exchange of traditional weather/climate 

forecasts/predictions used by the farmers.  

 Step 4. Farmers were informed on different topics related to agrometeorological products  

and sharing of weather/climate advisories as an alternative, and good relationships were built 

with the farmers. 

The farmers were randomly selected, based on their availability and willingness to participate in 

this study at the targeted towns. Workshops with farmers were held on a monthly basis, with study 

groups in the towns of Brandfort, Koffiefontein, Jakobsdal, Tromsburg, Sannaspos, Ladybrand, 

Soutpan, Botshabelo, and Thaba-Nchu. The nine communities provide a cross-section of South African 

farming systems and practices, and more particularly, can offer valuable experiences and observations 

on traditional weather forecasting and climate predictions. The concept of “field schools” (e.g., [2]) 

was later on introduced to famers. They were held at the beginning of the planting season as well as at 

harvesting, while the last one occurred after the installation of two automatic weather stations in 

Sannaspos. The surveys were conducted to scrutinize the use of agrometeorological products and the 

existing channels of dissemination. 

Qualitative research is a method of inquiry employed in many different academic disciplines, 

traditionally in the social sciences, but also in market research and further contexts.
 
Qualitative 

researchers aim to gather an in-depth understanding of human behavior and the reasons that govern 

such behavior. The qualitative method investigates the why and how of decision making, not just what, 

where, and when. Hence, smaller but focused samples are more often used than large samples [55]. 

Qualitative research seemed to be the best research methodology to associate with the farmers’ 

livelihoods and cultural meanings correlated with weather and climate forecasting/predictions. 

Qualitative research data was collected from individual farmers during on-farm visits, which were 

conducted concurrently with study groups at the various selected towns. Key informants such as 

extension agents and in particular commercial and resource poor farmers were identified prior to 

engaging in the field work.  

http://en.wikipedia.org/wiki/Social_sciences
http://en.wikipedia.org/wiki/Market_research
http://en.wikipedia.org/wiki/Human_behavior
http://en.wikipedia.org/wiki/Decision_making
http://en.wikipedia.org/wiki/Sample_(statistics)
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3.2. Experimental Details 

Learning in study groups was a great experience for most farmers, as they used this opportunity to 

exchange experiences. Agrometeorological knowledge and its application in operational strategic  

and tactical decision making were introduced during meetings, using questionnaires, with mainly  

open-ended questions, and group focus discussions. Agrometeorologists have adopted and  

promoted the use of participatory research tools and techniques as complementary methods, when 

undertaking agricultural research for development of farmers, as to create a platform for knowledge 

exchange [13,56].  

The study aimed at identifying the gaps in information. During the period of the study, nine 

preliminary surveys were held, which were followed by inception workshops. We had monthly study 

group meetings. During these meetings, various participatory tools and techniques were used to 

exchange data with the farmers. These were structured and semi-structured interviews, off-farm visits 

and face-to-face engagement, to better understand traditional knowledge used by farmers based on 

agricultural daily activities and decision making. Informal interviewing was used for rapport 

establishment and to discover topics of interests relating to weather forecasting and climate predicting. 

Focus group meetings allowed a good platform for interacting with farmers from different background 

and to exchange knowledge. Other complementary participatory tools were used to probe for more 

information and clarity on other issues, from both scientists and farmers. On-farm visits allowed for 

better understanding of available natural resources and for the assessment of current agricultural  

status on-farm. 

As already hinted at, in meetings with the selected groups of farmers across Modder/Riet 

catchment, different participatory tools (e.g., [57–59]) were used to exchange knowledge between 

farmers and researchers. This was done using tools such as focus group discussions during monthly 

meetings, and questionnaires and techniques, including social and natural resource maps, livelihood 

maps, time lines, seasonal calendars, Venn diagrams, various matrices, questionnaires (semi-structured 

and structured), and transect walks [60]. Transect walks were conducted during on-farm visits in the 

presence of the farm owner(s), to view the status of infrastructure, agricultural practices and natural 

resources availability per household on-farm [61]. The numbers of transect walks, farm visits, keynote 

informants, etc., were not recorded. 

Additional information from the farmers’ perspectives, during the survey, was achieved by  

semi-structured interviews with the agricultural district officials from the ministry of agriculture, the 

tribal authorities and local famers. Beside the researchers in agrometeorology, other participants were 

fire fighters, bank representatives, food processors, animal producers, members of agricultural unions, 

and successful commercial farmers. Extension agents contributed tremendously in the workshops for 

the development and provision of support to the farmers. We found that amongst all farmers 

interviewed, just over 10% confirmed that they had access to agrometeorological and other  

science-based products and just below 90% mentioned that they depended on traditional knowledge 

and/or their own experience to make decisions. It therefore became even more necessary to discover 

and learn from farmers’ traditional weather forecasting and climate prediction applications.  

A total of 394 farmers within the study region participated in our workshops in 2008 and another 

group of 130 farmers (partly overlapping with the first group) were interviewed in 2012. The groups of 
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farmers interviewed and participating in this study consisted of nearly 40% resource poor farmers and 

just over 60% commercial farmers. Amongst all these farmers there were only slightly more than 30% 

female farmers, thus, about 70% male farmers. The groups consisted of 15% of young farmers, with an 

age less than 30 years; 25% were between 30 and 40 years of age, 14% of farmers aged between 41 to 

50 years, and 46% aged above 50 years. These data may be considered representative for the study 

region and do not necessarily apply to other regions of the Free State Province or South Africa at large. 

Where not explicitly mentioned, no distinction was made within groups of farmers between resource 

poor and commercial farmers. 

4. Results and Discussions  

Below traditional weather forecasts, traditional climate predictions and other traditional weather 

/climate products are dealt with, using the contents of Tables 1 and 2. 

4.1. General  

During the preliminary survey, as the researchers were assessing the status of the weather/climate 

knowledge, farmers rather mentioned indigenous indicators than short- or medium-term forecasts/ 

predictions. They also did not talk about climate change. The authors therefore decided to document 

and write about this traditional knowledge, as most farmers mentioned their use of a few of these 

indicators that are related to forecasting/predictions and agricultural activities. No further studies were 

done to integrate scientific knowledge and local indicators as yet. We used this study just to bring to 

the farmers some available science-based knowledge for improved decision making and to learn from 

their traditional knowledge.  

The most common traditional indicators across the South-Western Free State are systematically 

tabulated in Tables 1 and 2, which state indicators used, what they forecast/predict, the time of 

occurrence and action to be taken at that particular time. As to the terminology used, “good rains” are 

rains that give a good crop and “poor” rains are rains that do not give a good crop. In both cases, this 

relates to both: amounts and distributions of rains. However, this will differ with crops. 

4.2. Examples of Trees and Plants as Indicators (See also Table 2) 

The farmers use the budding and flowering of fruit trees and other indigenous plants for weather 

forecasting and climate prediction. These tree/plant development stages are associated with the onset 

of spring and summer seasons. Emerging and growth of new leaves from different types of trees are a 

good indication that temperatures are increasing and the winter season is over. Summer is dominated 

by mean monthly temperatures of 20 °C and monthly rainfall above 20 mm (these data are quoted  

from [1], where they were obtained from the South African Weather Service). The types of grass and 

shrubs in the veld that have developed new leaves symbolize the beginning of the planting season. As 

Table 2 shows, next to cloud types, the behavior of plants is the factor that appears to be most favored 

by farmers. One of the most prominent indicators of the summer season identified by farmers is the 

sprouting of the Aloe ferox plant decorating the hills with its orange flowers [62]. Aloe ferox in the  

South-Western Free State actually does not flower until September, due to colder conditions, whereas 
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flowering in warmer areas of South Africa is known to occur between May and August [40]. Aloe 

ferox is adaptable to many conditions. It means that such traditional forecasting/prediction will keep 

much of its validity also under conditions of a changing climate [13]. 

Peach trees (Prunus persica) bloom in early spring, but any drop in temperature below 14 °C, when 

flowering, tends to kill the blooming flowers [63]. Buds get destroyed between −15 and −25 °C. 

Spring frost can be a limiting factor and minimize fruit production [64]. Farmers therefore also 

associate the flowering of peach with the beginning of the planting season. Apricot trees (Prunus 

armeriaca) are hardier, less frost sensitive, tolerating winter temperature to −30 °C [63]. They flower 

very early in spring (August to September for South-Western Free State) as they have a chilling 

requirement. The more abundant blossoming time of peach trees, apricot trees, and other trees in the 

South-Western Free State, as occurred in September 2008 and 2009, was used by farmers to predict a 

good rainy season, which also came to pass. It turned out that seasons 2008/2009 and 2009/2010 had 

good rains in this area, as assessed by these farmers. Another example used by the farmers is the fig 

tree. Fig trees (Ficus carica L.) have a cold hardiness temperature of −2.2 to −6.7 °C. The mean 

suitable temperature is about 18 °C for budding and flower development [65]. Fig trees flower from 

spring to autumn, depending on the tree variety. 

The types of trees mentioned above require a certain amount of low temperatures to hasten plant 

development and flowering [63]. The trees have to go through a vernalization period to break 

dormancy [66,67]. Therefore, low temperatures that occur in July, August, and September play a 

critical role to initiate the development of buds on trees that results in flowering. Should low 

temperatures occur when trees blossom or just have blossomed, this might result in flower and fruit 

damages due to cold conditions [68]. After the trees have flowered, warm temperatures are required to 

provide thermal time (certain amounts of temperature in degree days) for tree and fruit development 

throughout the developmental stages until harvesting of fruits. Farmers observe these changes in  

plant stages [1].  

The other most commonly used tree in the South-Western Free State is Faidherbia albida, which is 

uniquely described in [69] as a tree species with unusual phenology as it sheds its leaves with the rains 

and is green during the dry season. Its susceptibility to frost favors crop production during the  

summer season, as the shed leaves are used as mulch which improves soil water content [70,71]. Its 

tendency of shedding leaves is beneficial to form a good layer of mulch, through its falling litter, at 

planting time, to improve microclimate and create agroforestry environmental conditions. The amount 

of pods produced by Faidherbia albida is used by the farmers to predict whether the coming season 

will be wet or dry. An abundant yield of pods is an indication of a wet season to come and the other 

way around.  

4.3. Examples of Animals as Indicators (See also Table 2) 

Farmers use the appearance of Mossies or Cape Sparrows (Passer melanurus) as an indication of 

good rains to come in a day or two. This is of course a purely qualitative assessment by the farmers, 

including its distribution, based on many years of experience. It serves a decision that they should 

prepare for field activities [72]. Flocks of sparrows are observed in the South-Western Free State 

during the growing season, as they feed on seeds and insects. A flock of sparrows flying around the 
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sky, with scattered clouds, indicates that there is rain coming in the afternoon. Heavy migration of 

flocks, merging into widespread formations, resembles and therefore forecasts heavy rains approaching 

that particular area [73,74]. The occurrence of a heavy flock of birds flying together indicates wind 

conditions that could be fatal, e.g., convergence [74]. A flock of sparrows leading dark clouds indicates 

heavy rainfall within approximately an hour. Migration of certain bird species is associated with change 

of the season in terms of temperature and rainfall [72,74,75]. According to [76], the appearance of birds 

and insects could assist in detecting meso-scale meteorological phenomena such as gust fronts. 

If the herd of cattle is noticed hesitant to go to the veld for grazing, it shows that the rains are to 

come within a few hours. Other farmers mentioned that cows in the field lie down when the rain is on 

its way and is coming within a few hours [77]. Whether the calves are sensitive to low pressure 

systems, high humidities or changes in temperature, is not yet well known [78]. Research on this 

influence of climatic parameters on calve behavior in Modder/Riet catchment would be helpful, to 

validate why farmers observe it to forecast rains. Finding scientific reasons for traditional beliefs is 

advisable throughout, because with cause and effect relationships found, wider and more accurate 

applications may be found [13]. 

Farmers become cautious when the snakes are seen more often as they hunt for prey, as it is an 

indication of the onset of the growing season. Abundant movements of snakes and tortoises are 

interpreted as the coming of good rainfall, in a seasonal prediction. This, for example, corresponded 

with a 14 days weather forecast that gave 60%–80% probability of receiving more than 1 mm of 

rainfall from the 7–13 February 2008. However, this might well be incidental, because 14 days 

forecasts are notoriously unreliable (e.g., [79]). At the onset of the summer season in 2008/2009, 

farmers observed such snakes and tortoises that were busy in the veld and so predicted that good rains 

were to come. Which then occurred. When certain snakes were observed moving down the mountains, 

farmers related this active movement of reptiles to seasonal transition from a cold season to a warm 

season. According to [80], snakes come out of hibernation and down the mountains in search for prey 

and mating partners to reproduce in early summer season, as the eggs are hatched and baby snakes are 

produced and fatten their bodies in preparation for the cold season at hibernation. For example, the 

Rinkhal in our study area appears during spring and early summer and it lives in grassland [80].  

Variations in insect population have been shown to exist throughout the seasons of the year [78,81]. 

In the South-Western Free State, the appearance of ants and the mushrooming of anthills occur in the 

planting season. It for example means that the daily temperatures are warm enough for the ants to 

come out from hibernation and roam around in/on the soil. In addition, thus, it is also warm enough to 

plant crops that are sensitive to low temperatures.  

4.4. Examples of Simply the Months as Indicators (Forecasting Elements) (See also Table 1) 

For basics, farmers everywhere traditionally simply depended on the months of the year to 

determine the agricultural activities to be implemented. Table 1 shows this around the year for the 

study area as obtained from interviews with farmers in 2008 and 2012 [1]. According to the farmers in 

South-Western Free State, it appears that the last week of July (and sometimes even an earlier period 

in that month) is well-known to bring first rains, which are meant to assist in further decomposing crop 

residues, which enhances soil nutrient status, thus, soil fertility. 
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Commercial farmers also should get the tractors ready for land preparation. August symbolizes the 

month for first plowing to occur, which is aimed at turning over the soil to minimize the spread of 

weeds and insects. Commercial farmers in the South-Western Free State were observed to cultivate the 

land in late July and after the August rains in 2008 and 2009, in line with the traditional farming. 

Farmers plow the fields and then wait for September rains to transplant seedlings obtained from local 

nurseries or produced from on-farm plastic tunnels. Those who do not plant vegetables will disc the 

land to prepare for November planting of maize, sunflower, and sorghum. According to rainfall data 

analysis for the study area, monthly mean rainfall shows that an onset sufficient for resuming 

agricultural activities beyond the above preparations starts in the month of September, with above  

25 mm of rains to be expected [1].  

Rains then reach a peak of about 80 mm in January and subsequently decrease to about 40 mm in 

April. Therefore, months of the year as a general traditional climate prediction indicator for rainfall 

were backed by such rainfall observations [1]. These observations were useful from a farming point of 

view, but they were more so before climate change started to make its impacts (e.g., [13]). Stigter and 

Winarto found that climate change and problems of water management related to seasonal changes are 

slowly but clearly compromising this rainfall seasonality and periodicity knowledge in Indonesia [2]. 

This is confirmed by our most recent experience in South Africa and is seen as a general trend 

throughout the world [82]. 

4.5. Examples of Other Traditional Indicators (See also Table 2) 

One other indicator used by farmers is a soil material characteristic. As it makes a ball, it means that 

there is sufficient water in the soil. If the soil does not have sufficient water, it crumbles and falls apart. 

This is a method used to test the wetness of the soil. When soil is saturated, all air spaces are full of 

water, but as the gravitational water drains out, the soil reaches field capacity, where plants are able to 

draw water till wilting point is reached. It is near field capacity when the soil forms a ball without 

water being squeezed out. 

The appearance of the crescent moon facing up is a traditional rainfall indicator, which is reasoned 

as follows. If the crescent appears facing upwards, it means that it can hold rainfall; while as the 

crescent appears face down, it is an indication of releasing rainfall to mother earth and rainfall should 

be expected within three days. Farmers across the region also commented that good chances of rainfall 

are expected around the date of the new moon but that, in contrast, full moon is usually associated with 

lower rainfall chances. If a poor rain event occurs at the time of the new moon, the following months 

are expected to be dry. Good rains at new moon indicate that the following month will be wet. Farmers 

have used moon phases for planting decisions for many decades, possibly centuries. The waxing of the 

moon is the recommended time to plant leafy vegetables and flowers, and transplant seedlings. The 

waning of the moon is an indication to plant underground crops, e.g., potatoes, sweet potatoes, 

groundnuts, and control weeds and thin the plants [83,84]. 

Farmers also mentioned the techniques of using star patterns and movements to predict rainfall 

onset, days to expect rainfall and rainfall cessation (compare [85] for Asia). However, the farmers 

could not explain exactly how it works. As the moon phases and its orbit around the earth affect the 

rising and falling tides, air currents, and the occurrence of thunderstorms [83], it is observed that this 
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indigenous knowledge may be related to scientific logic. Whether the use of moon phases and the star 

constellation actually has a relationship to rainfall or not, farmers in the South-Western Free State are 

confident that it works well as a predictive tool for rainfall and the agricultural activities to consider for 

different seasonal conditions. Here again scientific research would be helpful, particularly while 

climate change may influence any of these relationships [13]. 

Dark cloud appearance is well known as an indicator for good rains coming within a few hours. 

Where the cloud appearance is related to the coming of rains, also this traditional climate indicator 

could be kept to be related to scientific reasoning. For example, even the 14 days predictions of [86] 

represent cloud cover and use probabilities to predict the chances of getting certain amounts of rain. 

This prediction, however, is in need of large scale validation in different parts of South Africa.  

Farmers from all study groups reported wind direction as another indicator used to forecast heavy 

rainfall. Farmers strongly believe in observing the wind direction to predict the onset of rainfall. 

Farmers use westerly winds to forecast rains within a few days. However, further research to determine 

more scientific explanations for these indicators would be necessary and helpful before they can be 

introduced with their full scientific understanding [13]. A complete review of what farmers brought up 

is in Table 2. 

4.6. Disadvantages and Advantages According to Farmers 

For the farmers to learn about and confidently adopt science-based knowledge, they were tasked to 

discuss the advantages and disadvantages of using traditional as well as science-based weather/climate 

forecasts/predictions indicators/knowledge. It appeared that this exercise was not the easiest, as it 

raised lots of disagreement amongst the farmers. This led to different opinions from different 

experiences. Eventually, the farmers were able to draw some conclusions regarding this matter. They 

identified and listed the following statements as disadvantages of traditional weather/climate 

forecasts/predictions and disadvantages of science-based weather/climate forecasts/predictions  

(Table 3). Thus, the farmers were not yet able to clearly give advantages as we were not yet following 

the use of various science-based messages and their influence on production parameters (see [2] for 

this issue in Indonesia). That is one of the themes for follow-up research, where also the extension has 

to become better involved. 

The best outcome of this research was that farmers and scientists learnt new things and shared their 

knowledge and experience. We agree with [87] that scholars have wasted too much time and effort on 

a science versus traditional knowledge debate; we should reframe it instead as a science and traditional 

knowledge dialogue and partnership (see also [2,13]). In the light of the importance of conservation 

issues, we know that conservation action can be based on traditional knowledge and values, or a 

resurgence of these values [87]. We also know that indigenous community conserved areas are often 

based on multiple objectives, including sustainable use and livelihood needs, cultural value,  

self-governance, and economic development, as well as for biological conservation [87]. We need 

more and deeper partnerships of traditional knowledge and science to solve conservation problems, 

strengthen the network of community conserved areas, engage in ecosystem-based management, set up 

cross-cultural monitoring for environmental change, and carry out ecological restoration that responds 

to community needs [87] (see also [13]). 
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Table 3. Disadvantages of using traditional weather/climate forecasts/predictions and 

disadvantages of using science-based weather/climate forecasts/predictions as derived from 

interviews with farmers in 2008 and 2012 [1]. 

Disadvantages of Traditional Weather/Climate 

Forecasts/Predictions 

Disadvantages of Science-Based Weather/Climate 

Forecasts/Predictions 

 They are only momentary but it can work well when 

combined with scientific forecasts/predictions, 

 They are culture-based and interpreted differently for 

different areas, 

 They do not provide predictions on the not immediate 

future, some seasonal indications apart, 

 They cannot predict mid-season dry spells or their 

probabilities, 

 They do not indicate rainfall distributions but only 

when to prepare for the onset and sometimes something 

on the quality of the season to come, 

 They are not trusted by some scientific 

forecast/prediction producers as they, incorrectly, 

perceive it as based on superstition. 

 They are not easily available and accessible 

for use in agriculture, 

 Their advantages are not documented in ways 

that farmers can understand, 

 They are difficult to interpret and it is not 

easy to make decisions based on the 

probabilistic information given, 

 They are not point specific and there is a 

need for trustable downscaled 

weather/climate forecasts/predictions. 

 

This must be part of the beneficial learning by scientists. Through the process of interacting with 

other farmers, our farmers learnt and steadily adapted the application of weather/climate products  

and other science-based agrometeorological knowledge for agricultural decision making. This  

farmer-to-farmer extension should be recommended and encouraged for reaching the highest number 

of farmers in an area, towards understanding of advisories and appreciation of agrometeorological 

services in their fields (see also [36]). 

5. Conclusions and Recommendations 

The traditional knowledge and its use reported on in this paper, is what scientists learned from 

farmers. There is a need for follow-up research to look more deeply at local indicators versus climate 

change and possible integration of scientific knowledge and local knowledge. Farmers use weather and 

climate related indicators in their traditional forecasts/predictions, mostly of immediate or seasonal 

rains and droughts. Agricultural decisions are made according to traditional knowledge and 

understanding of these environmental conditions of their local area, obtained through years of 

experience. Understanding of the farmers’ perceptions of weather and climate is a critical step to 

facilitate effective communication on science-based agrometeorological knowledge. This learning is 

necessary for scientists.  

During interactions with the farmers it became obvious that long before the existence of modern 

scientific methods for weather forecasting and climate prediction, farming with relatively low yields 

continued successfully with the exception of regular disasters. However, training on the application of 

science-based agrometeorological advisories/services such as on crop suitability, cultivar selection, 

planting date, planting density, weeding, water management, pests and diseases, fertilizing, etc., is 
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recommended for guiding farmers in improved decision-making for higher yields. An ecological 

approach may be added. 

This research revealed that most traditional farmers in the South-Western Free State were not 

familiar with the application of external weather forecasts/climate predictions for agriculture and other 

science-based agrometeorological/-climatological products where they exist. It must be concluded that 

until recently they relied only on their own experience and traditional knowledge for farming  

decision-making. Our findings are a strong indication to agricultural scientists that some well-researched 

scientific knowledge and some still insufficiently researched scientific knowledge can benefit 

traditional farmers’ decision making but does not reach these farmers in any usable form. Therefore, 

farmers can only use what is available to them. Most commercial farmers, having more resources, as 

well as a more formal education, performed better and had more knowledge and more access to  

science-based knowledge compared to the resource-poor farmers.  

Farmers in the South-Western Free State regularly experience devastating disasters that are weather 

and climate related, such as rainfall scarcity and irregularity, floods, untimely frost events, severe 

winds that also continue and intensify destructive wildfires, outbreaks of diseases and pests, difficult to 

control weeds, which require intensive labor, as well as severe drought conditions and overgrazed 

grazing lands posing dangers of desertification. The participating farmers realized from slowly 

improving yields that science-based early warnings, weather/climate related forecasts/predictions and 

other science-based agrometeorological advisories/services are able to protect farmers better than their 

traditional knowledge could, by new knowledge-based preparedness and decision making.  

This statement is validated from the limitations of traditional knowledge but not yet 

quantitatively/scientifically proven from what farmers actually applied. This must be done in follow-up 

research. This is true, notwithstanding the disadvantages that farmers mentioned to exist, but this new 

knowledge should be much improved, taking note of what causes these disadvantages. Researchers 

engaged in such improvements should incorporate sociology/anthropology and farm management 

approaches, with participatory tools, in knowledge exchange and dialogues with and support of the 

farmers (see also [2,36]). 

During the study groups, on-farm meetings and field schools, farmers demonstrated a great 

eagerness to learn about science-based agrometeorological information/advisories/services. This study 

can recommend that participatory interaction with the farmers using focus groups, buzz questions, 

word of mouth, study groups, and workshops allows two-way participation. This helps to understand 

the user’s perception of the advisories; it allows a platform for constructive criticism that should lead 

to improvement of products. Exchange of knowledge took already place since farmers shared their 

knowledge on traditional forecasting and decision making. It is therefore recommended that, through 

such meetings, a permanent platform to exchange knowledge is created to build permanent dialogues 

with the farmers. This results in a dual learning process. Training of intermediaries on climate change 

as well as social science issues is a necessity for interacting with the farmers when addressing the 

application of science-based agrometeorological advisories and services (see also [36]).  

Integration of agrometeorological products with local knowledge on weather forecasting and 

climate prediction may improve adaptation strategies and ensure that new knowledge, products, and 

services are implemented at farm level. Therefore, validation of early seasonal scenarios with traditional 

rainfall forecasts/predictions of the start and quality of rainy seasons, as a kind of calibration of the 
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“predicted unknown” by the “familiar traditional”, that we also apply to other scientific parameters, 

became a point of interest in the South-Western Free State.  

The best outcome of this research was that farmers and scientists learnt new things and shared their 

knowledge and experience. Berkes [87] was right that scholars have wasted too much time and effort 

on a science versus traditional knowledge debate; we should reframe it instead as a science and 

traditional knowledge dialogue and partnership. The complications of a changing climate make this even 

more necessary. Through the process of interacting with other farmers, farmers learnt and steadily 

adapted the application of weather/climate products and other science-based agrometeorological 

knowledge for agricultural decision making. This farmer-to-farmer extension should be recommended 

and encouraged for reaching the highest number of farmers in an area, towards understanding of 

advisories and appreciation of agrometeorological services in their fields (see also [36]). 
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