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1 INTRODUCTION

Training structure

This	module	 is	 designed	 for	 agricultural	 consultants,	 agricultural	 practitioners,	 and	 anyone	who	
wants	to	learn	about	weather,	climate,	climatic	variability,	and	climate	change,	and	the	concept	of	
Climate-Smart Agriculture (CSA).

Training objectives

Specifically,	this	training	guide	seeks	to	explain	and	clarify	agrometeorological	and	agro-climatological	
topics	and	their	relation	to	the	agriculture	sector	by	answering	the	following	questions:	
•	What do weather and climate mean?
•	What	are	the	differences	between	weather	and	climate?
•	What	are	the	distinctions	between	weather	variability	and	weather	change?
•	What is climate change, and what are the causes and drivers of it?
•	How will climate change impact agriculture in South Africa? 
•	What	is	agrometeorology	and	its	application?
•	What	are	 the	practical	 solutions	 that	agricultural	 farmers	 in	South	Africa	and	elsewhere	can	

implement?
•	What	are	current	agricultural	practices?
•	What	exactly	is	Climate-Smart	Agriculture?
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2 BASICS ABOUT WEATHER AND CLIMATE 

Overview

The	goal	of	this	section	is	to	provide	an	overview	of	the	words	and	characteristics	used	to	describe	
weather	and	climate.	Meteorological	characteristics	such	as	temperature,	humidity,	wind,	and	solar	
radiation	will	 be	 defined	 and	 explained,	 as	will	 the	 devices	 used	 to	monitor	 them	at	 a	weather	
station.	The	interrelationship	of	meteorological	factors	will	be	discussed	how	they	impact	each	other.	

Key Questions

•	How	do	you	measure	temperature,	humidity,	and	other	weather	and	climatic	variables?
•	How	do	temperature	and	humidity	fluctuate	with	time	—	during	a	day-night	cycle,	changing	
weather	conditions,	during	the	year	and/or	over	many	years	and	at	climatological	scales?

•	What factors impact air temperature?
•	How	do	 you	determine	 the	quantity	of	 rainfall	 received	—	daily,	monthly,	 or	 over	 a	 lengthy	
period	of	time?

Training Objectives

After	completing	this	module,	participants	will	be	able	to:
•	List	the	climatic	parameters	(in	SI units) and instruments used to measure them
•	Explain	the	differences	between	climate	and	weather
•	Describe	the	diurnal	and	yearly	temperature	and	humidity	patterns
•	Detail	typical	seasonal	variations	in	maximum	and	lowest	temperatures,	as	well	as	daily	rainfall

2.1 FACTORS EFFECTING 
TEMPERATURE

As temperature is one of the most important 
climate variables, it is vital to understand all of 
the	elements	that	may	affect	air	temperature.

Temperature is a measurement of the average 
internal energy of movement per molecule, 
whereas heat is a measurement of the total 
internal	 energy	 of	movement.	 Solar	 radiation,	
latitude	 and	 longitude,	 cloud	 cover,	 surface	
type,	continentality,	ocean	current,	altitude,	and	
advection	all	have	an	impact	on	temperature.

a) Solar radiation and latitude
Air temperature is determined by the amount 
of	solar	radiation	received	at	a	location	on	the	
surface	 of	 the	 earth.	 About	 21%	 of	 radiation	
warms the atmosphere so it is the primary 
source of heat and energy at the surface of 
earth. 
•	The	 following	 are	 examples	 of	 daily	
temperature	 changes:	 There	 is	 a	 lot	
of sun energy in the morning, and the 
soil temperature is higher than the air 
temperature.	When	the	departing	radiation	
equals	the	entering	radiation,	the	maximum	
air temperature is reached (usually about 
2	 pm).	 When	 the	 energy	 balance	 shifts	
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Figure 1   Daily temperature and solar radiation diurnal cycles. 
Source: http://www.chanthaburi.buu.ac.th/~wirote/met/tropical/textbook_2nd_edition/navmenu.php_tab_2_
page_6.3.0.htm.

from outgoing to incoming, the lowest air 
temperature	occurs	shortly	after	dawn	(see	
Figure 1)

•	The yearly temperature is likewise linked 
to	 solar	 radiation	 and	 earth	 motions,	
with	 maximum	 and	 lowest	 temperatures	
occurring about 1-2 months following the 
equinox	(see	Figure 2)

Figure 2   Temperature changes according to latitude.
Source: www.pmfias.com/temperature-distribution-earth-heat-budget-heat-balance-seasonal-temperature-
distribution.

http://www.chanthaburi.buu.ac.th/~wirote/met/tropical/textbook_2nd_edition/navmenu.php_tab_2_page_6.3.0.htm
http://www.chanthaburi.buu.ac.th/~wirote/met/tropical/textbook_2nd_edition/navmenu.php_tab_2_page_6.3.0.htm
www.pmfias.com/temperature-distribution-earth-heat-budget-heat-balance-seasonal-temperature-distribution
www.pmfias.com/temperature-distribution-earth-heat-budget-heat-balance-seasonal-temperature-distribution
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Maximum	temperatures	 in	Africa	are	 found	 in	
the tropics and away from mountains, with the 
greatest	 temperatures	 occurring	 at	 20°	N	 and	
S.	 When	 one	 studies	 the	 entire	 planet,	 one	
will	 notice	 that	 temperatures	 fall	 as	 latitude	
increases	 (due	 to	 decreased	 solar	 radiation	
load).	 Seasonal	 temperature	fluctuation	 is	 low	
in	the	tropics	(near	the	equator),	but	as	latitude	
increases,	seasonal	variations	grow,	with	greater	
temperature	 disparities	 between	 winter	 and	
summer

b) Cloud cover
Clouds have a major impact on temperature 
because they inhibit heat evaporation from the 
earth's surface. The impact of various types of 
clouds	differs	(cumulus,	stratus,	cirrus).	Clouds	
reduce	 back-radiation	 and	 absorb	 heat	 from	
the	 earth,	 altering	 extremes	 by	 regulating	 air	
temperature (see Figure 3).

In	the	Kalahari	or	Sahara	deserts,	for	example,	
there are many clear days with strong daily 
radiation,	and	nights	drop	down	fast,	resulting	
in	severe	temperatures	(Kruger	&	Sekele,	2013).	
Higher temperatures occur in the tropics before 
to	 the	 rainy	 season,	 while	 lower	 maximum	

temperatures are reported during the rainy 
season due to numerous clouds, even when the 
sun is above.

c) Nature of surface expressed as albedo 
effect

The	earth's	surface	(for	example,	varying	types	
of soil) is also important since it heats the air. 
High	 reflectivity	 surfaces	 have	 poor	 thermal	
characteristics,	 conductivity,	 and	 specific	 heat	
capacity.	 Dry,	 sandy	 soil,	 for	 example,	 warms	
and cools faster than moist clay soil. Water and 
land	 surfaces	 differ	 the	 most	 because	 water	
heats and cools more slowly than soil.

This	 is	 because	 water	 has	 a	 5-times	 larger	
specific	heat	capacity	than	land,	and	water	has	
superior	conductivity	than	soil.	The	soil	surface,	
on the other hand, may heat up and cool down 
faster than the surface of a body of water. This 
is due to the fact that water is transparent and 
radiation	may	penetrate	 to	a	depth	of	250	m.	
When a transect from a rural farm region via 
suburbs into the city centre is compared, the 
temperature rises. This is referred to as a ‘urban 
heat island.

Figure 3   Effects of radiation and cloud cover influencing surface temperature.
Source: NASA-Kids https://climatekids.nasa.gov.

https://climatekids.nasa.gov
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       (a)                                         (b)

Notice	the	contrast	between	the	surfaces	in	the	
city	 (structures,	highways	with	high	reflection)	
contrasted to the suburbs with houses and some 
trees, then to the rural agricultural land where 
there	 are	 few	 buildings	 and	 extensive	 open	
land	or	bare	 soil	 surfaces,	 resulting	 in	a	 lower	
temperature. Rural areas tend to lose much of 
the	 radiant	 solar	 energy	 to	 evaporation	 (90%	
radiation),	which	means	 little	heat	 is	 available	
to heat the surface (see Figure 4). 

d) Continentality
As can be observed in Figure	 5a, the climate 
of	a	 location	is	 influenced	by	its	distance	from	
the sea. The temperature near a sea or ocean is  
moderate,	while	that	over	a	continent	(inland)	
can	vary	dramatically	(shown	in	Figure	5b). Also, 
seasonal	 variations	 over	 land	 are	 larger	 than	
those	along	the	shore	near	the	sea	for	locations	
at	the	same	latitude.

Figure 5   Map showing (a) altitude and distance from the coast and (b) Temperature changes according to 
distance from coast. 
Sources: https://www.globalsecurity.org/military/world/rsa/images/south-africa-map-elevation-2.jpg and
 https://www.globalbioclimatics.org/cbm/static/conti/Africa_Thermotypes_gb.png.

Figure 4   Sketch of an urban heat-island profile.
Source: https://pt.slideshare.net/ajp/microclimate-442260/3.

https://www.globalsecurity.org/military/world/rsa/images/south-africa-map-elevation-2.jpg
https://www.globalbioclimatics.org/cbm/static/conti/Africa_Thermotypes_gb.png
https://pt.slideshare.net/ajp/microclimate
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Figure 6   Ocean currents around South Africa.
Source: Walker, 1989.

e) Ocean currents
The	 temperature	of	 the	 sea	 and	 the	direction	
of	the	wind	both	have	a	significant	influence	on	
coastal temperatures (see Figure 6). The warm 
tropical	 water	 flowing	 along	 South	 Africa's	
east	 coast,	 through	 to	 the	warm	Mozambique	
current	(the	water	temperature	is	27°C	between	
October and February) and into the South Pole, 
creates a warmer subtropical climate for Kwa-
Zulu Natal and the Eastern Cape. Cold water, 
on	the	other	hand,	flows	down	the	west	coast	
in	 the	 cold	 Benguela	 current	 (13°C),	 resulting	
in	 the	 cool,	 arid	 Namaqualand	 and	 Namibian	
desert areas. 

f) Advection
The horizontal movement of heat and moisture 
with (moving mass of air caused by wind) 
from	 one	 location	 to	 another	 is	 referred	
to	 as	 advection.	 It	 has	 a	 significant	 impact	
on	 temperature,	 and	 particular	 examples	
include land and sea breezes, as well as valley 
breezes, which decrease temperatures at a 
specific	 place	 on	 a	 regular	 basis.	 Advection	 is	
important in semi-arid environments because 
it	 affects	 the	 heat	 load	 and	 energy	 available	
for	 evapotranspiration,	particularly	 in	 irrigated	
areas	next	to	dry	areas.

g) Altitude
The temperature in atmosphere usually drops 
with the increase  in height (as one rises) 
above the earth’s surface. The temperature 
lapse	rate	is	the	vertical	temperature	gradient,	
and	 it	 typically	drops	by	6°C	 -	 8°C	every	1000	
m	elevation	 in	 the	atmosphere	 (see	Figure 7). 
However, there might be an environmental 
lapse	 rate	at	 a	 given	time	and	 location	 that	 is	
determined by air density, moisture content, 
pressure	system	type,	and	advection.

In low pressure systems, the lapse rate rises, 
but in high pressure systems, warm air drops, 
resulting	 in	 a	 temperature	 inversion,	 as	 seen	
over the Highveld in winter. In mountainous 
areas,	 inversion	may	also	occur	with	a	vertical	
drop in temperature, with the air at the top of 
a mountain being warmer than the air in the 
valley.	 There	 are	 also	 significant	 variations	 in	
natural plant development on south vs north 
facing slopes in mountains. This is due to the 
amount	 of	 sunlight	 received	 having	 an	 effect	
on the temperature of the slopes facing various 
directions.
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2.2 MEASUREMENT OF CLIMATIC 
PARAMETERS 

Climate data has been measured and stored all 
across South Africa for many years, with some 
continuous	 records	 dating	 back	 to	 the	 1880s,	
primarily by the Agricultural Research Council 
- Soil, Climate, and Water (ARC-SCW) and the 
South African Weather Service (SAWS), the two 
main	 government	 organizations	 that	 collect	
climate data and provide climate and weather 
related services.

Because SAWS is under the Ministry of 
Environment and ARC is under the Ministry of 
Agriculture,	 their	 responsibilities	 are	 focused	
in	respective	areas,	although	they	complement	
each	other	on	climate	issues.	Specifically,	SAWS	
collects	 data	 at	 locations	 such	 as	 airports	 (for	
aviation	 related	 research	 and	 development)		
while ARC gathers from rural agricultural areas 
for agricultural development. Long-term climate 
datasets are used for long-term mean and trend 
analysis	and	interpretation.

There	 are	 manual	 weather	 stations	 and	
rainfall	 stations	 that	 collect	 measurements	 at	
specific	times	of	the	day	(that	is,	8	a.m.	daily),	
automatic	weather	 stations	 (AWS)	 that	 record	
continuously,	 and	 automatic	 rainfall	 stations	
(ARS) that are distributed across South Africa. An 
AWS is a computerized system that records and 
transmits	 climatic	 information	 acquired	 from	
particular	 measuring	 devices.	 Meteorological	
elements are monitored in AWS using electronic 
instruments or sensors that generate various 
signals	that	may	be	stored	and/or	transmitted.

Using	calibration	equations,	the	electrical	signals	
are	 subsequently	analyzed	and	converted	 into	
useful meteorological data. The data is typically 
gathered	at	5-minute	intervals,	but	is	recorded	
in the datalogger as hourly values before 
being	 verified	 for	 correctness	 and	 archived	 in	
a data bank. Air temperature (minimum and 
maximum),	 wind	 direction,	 wind	 speed,	 solar	
radiation,	 relative	humidity,	 soil	moisture,	 and	
leaf wetness are among the meteorological 
characteristics	monitored	(see	Figure 8). 

Figure 7   Temperature and lapse rate changes with altitude.
Source: https://sites.google.com/site/adiabaticprocesses.

https://sites.google.com/site/adiabaticprocesses
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Figure 8   Automatic weather station.
Sources: www.springer.com and ARC-SCW – photo of SABBI Vaal Harts West AWS.

Figure 9   Eastern Cape weather station distribution.
Source: ARC-SCW.

Take	note	of	the	geographical	locations	of	ARC-SCW AWS in the Eastern Cape, Limpopo, and North West 
(see Figure 9, Figure	10, and Figure 11), as well as SAWS AWS across RSA (see Figure 12). 

www.springer.com
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Figure 10   Photos of the Limpopo weather station.
Source: ARC-SCW.

Figure 11   North West weather station distribution.
Source: ARC-SCW.
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Table 1	shows	a	monthly	climatic	data	example	from	the	Leboakgomo	weather	station.	

Table 1   An example of the monthly climate data format showing Leboakgomo weather station for the 
summer of 2006-2007.
Source: ARC-SCW.

Comp# 

Station
Name Lat Long Alt

RHx RHn Rain Rs U2 ET0v HU CULEBOAKGOMO -24.3 29.5 968
Year Month Tx Tn

30761 2006 8 23.44 9.89 77.47 27.63 1.5 18.79 1.85 56.83 111.35 -151.5

30761 2006 9 27.8 12.06 69.81 18.89 0 23.1 2.04 144.58 311.62 -469.5

30761 2006 10 31.35 16.76 74.25 22.91 54.7 22.82 2.28 163.06 435.22 -675.5

30761 2006 11 28.97 17.35 86.7 37.17 100.5 21.78 1.9 137.09 390.64 -660

30761 2006 12 30.59 19.02 88.61 37.41 227.9 23.99 1.61 156.52 450.07 -721

30761 2007 1 30.67 17.62 84.32 34.16 92.9 27.31 1.68 176.58 440.03 -707.5

30761 2007 2 33.52 18.19 84.35 23.49 13.5 26.08 1.63 161.88 439.16 -652.5

30761 2007 3 31.94 16.98 80.94 25.82 40.9 22.07 1.43 149.47 442.71 -695

30761 2007 4 28.72 14.38 87.77 27.29 11.8 19.46 1.18 115.67 332.38 -540

30761 2007 5 25.31 7.81 72.56 19.09 0.3 18.58 1.1 104.97 203.81 -199.5

Figure 12   Plot showing the locations of the South African Weather Services (SAWS) distribution of 
automatic weather stations across South Africa.
Source: https://www.weathersa.co.za.

https://www.weathersa.co.za/home/overview
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Table 2   Description of agrometeorological climate parameters and units used from both automatic weather 
stations (AWS) and manual weather stations (MWS).

Element Description Unit Station type 
Tx Maximum	Temperature °C AWS, MWS
Tn Minimum Temperature °C AWS, MWS
T Average Temperature [Calculated From Hourly Data] °C AWS
Rain Total Daily Rainfall [Calculated From Hourly Data] mm AWS
RHx Maximum	Relative	Humidity % AWS
RHn Minimum	Relative	Humidity % AWS
Rs Total	Radiation	[Calculated	From	Hourly	Data] MJ/m2 AWS
U2 Wind Speed [Calculated From Hourly Data] m/s AWS
ET0 Total	Daily	Evapotranspiration	[Calculated	From	Hourly	Data] mm AWS
HU Total Heat Units [Calculated From Hourly Data] Unitless AWS
CU Total Cold Units [Calculated From Hourly Data] Unitless AWS
DPCU Average	Daily	Positive	Chilling	Units	[Calculated	From	Hourly	Data] Unitless AWS
FD Total	Frost	Days	Per	Month	where	Min	Temp	Below	0	¦C Days AWS
UTot Average Windrun km/day MWS
APan Total	Daily	A-Pan	Evaporation mm MWS
Suns Sunshine Hours Hours MWS

 

Table 2 summarises	the	agrometeorological	climatic	characteristics	and	units	utilised	by	AWS and manual 
stations.
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3 OVERVIEW OF CLIMATIC CONDITIONS ACROSS SOUTH AFRICA 

Overview

The	objective	of	this	section	is	to	provide	an	introduction	to	South	African	climatological	conditions	
and	weather	patterns.	Additionally,	to	offer	a	broad	range	of	information	on	how	climatic	conditions	
fluctuate	 around	 the	 country.	 The	 module	 	 seeks	 to	 improve	 participants'	 understanding	 and	
knowledge	of	South	African	weather	patterns	and	trends,	as	well	as	climatic	conditions	in	specific	
provinces.	This	shared	knowledge	will	lead	to	a	better	understanding	of	the	causes	of	climate change, 
as	well	as	a	better	grasp	of	climatic	variability	 in	order	to	enhance	decision	making	and	in-depth	
understanding of agro-ecosystems. 

Key Questions

•	How	do	climatic	trends	and	patterns	differ	across	South	Africa?
•	What	are	the	climatic	conditions	like	in	the	provinces	chosen?
•	Should	the	agricultural	sector	continue	to	operate	as	normal	 in	the	face	of	changing	climatic	
conditions,	or	should	the	sector	adapt	to	these	changes,	and	if	so,	how?

•	Should	we	include	Climate-Smart	Agriculture	technology	into	our	day-to-day	operations?

Training Objectives

After	completing	this	section,	participants	will	be	able	to:
•	 	 Explain	South	African	climate	trends	and	patterns
•	 	 Explain	the	climatic	conditions	in	their	own	province
•	  Make agricultural decisions based on agro-climatological zones
•	 	 Describe	suitable	agricultural	enterprises	according	to	location
•	 	 Understand	the	influence	of	climate	on	agricultural	productivity

3.1 CLIMATE TRENDS AND 
PATTERNS ACROSS SOUTH 
AFRICA

The climate of South Africa varies from province 
to province and even within a province. The 
south-western part of RSA has a Mediterranean 
climate (named due to origin around 
Mediterranean sea), with winter rains, while 
the inner plateau's temperate is warm. The 

north-east and coast area are subtropical but 
the  north-west of South Africa has a semi-arid 
climate. Summer rainfall in South Africa occurs 
from	November	 to	March,	with	 the	 exception	
of the south-west winter rainfall, which occurs 
from June to August. Along the east-coast, 
there is a humid subtropical climate, which 
is characterised by hot and humid summers 
and cold to mild winters and is found in the 
continent's	 south-eastern	 side	 between	 the	
latitudes	of	25°C	and	35°C.
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Based on seasonal rainfall and temperature 
trends,	 the	 Köppen	 climate	 classification	
(Figure 13)	 separates	 climates	 into	 five	 major	
climatic	groups.	These	five	include	tropical,	dry,	
temperate,	 continental,	 and	 polar	 (Critchfield,	
1983) types of climates. The Mediterranean 
climate	is	defined	by	Köppen	as	having	hot,	dry	
summers	and	cool,	rainy	winter	and	its	climatic	
zones are usually found on the western parts  
of	 continents	 (for	 example,	 Western	 Cape),	
between	30°	and	45°	latitude	north	and	south	
of	the	Equator.	

Temperate climates (found in the eastern region 
of	South	Africa)	are	distinguished	by	moderate	
rainfall distributed throughout the year or 
portion	 of	 the	 year	 with	 periodic	 droughts,	
pleasant to warm summers and chilly to cold 
winters	 (Simmons,	 2015).	 Temperate	 climates	
have generally mild mean annual temperatures, 
with	average	monthly	temperatures	exceeding	

10°C	 in	 the	 warmest	 months	 and	 exceeding	
-3°C	 in	 the	 coldest	 months	 (Trewartha	 and	
Horn,	1980).	

Arid and semi-arid climates range from desert 
conditions	 with	 minimal	 yearly	 rainfall	 to	
those	 with	 rainfall	 that	 is	 less	 than	 potential	
evapotranspiration	 and	 an	 average	 yearly	
temperature	 of	 18°C	 or	 a	 mean	 temperature	
of	0°C	or	-3°C	in	the	coldest	month	(across	the	
western interior of South Africa).

Temperature	and	rainfall	patterns	in	South	Africa	
are	 influenced	 by	 the	 movement	 of	 a	 high-
pressure belt that rounds the globe between 
25°	 and	 30°	 south	 latitude	 during	 winter	 and	
low-pressure systems that occur during summer 
(Figure 14). Average temperatures vary slightly, 
with	maximum	temperatures	surpassing	32°C	in	
the	summer	and	reaching	40°C	in	the	northern	
part of the country.

Figure 13   Köppen-Geiger climate classification of regions across South Africa.
Source: Peel et al., 2007 & http://stepsa.org/images/climate_indicators/koppen_geiger.png.

http://stepsa.org/images/climate_indicators/koppen_geiger.png
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The highest recorded temperatures in South 
Africa	are	around	48°C	in	Mpumalanga	and	the	
Northern	 Cape.	 Frost	 occurs	 at	 high	 altitudes	
during the winter months, with the lowest 
temperatures	 averaging	 -6°C	 in	 Sutherland	 in	
the Northern Cape's cold dry zone. 

The warm Agulhas ocean current, which sweeps 
southward along the Indian Ocean coastline 
in the east, and the cold Benguela current, 
which	 sweeps	 northward	 along	 the	 Atlantic	
Ocean	 coastline	 in	 the	 west,	 affect	 climatic	
conditions	across	the	nation	(Figure 14). The air 
temperature	in	the	east	is	roughly	6°C	warmer	
than	the	air	temperature	on	the	Atlantic	Ocean	
shore	at	the	same	latitude.

The Agulhas and Benguela currents are visible 
at the  Cape of Good Hope's narrow peninsula, 
where	 sea	 temperatures	 average	 4°C	 higher	
on the east side than the west. The infusion 
of water and heat from the Indian Ocean into 
the	 Atlantic	Ocean	 is	 critical	 to	 global	 climate	
equilibrium	(Figure 14).

South	 Africa	 is	 a	 land	 of	 contradictions	 when	
it	 comes	 to	 rainfall.	 Rainfall	 varies	 noticeably,	
decreasing from west to east (see Figure	 15). 
In	 the	 northwest,	 for	 example,	 yearly	 rainfall	
remains	 below	 200	 mm.	 The	 majority	 of	 the	
eastern	Highveld,	on	the	other	hand,	gets	500	
mm	to	900	mm	of	annual	rainfall,	with	rainfall	
exceeding	2000	mm	on	occasion	during	wetter	
seasons.

Figure 14   The image showing the major ocean currents south of Africa.
Source: http://app01.saeon.ac.za.

http://app01.saeon.ac.za
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Figure 15   Annual rainfall across South Africa from both ARC and SAWS stations.

A	 major	 portion	 of	 the	 country's	 central	
region receives an annual rainfall average of 
approximately	400	mm.	There	is	a	region	along	
the southern coastline that receives rainfall 
all	 year,	 and	 there	 are	 additional	 differences	
between the escarpment and the beach. 
The	 yearly	 rainfall	 is	 generally	 essential	 for	
the feasibility and adaptation of agricultural 
operations.	 As	 a	 result,	 understanding	 the	
country's	 climatic	 conditions	 is	 critical	 in	 the	
formation	 and	 prospective	 use	 of	 soils,	 plant	
kinds, land use management concerns, crop 
suitability,	and	livestock	adaptation	(Spaargaren	
&	Deckers,	2005).	

3.1.1 Overview of past climate across South 
Africa

In comparison to the rest of Africa along with 
much of the Southern Hemisphere, South 
Africa has a reasonably comprehensive set of 
climate	data	(New	et	al.,	2006).	Since	long-term	
daily meteorological data are now available, it is 
feasible	to	study	patterns	and	variability	across	
many decades, as shown in Table 3. 

Also because average annual rainfall in South 
Africa varies greatly from season to season and 
year	to	year,	few	statistically	significant	patterns	
have	 been	 found	 (Nel,	 2009).	 However,	 the	
features	of	rainfall	distribution	throughout	the	
year	and	during	 the	planting	season	are	more	
important.
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Table 3   Observed climate trends for South Africa.
Source: DEA, 2018.

Temperature Rainfall

•	The average annual temperatures have 
increased	 by	 at	 least	 1.5°C	 above	 observed	
global	average	of	0.65°C	(IPCC,	2007)

•	Annual	maximum	and	minimum	temperatures	
show	 significant	 increases	 across	 all	 seasons,	
with	the	exception	of	the	central	interior

•	High	 yearly	 temperature	 extremes	 have	
become more common, whereas low annual 
temperature	 extremes	 are	 far	 less	 common,	
notably in the western and northern interior 
areas

•	The rate of temperature change has varied, 
with the largest rates of rise recorded between 
the	mid-1970s	and	the	early	1980s,	and	again	
between	the	late	1990s	and	the	mid-2000s

•	High, inter-annual rainfall variability 
•	Rainfall	 totals	were	 higher	 than	 expected	
(average)	 during	 the	 1970s	 and	 from	 the	
late	1980s	 to	 the	mid	1990s.	Rainfall	was	
found to be less than the annual norm in 
both	the	1909s	and	the	2000s

•	Annual	 rainfall	 patterns	 have	 been	 found	
to	be	weak	and	non-significant	(statistically	
speaking); nevertheless, there has been 
a	 substantial	 drop	 in	 the	 number	 of	 rain	
days, an increase in the intensity of rainfall 
events,	and	an	increase	in	the	duration	of	
dry spells

•	Marginal	 reduction	 in	 rainfall	 has	 been	
observed during the autumn months

The onset and end of the rainy season, the 
duration	of	wet	and	dry	spells,	and	the	incidence	
of severe heavy rainfall events are among these 
features.	During	 the	majority	of	 the	 twentieth	
century, there was a trend toward increased 
extreme	 heavy	 rainfall	 in	 the	 south-western	
and eastern parts of South Africa (Easterling 
et	al.,	2000;	New	et	al.,	2006)	There	was	also	a	
significant	 increase	 in	the	annual	 frequency	of	
very heavy rainfall events over eastern between 
1909	and	1997(Groisman	et	al.,	2005).

In	 respect	 of	 the	 historic	 patterns	 observed	
in	 South	 Africa	 from	 1921	 to	 2015,	 these	
variations	 generally	 reflect	 the	 projected	
changes in summer rainfall (for instance,  an 
increase	in	the	western	parts	and	a	reduction	in	
the	eastern	regions)	(Kruger	&	Nxumalo,	2017,	
Kruger,	2006,	Kruger	&	Shongwe,	2004).

In general, rainfall is increasing for most rainfall 
stations	in	South	Africa's	southern	interior,	with	
signs	 of	 reductions	 in	 the	 extreme	 northern	
and	north-eastern	regions	(Kruger	&	Nxumalo,	
2017).	The	rise	in	yearly	rainfall	is	also	reflected	
in	seasonal	patterns	in	the	south,	with	summer	
rainfall	 increasing	 similarly,	but	 it	 also	extends	
into the central interior.

In terms of other seasons, the majority of 
the	 country	 shows	 no	 significant	 historical	
patterns	in	yearly	total	rainfall.	Climate change 
is	 frequently	 related	 with	 changes	 in	 severe	
occurrences,	 however	 these	 findings	 are	
constrained	by	the	dataset's	short	time	period.	
According	to	the	extreme	rainfall	studies,	there	
is	 an	 increase	 in	 daily	 rainfall	 extremes	 in	 the	
southern	to	western	interior	(Kruger	&	Nxumalo,	
2017,	Kruger	et	al.,	2019).
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In	addition,	the	majority	of	the	country	saw	an	
increase in the intensity of daily rainfall, matching 
typical	worldwide	trends.	Most	locations	in	the	
east and north-east had a decrease in rainfall 
from wet episodes, while the southern and 
eastern	sections	of	the	escarpment	saw	shorter	
annual	dry	spells	(Kruger	&	Nxumalo,	2017).	For	
the	period	1921-2015,	there	is	strong	evidence	
of	 statistically	 significant	 increases	 in	 rainfall	
over	 the	 southern	 interior	 regions,	 extending	
from the western interior of the Eastern Cape 
and the eastern interior of the Western Cape 
northwards into the central interior region of 
the Northern Cape.

Extreme	 daily	 rainfall	 events	 have	 increased	
(statistically	supported	finding)	areas	extending	
northwards into North West, the Free State, 
and	 Gauteng.	 There	 is	 substantial	 evidence	
of	 statistically	 significant	 reductions	 in	 yearly	
rainfall	totals	across	Limpopo	(DEA,	2018).

The	 rainfall	 trend	 study	 for	 1921–2015	 shows	
that rainfall increased across the west of South 
Africa, notably in the southern interior, but also 
decreased	 in	 certain	 locations	 in	 the	 extreme	
north-east. Second, the intensity of daily rainfall 
rose over much of South Africa. Regional 
studies,	on	the	other	hand,	show	that	extremely	
high daily rainfall totals have primarily grown 
in the southern and south-eastern interior, 
with	 differences	 in	 the	 geographic	 extent	
of	 significant	 increases.	 The	 reported	 daily	
intensity of rainfall has grown considerably for 
several	South	African	stations,	especially	during	
the	mid-1990s,	with	a	clear	upward	worldwide	
trend. Third, there has been a considerable drop 
in	lengthy	periods	of	continuous	rainfall	for	most	
regions in the east, while the longest annual dry 
spells (usually during the winter months) have 
decreased in the southern heartland (Kruger & 
Nxumalo,	2017).

Significant	 warming	 is	 recorded	 from	 1931	
to	 2015.	 The	 measured	 rate	 of	 warming	 in	
the	 western	 portions	 of	 the	 nation	 (Western	
and Northern Cape), as well as in the east 
over Gauteng, Limpopo, and the east coast of 
KwaZulu-Natal,	has	been	2°C/century	or	higher	
- that is twice the global rate of temperature 
increase. Over much of the country, there is 
a rise in the yearly number of hot days but a 
decrease in the annual number of cold nights. 

3.1.2 Overview of climatic conditions in 
Eastern Cape Province

The	 coastal	 cities	 of	 the	 Eastern	 Cape	 (EC)	
Province	 have	 a	 Mediterranean	 and/or	
subtropical climate, but interior temperatures 
are higher. The great escarpment cuts through 
the	EC	 interior	area,	creating	a	series	of	rivers	
and	supporting	wetland	wildlife	and	vegetation	
in	the	southern	portions.	The	northern	half	of	
the	EC	is	made	up	of	the	Plateau's	altitudinous	
plains and the Great Karoo. These topographical 
changes are the primary source of climate 
variations	 across	 the	 EC.	 As	 a	 result,	 the	 EC	
climate is diverse, with the east having greater 
humidity and rainfall than the west, which has 
drier	climatic	conditions.	Winter	 temperatures	
range	from	moderate	to	freezing,	with	significant	
snowfalls in the inner mountain ranges. 

The yearly rainfall averages 769 mm. East 
London,	 for	 example,	 has	 a	 mean	 rainfall	 of	
923 mm, with a high number of rainy days in 
October	and	November	(wettest	months),	and	
June being the driest. Mean temperatures in 
Middelburg	 (EC)	 range	 from	 20°C	 to	 25°C	 in	
April,	September,	and	October,	with	the	hottest	
months being January, February, and December, 
and the driest months being May to September, 
with	March	being	the	wettest	month.	Alice,	at	
an	elevation	of	520	m,	has	an	annual	rainfall	of	
around	386	mm,	with	excellent	rains	primarily	
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throughout the summer season with the 
maximum	rainfall	 in	March	 (58	mm),	 followed	
by	November	(45	mm).	The	least	amount	of	rain	
falls during the winter months of June (8 mm) 
and July (7 mm). From November through April, 
the monthly mean temperature in Alice ranges 
from	 25°C	 to	 29°C,	 with	 the	 coldest	 months	
being June and July, when temperatures can 
drop	to	around	5°C.

3.1.3 Overview of climate conditions in 
North West Province 

The North West province is part of the Kalahari 
Desert, thus the winters are chilly but generally 
dry, with moderate, sunny summers. With an 
average	daily	temperature	of	27°C,	North	West	
is	the	hottest	province	in	South	Africa.	Summer	
lasts from August to March, with occasional 
thundershowers	in	the	afternoon.	The	average	
annual	 rainfall	 ranges	 between	 300	 and	 700	
mm.	The	mean	maximum	temperature	 ranges	
from	22°C	to	34°C,	with	dry	winter	weather	and	
cold evenings. The average lowest temperature 
from	May	through	July	is	16°C,	however	it	can	
vary	from	2°C	to	20°C	on	any	one	day.	

The	average	annual	rainfall	in	Rustenburg	is	513	
mm, with the majority of rain falling in the middle 
of summer. The month with the least rainfall is 
June	(0	mm),	whereas	the	month	with	the	most	
rainfall	 is	 January	 (101	 mm).	 The	 maximum	
mean	 temperature	 in	 June	 varies	 from	19.3°C	
to	29.4°C	in	January.	The	coldest	month	is	July,	
with	an	average	low	temperature	of	1.7°C.	The	
average	annual	rainfall	in	Mahikeng	is	541	mm,	
with the lowest rainfall in July (2 mm) and the 
greatest	 in	 January	 (108	 mm).	 The	 warmest	
month	 is	 January,	 with	 a	 mean	 maximum	
temperature	of	23.7°C,	while	the	coolest	month	
is June, with a mean minimum temperature of 

11.3°C.	Potchefstroom	receives	615	mm	of	rain	
per year on average, with January being the 
warmest	month	 at	 22.2°C	 and	 June	being	 the	
coldest month with a low average temperatures 
of	9.6°C.

3.1.4 Overview of climatic conditions in 
Limpopo Province

Limpopo province's typical rainfall ranges 
from	200	mm	in	hot	dry	parts	 to	1500	mm	in	
mountainous heavy rainfall areas, with the 
majority falling between October and April. 
Rainfall	 fluctuates	 greatly	 between	 years	 and	
has decreased throughout most of Eastern 
Southern Africa, including the majority of the 
Limpopo	River	Basin	(Malherbe	et	al.,	2012).

The climate of Limpopo province is hot since it 
is	partially	in	the	tropics,	north	of	the	Tropic	of	
Capricorn, with long sunny dry days. During the 
summer,	the	severe	heat	is	frequently	relieved	
by a brief thunderstorm. Polokwane is hot 
throughout the summer months (October to 
March),	with	mean	maximum	temperatures	of	
27°C,	 although	 temperature	 extremes	 exceed	
45°C	 in	 low-veld	 regions	 such	 as	 Phalaborwa.	
Limpopo's	evaporative	deficit	is	between	2	and	
5	mm	every	day.	The	maximum	temperature	at	
Lambani	averages	over	30°C	from	September	to	
February,	with	a	mean	maximum	temperature	
of	19°C	and	a	minimum	temperature	as	low	as	
8.5°C	in	June	and	July.	So	Lambani	is	a	frost-free	
region	all	year,	with	greater	rainfall	in	December/
January	and	a	high	risk	of	local	floods.	Extremes	
like	as	high	evaporative	demand,	flood	events,	
and	 extremely	 erratic	 rainfall	 are	 common	 in	
the Lambani region. 
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4 UNDERSTANDING CLIMATE VARIABILITY AND CLIMATE 
CHANGE

Overview

The	purpose	of	this	section	is	to	understand	and	differentiate	between	weather	and	climate,	climate	
variability	and	change	and	relationship	to	agriculture.	This	section	reviews	possible	effects	that	a	
changing	climate	could	have	on	 the	agro-ecosystems	and	how	ultimately	 this	affects	agricultural	
development	and	food	security.	Participants	are	encouraged	to	discuss	how	a	changing	climate	is	
likely	to	affect	a	particular	aspect	of	human	activity	in	their	area	of	operation.

Key Questions

•	What	is	the	difference	between	weather,	climate,	climate variability, and climate change?
•	What	exactly	is	the	distinction	between	climatic	variability	and	climate	change?
•	What are the underlying reasons of climate change?
•	What	can	be	deduced	from	South	African	climate	projections?
•	What role does agriculture play in climate change?
•	What	exactly	are	greenhouse	gases,	and	where	do	they	come	from?
•	What	exactly	is	agrometeorology?

Training Objectives

After	completing	this	section,	the	participants	will	be	able	to:
•	Describe	the	difference	between	weather	and	climate
•	Differentiate	between	climate	variability	and	climate	change
•	Understand	greenhouse	sources	and	their	effects
•	Explain	the	impact	of	climate	change	on	agro-ecosystems
•	Understand the role of agrometeorology in agricultural decision making
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4.1 WHAT IS CLIMATE VARIABILITY 
AND CHANGE?

Overview

This	 section	 exposes	 participants	 to	 the	
foundations	 of	 climate variability, climate 
change,	and	distinguishes	between	climate	and	
weather while discussing climate variability. 
Participants	 are	 encouraged	 to	 think	 about	
climate	 patterns	 and	 recent	 extreme	weather	
occurrences in their province.

Weather and Climate

To fully grasp what climate change entails, it is 
necessary	to	first	distinguish	between	weather	
and climate. In layman's words, "climate is what 
historical data predicts, but weather is what you 
get each day." 

• Weather:   On a daily basis, the most 
prevalent	characteristics	of	weather	include	
minimum	 and	 maximum	 temperatures,	
rain, humidity, wind, sunlight, and 
cloudiness, although severe occurrences 
such	 as	 tornadoes,	 droughts,	 floods,	
thunderstorms, and tropical cyclones are 
also encountered. Weather is dynamic and 
may	change	quickly,	even	within	the	same	
day	and	from	day	to	day.	Weather	predictions	
anticipate	future	weather	conditions	(short-
term (up to 3 days), medium-term (up to 
14 days), and the further in the future less 
reliable they become. 

• Climate	is	the	average	quantity	of	each	set	
of	weather	conditions	that	exist	in	a	region	
over	a	lengthy	period	of	time,	generally	three	
decades (IPCC,	2007).	Climate	is	defined	by	
several	characteristics,	including	long-term	
temperature	 and	 rainfall	 accumulation	
through	time,	as	well	as	the	kind,	frequency,	
length, and severity of weather events 
such as heat waves, cold spells, dry spells, 
storms,	floods,	and	droughts.

Climate	 terminology	 is	 frequently	
misinterpreted	and	misunderstood,	particularly	
Climate variability and Climate change. Both 
of	 these	 phrases	 refer	 to	 climatic	 trends	 and	
patterns	across	a	certain	time	period	or	space.	
The atmosphere's most important role in 
agricultural	 production	 is	 to	 shield	 the	 planet	
from	high-energy	solar	radiation	from	the	sun.	
Climate change is occurring, it is primarily caused 
by	human	activity,	it	poses	major	dangers,	and	
it	is	already	influencing	a	wide	variety	of	human	
and	environmental	systems	in	many	situations.

Over the last several decades, there has been 
a surge of interest in climate change, climate-
smart	 technology,	 and	 the	 implications	 for	
agriculture	and	communities	in	general.	Climate	
change	may	be	quantified	by	observing	changes	
in various aspects of the climate system, but the 
most commonly observed climate parameters 
are	air	temperature	and	rainfall	(Stigter	&	Ofori,	
2013;	 IPCC,	 2014a;	 Radovanovic	 et	 al.,	 2016).	
Climate change begins with minor changes in 
average	conditions,	which	impact	extremes	such	
as	 drought	 and	 flooding,	 and	 is	 thus	 referred	
to as severe weather. These major weather 
events have a severe impact on agricultural 
production	(Iizumi	&	Ramankuty.,	2015;	Nhamo	
et	al.,	2019).	Simpson	and	Dyson	(2018)	report	
that the Free State province received less than 
half	of	 its	normal	rainfall	 in	2016.	Such	events	
aid in the development of ways to empower 
farmers	and	extension	agents	in	understanding	
and developing coping strategies to lessen the 
impact of climate change on agriculture (Zuma-
Netshiukhwi	&	Mphandeli,	2019).

Climate	variability	averages	out	to	a	continuously	
fluctuating	 climate	 over	 years,	 but	 climate	
change	averages	out	to	a	distinct	shifting	trend	
over decades (see Figure 16).
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Figure 16   Diagram to show the climate variability and how means change. Five year mean versus 
annual temperature variability to distinguish between climate change and climate variability.
Source: https://scied.ucar.edu/learn/climate-variability.

Consider the temperature anomalies versus 
time	graph,	which	shows	the	annual	variations	
and swings (depicted by a blue line in Figure 
16).	 When	 the	 5-year	 running	 averages	 are	
calculated, the curve becomes smoother 
(Figure 16 red line). 

The rising temperature trend is increasingly 
more	 visible,	 especially	 since	 1980.	 It	 is	 also	
simple to discern between long-term upward 
climate change	and	yearly	fluctuation	between	
individual years, where one year may be higher 
than	the	next.

Climate variability

Climate variability	refers	to	the	natural	variation	
that occurs as a result of changing weather 
conditions	 over	 the	 course	 of	 a	 day,	 month,	

season,	 or	 year.	 For	 example,	 if	 we	 examine	
rainfall in a certain region of the world over a 
given period, the variability might be minimal, 
implying	that	there	is	no	variation	in	the	volume	
or	timing	of	precipitation	from	one	year	to	the	
next.	In	another	location,	rainfall	amounts	may	
vary greatly from year to year, ranging from well 
below normal to considerably above average, 
and	the	timing	is	less	predictable.	

Beyond	 specific	weather	 occurrences,	 climate	
variability covers all temporal and geographical 
scales, as evidenced in mean state and other 
data	 (such	 as	 standard	deviations,	 occurrence	
of	 extremes,	 etc.).	 It	 is	 frequently	 used	 to	
describe	 variations	 from	 long-term	 climatic	
data	during	a	given	time	period	(e.g.,	a	month,	
season,	 or	 year)	 in	 relation	 to	 the	 present	
equivalent	 calendar	 period.	 Climate	 variability	

https://scied.ucar.edu/learn/climate
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is	often	quantified	as	a	difference	between	the	
value and the mean, which are referred to as 
anomalies.	Variability	also	refers	to	fluctuations	
caused by natural internal processes within 
the	climate	system	(internal	variability)	and/or	
variations	in	natural	or	human	external	forcing	
(external	variability)	(WMO,	2020).

Example of climate variability - El Niño 
Southern Oscillation (ENSO) 

El	 Niño	 Southern	 Oscillation	 (ENSO)	 is	 an	
example	 of	 a	 periodic	 fluctuation	 in	 which	
interactions	 between	 the	 atmosphere	 and	
ocean	 in	 the	 tropical	 Pacific	 impact	 climatic	
variability in various regions of the world (see 
Figures 17 and Figure 18):

Figure 17   The El Niño effect on rainfall globally.
Source: International Research Institute for Climate and Society (IRI), Earth Institute, Columbia University, Data 
library https://iridl.ldeo.columbia.edu/maproom/IFRC/FIC/elninorain.html.

https://iridl.ldeo.columbia.edu/maproom/IFRC/FIC/elninorain.html


Climate-Smart Agriculture _ Training Manual
AgrometeorologicAl ApplicAtions for climAte-smArt Agriculture

30

• El Niño occurs when the seawater surface 
temperature in the central and eastern 
equatorial	 Pacific	 Ocean	 is	 warmer	 than	
usual, 

• La Niña happens when the same area's 
saltwater surface temperature is cooler 
than usual

Both El Niño and La Niña can last for several 
years.	 They	 have	 the	 potential	 to	 produce	
significant	 changes	 in	 the	 planet's	 weather,	
delivering	 rain	 or	 drought	 to	 different	 regions	
of the world. El Niño years have drier weather 
in southern Africa, southern Asia, and Oceania, 
and	wetter	weather	in	Eastern	Africa,	whereas	
La	Niña	 years	have	 the	 reverse	effect.	 El	Niño	
and	La	Niña	both	contribute	to	natural	climatic	
fluctuation.	

The	 El	 Nio-Southern	 Oscillation	 (ENSO)	 is	 the	
primary form of inter-annual variability in the 
tropics, and it is caused by changes in sea-
surface	 temperatures	 (SSTs)	 in	 the	 equatorial	
Pacific	 Ocean.	 El	 Nio	 is	 typically	 linked	 with	
below-average summer rainfall over most of 
RSA, whilst La Nia is marked by above-average 
rainfall in the southern Africa area. According 
to research, severe summer droughts in South 
Africa are more likely to occur during El Nio 
circumstances	 (Reason	 et	 al.,	 2000;	 Richard	
et	al.,	2000,	2001).	Furthermore,	according	 to	
Landman	and	Beraki	 (2012),	 seasonal	 forecast	
of summer rainfall in RSA is more accurate 
during severe ENSO phases.

According	 to	 Fauchereau	 et	 al.	 (2009),	 the	
relationship	between	ENSO	and	RSA	 rainfall	 is	
considerably more complicated than a simple 
linear	 correlation	 since	 numerous	 factors	

Figure 18   The La Nina rainfall global patterns.
Source: IRI Earth Institute, Columbia University, Data library https://iridl.ldeo.columbia.edu/maproom.

https://iridl.ldeo.columbia.edu/maproom


Climate-Smart Agriculture _ Training Manual
AgrometeorologicAl ApplicAtions for climAte-smArt Agriculture

31

impact	 the	 region's	 climate.	Weather	patterns	
can change in a natural cycle under normal 
circumstances.	These	oscillations	or	fluctuations	
travel	between	two	primary	states,	resulting	in	
both local and distant repercussions. 

Climate change

The	 primary	 distinction	 between	 climatic	
variability and climate change is that a trend in 
one	direction	over	a	time	period	shows	climate	
change. Climate variability refers to the shorter 
variations	 that	 occur	 over	 a	 period	 of	 days,	
seasons, years, or many years (see Figure 19). 
The	mean	substantial	quantifiable	changes	are	
the long-term trend of climate change. Over 
decades,	 for	 example,	 the	 temperature	 grows	
warmer	(or	cooler),	wetter	(or	drier).

In	 scientific	 terms,	 climate	change	 in	 scientific	
terms,	refers	to	a	statistically	significant	variation	
in	either	the	mean	state	of	the	climate	and/or	in	
its	variability,	persisting	for	an	extended	period	
(typically decades or longer). It includes changes 
due	 to	 natural	 internal	 processes	 or	 external	
forcing,	 and/or	 to	 persistent	 anthropogenic	
changes	in	the	composition	of	the	atmosphere	
and/or	in	land	use.	The	Framework	Convention	
on	Climate	Change	 (UNFCCC)	defines	 "climate	
change"	 as:	 "a	 change	 of	 climate	 which	 is	
attributed	 directly	 or	 indirectly	 to	 human	
activity	that	alters	the	composition	of	the	global	
atmosphere	and	which	is	in	addition	to	natural	
climate variability observed over comparable 
time	 periods".	 As	 a	 result,	 the	 UNFCCC	
distinguishes	 between	 climate	 change	 caused	
by	 human	 activities	 that	 affect	 atmospheric	
composition	 and	 climatic	 variability	 caused	by	
natural causes (WMO,	2020;	IPCC,	2014a).	

Figure 19   Time scale indication for weather vs climate variability vs climate change.
Source: IPCC, 2014b.
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4.2 CAUSES OF CLIMATE CHANGE

Overview

This	 section	 explains	 the	 causes	 of	 climate	
change and the major sources of greenhouse 
gases	 as	 well	 as	 the	 greenhouse	 effect.	 This	
helps	participants	comprehend	the	greenhouse	
effect	 and	 the	 influence	 of	 human	 actions	 on	
greenhouse gas emissions. 

The effects of climate change

The	 greenhouse	 effect	 is	 a	 natural	 process	 by	
which	 radiation	 from	 a	 planet’s	 atmosphere	

warms the planet’s surface to a temperature to 
its normal temperature. When the sun’s energy 
reaches the earth’s atmosphere, some of it is 
reflected	back	to	space	and	the	rest	is	absorbed	
and re-radiated by greenhouse gases or the 
earth’s surface. It heats the earth’s land surface 
and oceans, which in turn heat the atmosphere 
by	 infrared	 radiation.	 Most	 of	 that	 energy	 is	
radiated back into space, but some is trapped in 
the ground, the ocean and the atmosphere. The 
absorbed energy warms the atmosphere and 
the surface of the earth. This process maintains 
a warmer earth temperature than it would 
otherwise	be,	thus	allowing	life	on	earth	to	exist	
(see Figure	20).

 

Figure 20   An idealised model of the natural greenhouse effect.
Source: IPCC, 2007.
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A greenhouse gas is a gas that absorbs and emits 
radiant energy within the thermal infrared range. 
Greenhouse	gases	cause	the	greenhouse	effect	
in the atmosphere. The primary greenhouse 
gases in earth's atmosphere are water vapour, 
carbon	 dioxide,	 methane,	 nitrous	 oxide	 and	
ozone	 and	 some	 artificial	 chemicals	 such	 as	
chlorofluorocarbons.	 Without	 greenhouse	
gases, the average temperature of earth's 
surface	would	be	about	minus	18°C	rather	than	
the	present	average	of	15ºC	(https://www.giss.
nasa.gov/research/briefs/ma_01/). 
 
Major greenhouse gases and sources

Human	activities	play	an	 important	role	 in	the	
emission of greenhouse gases. The amount 
of	 carbon	 dioxide	 emitted	 is	 different	 across	

different	regions	of	the	world.	The	estimates	of	
emissions	from	human	activities	totalled	more	
than 46 billion metric tonnes of greenhouse 
gases,	 expressed	 as	 CO2	 equivalents,	
representing	a	35%	increase	over	the	previous	
decade.	 Electricity	 and	 heat	 production	
represents the largest source of greenhouse 
gases emissions globally, mainly due to the 
burning of coal, oil and natural gas (see Figure 
21). Agriculture, forestry and other land use 
sectors are the second most important source of 
emissions, responsible globally for around 24%. 
Other sectors include industry that accounts for 
21% of all emissions, transport – road vehicles, 
trains,	ships	and	aircraft	running	on	fossil	fuels	
accounting	 for	 14%,	 other	 energy	 sources	
accounting	 for	 9.6%	 and	 buildings	 accounting	
for 6.4% (IPCC,	2014a).

Figure 21   Global greenhouse gas emissions by economic sector.
Source: IPCC, 2014a.

https://www.giss.nasa.gov/research/briefs/ma_01
https://www.giss.nasa.gov/research/briefs/ma_01
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The Earth’s atmosphere contains a number of 
greenhouse	 gases,	 in	 different	 concentrations	
(IPCC,	2007):	
•	Water vapour (H2O) is water that evaporates 

from the sea, lakes, rivers and the soil 
surface,	 and/or	 is	 transpired	 by	 plants	
and	often	 felt	as	humidity.	Human	activity	
makes	little	direct	contribution	to	the	large	
amount of water vapour or clouds in the 
atmosphere. 

•	Carbon	 dioxide	 (CO2) is found in nature 
produced by volcanoes and geysers. It 
is	 emitted	 by	 human	 activities	 including	
transport	 and	 energy	 production	 based	
on	combustion	engines	burning	fossil	fuels	
such as coal, mineral oil, gas. All animals 
exhale	it	through	respiration,	as	do	plants	at	
night when they are not photosynthesizing. 
It also enters the atmosphere through the 
decay	 of	 organic	 matter,	 deforestation,	
burning	 vegetation	 and	 certain	 industrial	
processes such as cement-making. 

•	Methane (CH4) enters the atmosphere 
when produced by livestock, as well as by 
microbes in the soil and in water, such as 
in	 flooded	 rice	 fields.	 It	 is	 released	 when	
permanently frozen ground thaws in 
mountains and polar regions and when 
wetlands, marshes, swamps, bogs and 
peatlands are dried. 

•	Fluorinated gases (F-gases) are made by 
humans and used in refrigerators, air-
conditioners,	 foams,	 cosmetics	 and	 fire	
extinguishers.	

•	Nitrous	 oxide	 (N2O) is a greenhouse gas 
produced by farming, including organic and 
synthetic	 fertiliser	 applications,	 industrial	
processes and burning fossil fuels. 

•	Note	 that	 nitrous	 oxide	 is	 different	 from	
other compounds of nitrogen	and	oxygen:	

•	Nitric	oxide	(NO)	and	nitrogen	dioxide	(NO2) 
are	 pollutants	 emitted	 by	 motor	 vehicles	
causing respiratory problems but do not 
cause global warming. 

The	 effects	 of	 the	 GHG on the global 
temperatures are clearly seen in Figure 22, 
where	the	effect	of	 reducing	CO2 emissions to 
reach	 zero	 by	 2030	 or	 2055	 show	 the	 mean	
value	 remaining	 around	 1.5°C	 through	 until	
2100.	

In Figure 22:	(GMST,	grey	line	up	to	2017,	from	the	
HadCRUT4, GISTEMP, Cowtan–Way, and NOAA 
datasets,	change	and	estimated	anthropogenic	
global	warming	 (solid	 orange	 line	up	 to	 2017,	
with	 orange	 shading	 indicating	 assessed	 likely	
range). Orange dashed arrow and horizontal 
orange	error	bar	show	respectively	the	central	
estimate	and	 likely	range	of	the	time	at	which	
1.5°C	is	reached	if	the	current	rate	of	warming	
continues.	The	grey	plume	on	the	right	of	panel	
a shows the likely range of warming responses, 
computed with a simple climate model, to a 
stylized	pathway	(hypothetical	future)	in	which	
net CO2 emissions (grey line in panels b and c) 
decline	in	a	straight	line	from	2020	to	reach	net	
zero	in	2055	and	net	non-CO2	radiative	forcing	
(grey	line	in	panel	d)	increases	to	2030	and	then	
declines. The blue plume in panel a) shows the 
response to faster CO2	 emissions	 reductions	
(blue	line	in	panel	b),	reaching	net	zero	in	2040,	
reducing	 cumulative	 CO2 emissions (panel c). 
The purple plume shows the response to net 
CO2	 emissions	 declining	 to	 zero	 in	 2055,	with	
net non-CO2	 forcing	 remaining	 constant	 after	
2030.	The	vertical	error	bars	on	right	of	panel	
a) show the likely ranges (thin lines) and central 
terciles	(33rd	–	66th	percentiles,	thick	lines)	of	
the	estimated	distribution	of	warming	 in	2100	
under	 these	 three	 stylized	 pathways.	 Vertical	
dotted	error	bars	in	panels	b,	c	and	d	show	the	
likely	range	of	historical	annual	and	cumulative	
global net CO2	emissions	in	2017	(data	from	CO2 
radiative	forcing	in	2011	from	AR5,	respectively.	
Vertical	 axes	 in	 panels	 c	 and	 d	 are	 scaled	 to	
represent	approximately	equal	effects	on	GMST	
(from IPCC,	2018).
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Figure 22   Observed monthly global mean surface temperature.

4.3 OVERVIEW OF PROJECTED 
FUTURE CLIMATE ACROSS RSA

The	 projection	 of	 future	 climate	 change	 in	
South Africa uses two downscaling methods to 
translate changes in the large-scale atmospheric 
circulation	 from	 global	 circulation	 models	
(GCM)	to	finer	spatial	scales,	namely	statistical	
or empirical and dynamical downscaling 

techniques.	 An	 ensemble	 of	 at	 least	 six	 GCM	
are	used	to	obtain	a	general	overall	pattern	to	
include the role of oceanic and atmospheric 
drivers of regional and local climate (Reason 
et	 al.,	 2004,	 Nel	 et	 al.,	 2006).	 The	 change	 is	
expressed	as	an	anomaly	being	 the	difference	
between the average climate over a period of 
the	 last	 several	 decades	 (1971-2000)	 and	 the	
projected	 climate	 (near-future	 2015-2035,	
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mid-future	 2040-2060	 and	 far-future	 2080-
2099)	and	usually	given	for	different	mitigation 
scenarios (e.g. high vs low). For temperature, 
the	10th,	50th	(median)	and	90th	percentiles	are	
shown	for	each	time	period	in	order	to	present	
the ensemble of projected changes (Landman 
&	 Beraki,	 2012).	 For	 rainfall,	 the	 focus	 is	 on	
the	 spatial	 patterns	 of	 change,	 identified	 by	
the	median	 (50th	 percentile)	downscaled	GCM	
response	 in	 order	 to	 identify	 regions	 where	
change is most consistently simulated by the 
ensemble	of	 six	dynamically	downscaled	GCM	
(Davis	et	al.,	2017).	

The	 South	 African	 Third	 National			
Communication	 under	 the	 United	 Nations	
Framework	 Convention	 on	 Climate	 Change	
formulated	in	March	2018	reported	significant	
increases	 in	temperature	under	 low	mitigation	
(DEA,	 2018).	 For	 the	 far-future	 period	 (2080-
2099),	tem¬perature	increases	of	more	than	4°C	
are	likely	over	the	entire	South	African	interior,	
with	higher	increases	(>	6°C)	plausible	over	large	
parts	 of	 the	 western,	 cen¬tral	 and	 northern	
areas.	These	will	be	 linked	to	drastic	 increases	
in the number of heat-wave days and very hot 
days,	 with	 potentially	 devastating	 impacts	 on	
agriculture, water security, biodiversity and 
human	 health.	 However,	 model	 projections	

show	 that	 a	 modest-high	 mitigation	 pathway	
could	still	 significantly	decrease	 the	amplitude	
of	 this	 warming	 –	 most	 projections	 suggest	
that	 under	 RCP4.5,	 for	 example,	 temperature	
increases over the interior can be constrained 
to	 2.5-4°C.	Nevertheless,	 South	Africa	 expects	
relatively	 large	 increases	 in	 near-surface	
temperatures (compared to global average), 
even	under	high-mitigation	futures	(DEA,	2018).

The Long-Term Adaptation Scenarios Flagship 
Research Programme (LTAS) Technical Working 
Group	 on	 Climate	 Scenarios	 (DEA,	 2013)	
developed four climate change scenarios for 
South	Africa,	namely:

1)	 Warmer	and	wetter
2) Warmer and drier
3)	 Hotter	and	wetter
4)	 Hotter	and	drier	

‘Warmer’	is	less	than	3°C	above	the	1961-2000	
baseline	 average;	 ‘hotter’	 is	 more	 than	 3°C	
above	 the	 1961-2000	 baseline	 average	 (see	
Figure 23). For rainfall, ‘drier’ is a future with 
an	 increased	frequency	of	drought	events	and	
slightly	 greater	 frequency	 of	 extreme	 rainfall	
events,	and	‘wetter’	is	a	future	with	significantly	
greater	 frequency	 of	 extreme	 rainfall	 events	
(DEA	2013).	

Figure 23   LTAS phase of plausible climate futures.
Source: DEA, 2018.
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Table 4   Provincial climate change priorities.
Source: DEA, 2018.

Provinces Regional priorities

Eastern Cape
(ECDEDEA, 
2011)	

•	Consider	risks,	impacts	and	limitations	imposed	by	climate	change;	
•	 Impact	of	changing	variables	(e.g.	more	extreme	weather	events)	on	infrastructure	
development.	Specific	attention	to	high	risk	areas	such	as	flood	prone	locations;	

•	 Incorporate	climate	change	mitigation	into	development	plans	and	programmes	
strengthening the green economy; and 

•	Funding	 opportunities	 such	 as	 carbon	 credits	 and	 climate	 change	 adaptation	
funds to be incorporated into development plans and programmes. 

Limpopo
(DEDET, 
2013)	

•	Sustainable	production	and	consumption;	
•	Water management; 
•	Sustainable	waste	management	practices;	
•	Clean	energy	and	energy	efficiency;	
•	Resource	conservation	and	management;	
•	Agriculture,	food	production	and	forestry;	
•	Green buildings and the built environment; 
•	Sustainable transport and infrastructure; and 
•	Green	municipalities.	

Gauteng
(GDARD, 
2012)	

Implementable actions: 
Mitigation:	
•	Energy	efficiency	across	industry,	mining	and	commerce;	
•	Cleaner	production;	
•	Compressed natural gas for vehicles; 
•	Renewable energy projects; and 
•	Agricultural projects that reduce methane emissions. 

Adaptation:	
•	Efficient	and	secure	water	demand	management;	
•	Climate resilient agriculture and agro-processing; 
•	Food	gardens	in	residential	areas	for	subsistence	consumption;	
•	Conservation	of	natural	resources	and	biodiversity	areas;	and	
•	Disaster	risk	planning	and	reduction.	

 

Some of the provinces have formulated their 
own climate change response strategy. These 
strategies evaluate provincial climate risks and 
impacts	whilst	integrating	the	principles	of	the	
National	Climate	Change	Response	Strategy	at	a	
provincial level. 

Regional	priorities	are	defined	 through	a	wide	
range of policy structures which vary across 
the	 provinces	 and	 are	 dependent	 on	 differing	
stakeholder inputs (see Table 4).  
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KwaZulu-
Natal
(DAEA,	2013)	

•	Promotion	of	the	green	economy;	
•	Localisation	of	component	manufacturing	for	the	renewable	energy	sector;	and	
•	 Increased	 focus	 on	 innovation,	 science	 and	 technology	 in	 green	 industries	 at	
tertiary	institutions.	

Western 
Cape
(WCG:	
DEAD&P, 
2014)

Focus areas:
•	Energy	Efficiency	and	Demand-Side	Management;	
•	Renewable Energy; 
•	The	 Built	 Environment,	 including	 Critical	 Infrastructure,	
Human	Settlements	and	Integrated	Waste	Management;	

•	Sustainable Transport; 
•	Water	Security	and	Efficiency;	
•	Biodiversity and Ecosystem Goods and Services; 
•	Coastal and Estuary Management; 
•	Food Security; and 
•	Healthy	Communities
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5 CLIMATE CHANGE AND AGRICULTURE

Overview

The	primary	goal	of	this	section	is	to	explain	the	connections	between	climate	change,	agriculture,	
and	food	security.	It	presents	an	overview	of	some	of	the	potential	consequences	of	climate	change	
on	agro-ecosystems	in	order	to	get	a	better	understanding	of	how	climate	change	affects	agricultural	
growth,	food	security,	and	community	 livelihoods.	The	notion	of	 food	security	 is	 included	to	stress	
that,	in	the	absence	of	adequate	policy	interventions,	climate	change	can	have	a	negative	impact	on	
the	four	aspects	of	nutritional	food	security	(availability,	access,	stability,	and	utilization)	in	both	the	
short and long term.

Key Questions

•	What	are	the	effects	of	climate change on the agricultural sectors?
•	How	is	agriculture	contributing	to	climate	change?
•	What	is	the	relation	between	climate	change	and	food	security?
•	How	do	weather	extremes	jeopardize	food	security	and	nutritional	requirements	of	a	population?
•	Does	climate	change	affect	both	male	and	female	agricultural	producers	in	the	same	way?

Training Objectives

Afterwards,	the	participants	will	be	able	to:
•	 Identify	significant	possible	consequences	of	climate	change	on	agriculture	
•	Recognize	agricultural	producers'	various	vulnerabilities	and	capacities
•	Explain	the	idea	of	food	security	and	its	four	aspects.
•	Describe	the	causes	of	food	insecurity	and	the	solutions	that	address	it.
•	Define	how	different	climatic	shocks	influence	the	four	aspects	of	food	security.

 

5.1 CLIMATE CHANGE AND 
AGRICULTURE 

Overview 

Agriculture	 is	 a	 significant	 sector	 of	 the	 South	
African	 economy,	 accounting	 for	 2.5%	 of	GDP 
in	2017.	Agriculture	and	fishery	output,	on	the	
other hand, is largely dependent on climate. 
This	topic	explores	how	climate	change	affects	
agricultural industries such as crops, livestock, 
forestry, aquaculture, and livelihoods. It also 

investigates	the	effects	of	agriculture	on	climate	
change	and	explains	how	agriculture	contributes	
to	 both	 emissions	 and	 carbon	 sequestration	
in	 soils	 and	 biomass.	 Finally,	 it	 examines	 the	
various greenhouse gas emissions associated 
with	agricultural	practices.

Effects of climate change

Climate	 change	 affects	 the	 agricultural	 sector	
by causing the natural instability and disturbing 
conducive	 environmental	 conditions,	 although	
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for some crops, increases in temperature and 
carbon	dioxide	can	cause	some	crop	yields	also	
to increase in some agro-climatological zones. 
Understanding	 the	 effects	 of	 climate	 change	
on agro-ecosystems is necessary to develop 
adaptation strategies and to design climate-

smart policies. Because agricultural sectors are 
diverse, there are various factors to consider, 
a cross-sectoral approach is necessary (e.g. 
environmental	health	risks	affect	food	security	
and livelihoods) (see Table	5).

Table 5   Selected environmental and health risks in South Africa as highlighted in NCCHAP and LTAS.
Source: DoH, 2019 & DEA, 2013.

Environmental 
health risks Category Example

Heat stress Climate-sensitive	 Temperature	rise	has	a	direct	influence	on	public	and	
occupational	health	(including	on	farms).

Natural disasters Climate-sensitive	 Natural	catastrophes	(such	as	floods,	droughts,	and	wildfires)	
have	both	immediate	and	long-term	effects	on	health.

Housing and 
settlements	 Modifying factors 

Housing, infrastructure, and service delivery can all play a 
role	in	mitigating	numerous	health	hazards	(e.g.	clean	water	
supply	can	mitigate	water-borne	diseases,	improved	thermal	
comfort	in	houses	can	mitigate	heat	stress,	etc.).	

Communicable 
Diseases 

Climate	sensitive	
and modifying 
factor

Communicable	diseases	(for	example,	cholera)	are	climate	
sensitive;	others	are	pre-existing	problems	that	render	people	
more	prone	to	climate-sensitive	diseases,	particularly	in	rural	
regions.

Exposure	to	
air	pollution	
and respiratory 
disease 

Climate-sensitive

Ambient	air	pollution	levels	are	climate-sensitive;	changes	in	
climate	factors	(e.g.	temperature,	relative	humidity,	rainfall)	
impact	pollutant	emissions,	transport	and	deposition.	Can	be	
in farming areas near mines. 

Non-
communicable 
Diseases 

Modifying factor

Many	climate-sensitive	health	risks	-	pre-existing	condition	
make	a	person	more	vulnerable	(e.g.	pre-existing	
cardiovascular disease found to make people more vulnerable 
to heat stress). 

Vector and 
rodent-borne 
diseases 

Climate-sensitive
Changes	in	rainfall	and	temperature	may	have	an	influence	
on	the	geographic	distribution	of	vectors,	particularly	those	
found on farms.

Food insecurity, 
hunger and 
malnutrition	

Climate-sensitive
Climate	change	has	an	influence	on	the	agricultural	and	
fishery	industries,	which	has	an	impact	on	malnutrition.

Mental illness Modifying factor & 
climate	sensitive	

Adverse events, such as natural catastrophes, create a 
favorable	setting	for	the	emergence	of	mental	health	issues,	
particularly	in	rural	agricultural	regions.
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Table 6   Summary of the vulnerability of key socio-economic sectors in South Africa to climate change.
Source: DEA, 2018.

 

Climate	 impacts	 vary	 for	 different	
agrometeorological	zones	and	can	be	extremely	
site	 specific.	 Agricultural	 producers	 have	 had	
varying	 experiences	 depending	 on	 location	
(Schulze,	2016)	including	the	following:
•	The weather and climate are becoming 
more	 unpredictable:	 variations	 in	 rainfall	
patterns,	 prolonged	 dry	 spells,	 delayed	
rainfall	 onsets,	 extreme	 temperatures,	
heatwaves, and severe wind storms, among 
others

•	Shifting	 Seasons:	 early	 or	 late	 arrival	 of	
spring,	 shifting	 of	 planting	 dates,	 delayed	
and	yet	short	planting	season

•	Dry	 spells	 that	 stress	 crops	 at	 different	
growing stages of growth

•	 Increased	 intensity	 of	 extreme	 weather	
events	such	as	drought,	floods,	windstorms,	
downpours and cyclones

•	 Increased pest and disease outbreaks such 
as	army-worm,	locusts,	rift	valley	fever	and	
many others
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Types	of	long-term	trends	and	observations	that	
provide evidence that the earth is warming, are 
as	follows:	
•	Hot days and nights are becoming more 

common
•	Cold snaps are becoming milder and less 
frequent

•	Rivers and lakes are freezing later and 
thawing earlier

•	Rainfall, ecosystems, and other 
environmental systems are altering in ways 
consistent with global warming

•	Specifically	 in	 the	 Northern	 Hemisphere,	
snow cover is diminishing, sea ice is 
shrinking	 in	 both	 extent	 and	 average	
thickness,	and	ice	caps	and/or	glaciers	are	
melting	throughout	the	planet.

The vulnerability of key socio-economic 
sectors was evaluated as shown in Table 6. This 
assessment suggests that there is a rising threat 
to global food security, due to climate change. 
In	 general,	 expected	 climate	 change	 effects	
include	 higher	 temperatures,	 more	 frequent	
extreme	weather	 events,	water	 scarcity,	 rising	

sea	levels,	ocean	acidification,	land	degradation,	
ecosystem	 disruption,	 and	 biodiversity	 loss;	
this could severely compromise agriculture's 
ability to feed the most vulnerable, impeding 
progress	toward	the	eradication	of	hunger	and	
malnutrition	(FAO,	2016a).	

5.2 IMPACTS OF CLIMATE CHANGE 
ON AGRICULTURE

Crops,	cattle,	forestry,	fisheries,	and	aquaculture 
are	 all	 commodities	 that	 rely	 heavily	 on	
climatic	 stability.	 Temperature	 rise	 has	 a	 lot	
of repercussions for agro-ecosystems and 
human	 activities.	 Crop	 production	 for	 food,	
fiber,	 and	 energy	 need	 certain	 weather	 and	
climatic	 conditions,	 such	 as	 ideal	 temperature	
and	adequate	soil	moisture,	to	thrive.	Warmer	
temperatures, on the other hand, may enhance 
crop development in various agro-climatological 
zones across the world. Rainfall is becoming 
more	erratic,	resulting	in	water	scarcity,	shorter	
growing	seasons,	and	more	floods	and	drought	
as illustrated in Figure 24.

Figure 24   Multiple impacts of global warming and climate disruption on agriculture.
Source: http://www.climatechange-foodsecurity.org.

http://www.climatechange-foodsecurity.org
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Crops

Temperature	and	rainfall	extremes	have	a	major	
impact	 on	 agricultural	 productivity	 and	 will	
lower yields of several key crops such as wheat, 
rice, and maize. Cool temperatures can limit 
crop development, but rising temperatures and 
CO2 levels can boost plant growth and harvests. 
Excessive	heat	and	rain	might	destroy	crops	and	
lower	 harvests,	 making	 it	 difficult	 for	 farmers	
to	maintain	production.	Temperature	rises	can	
harm the physical structure of soils, causing 
erosion	and	reducing	soil	fertility	(FAO,	2013).	

Livestock

Climate	 change	 reduces	 livestock	 production	
through altering the availability of natural 
resources	 such	 as	 water,	 feed	 quality	 and	

quantity,	 livestock	 illnesses,	 heat	 stress,	 and	
floods.	 Increased	 unpredictability	 in	 rainfall	
might result in soggy land and a lack of 
drinking	water,	increasing	disease	susceptibility	
(Figure	 25). Heat stress causes animals to 
become	less	resistant	to	infections,	resulting	in	
decreased feed intake, sick states, lower rates 
of	 reproduction	 and	 productivity,	 and	 greater	
death	 rates.	 It	 can	 also	 cause	 variations	 in	
disease	distribution	(FAO,	2016a).	

Aquaculture

Higher	 water	 temperatures	 and	 oxygen	
deficiency	 will	 harm	 aquaculture systems, 
causing	 changes	 in	 productivity	 patterns.	
Unexpected	 and	 abrupt	 changes	 in	 climatic	
trends	will	alter	aquatic	animal	habitats	as	well	
as	the	variety	of	fish	species.	FAO	(2016a).

Figure 25   Conceptual framework on how climate change affects livestock production.
Source: Rahut et al., 2018.
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5.3 GREENHOUSE GAS EMISSIONS 
IN AGRICULTURE

The	greenhouse	gases	of	particular	relevance	to	
the	agricultural	sector	 include	Carbon	dioxide,	
methane	and	nitrous	oxide	(FAO,	2016a)	(Table 
7):	

• Carbon dioxide (CO2) is produced as a result 
of the conversion of forests and grassland 
to	 agricultural	 land,	 soil	 deterioration,	
farm	 machinery	 fuel	 consumption,	
irrigation	system	energy	use,	and	Fertiliser	
manufacture, among other things

• Methane (CH4) is primarily produced by 
enteric	fermentation	during	the	digestion	of	
ruminants	such	as	cattle,	sheep,	and	goats,	
as	 well	 as	 by	 rice	 production	 methods,	
particularly	flooded	rice	systems.	Methane	
emissions are also caused by biomass 
burning, peatland	degradation,	and	manure	
management

• Nitrous oxide (N2O) is mostly caused 
through	the	application	of	synthetic	and	soil	
organic	 fertilisers.	Nitrous	oxide	 emissions	
are also caused by biomass burning, 
manure management, and soil carbon 
mineralization

Table 7   Main sources of greenhouse gas emissions from agriculture.
Source: FAO, 2015.

Enteric 
fermentation

•	GHG	emissions	from	enteric	fermentation	consist	of	methane
•	Methane	is	the	primary	greenhouse	gas	emitted	by	intestinal	fermentation
•	Gas	 generated	 in	 ruminant	 and,	 to	 a	 lesser	 extent,	 non-ruminant	 digestive	

processes
•	Agriculture	accounts	for	40%	of	greenhouse	gas	emissions

Manure left 
on pasture

•	GHG	emissions	from	manure	left	on	pasture	consist	of	nitrous	oxide	gas	from	
nitrogen	additions,	made	by	grazing	livestock,	to	managed	soils.

•	16% of greenhouse gas emissions from agriculture

Synthetic 
Fertilisers

•	GHG	emissions	from	synthetic	fertilisers	consist	of	nitrous	oxide	
•	gas	from	synthetic	nitrogen	additions	to	managed	soils.	
•	12% of greenhouse gas emissions from agriculture

Manure 
management

•	GHG	emissions	from	manure	management	consist	of	methane	and	nitrous	oxide	
gases	from	aerobic	and	anaerobic	manure	decomposition	processes.

•	7% of greenhouse gas emissions from agriculture

Crop residues •	GHG	emissions	from	crop	residues	consist	of	nitrous	oxide	gas	deriving	from	the	
decomposition	of	nitrogen	in	crop	residues,	left	on	managed	soils.

•	4% of greenhouse gas emissions from agriculture

Rice 
cultivation

•	GHG	emissions	from	rice	cultivation	consist	of	methane	gas	from	
•	 the	anaerobic	decomposition	of	organic	matter	in	paddy	fields.	
•	10%	of	greenhouse	gas	emissions	from	agriculture

Burning - 
Savannah

•	GHG	emissions	from	crop	residues	consist	of	nitrous	oxide	gas	deriving	from	the	
decomposition	of	nitrogen	in	crop	residues,	left	on	managed	soils.	

•	4% of greenhouse gas emissions are from agriculture
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Figure 26   Conceptual framework for food security dimensions.
Source: Lapiña et al., 2018.

5.4 CLIMATE CHANGE AND FOOD 
SECURITY

Overview

Agriculture is important for food security since 
it generates the food that people consume. 
It	 also	 provides	 opportunities	 for	 revenue	
generation,	 which	 helps	 to	 improve	 people's	
livelihoods.	 If	 climate	 change	 has	 a	 negative	
impact on agricultural output in Africa's low-
income developing countries, the livelihoods of 
a	significant	number	of	rural	poor	people	would	
be impacted, increasing their vulnerability to 
food insecurity.

One	 of	 the	most	 difficult	 issues	 of	 our	 day	 is	
ensuring food security for a growing global 
population.	 This	 section	 examines	 the	 idea	
of	 food	 security	 and	 defines	 its	 four	 aspects.	
Participants	 will	 comprehend	 how	 climate-
related	 hazards	 have	 direct	 or	 indirect	 effects	
on food security. 

Food security dimensions

Food	security	exists	when	all	people	have	physical	
and	economic	access	access	to	adequate,	safe,	
and	nutritious	food	to	fulfill	their	dietary	needs	
and	 food	 choices	 for	 an	 active	 and	 healthy	
life	 at	 all	 times	 (World	 Food	 Summit,	 1996).	
Agriculture,	forestry,	and	fishing	are	all	climate-
sensitive	 industries.	 A	 well-functioning	 food	
system	leads	to	food	security.	Food	production,	
distribution,	 and	 consumption	 are	 all	 part	 of	
the food system (FAO,	2016a).	Finally,	the	food	
produced	has	an	impact	on	human	nutrition	and	
health.	An	efficient	food	system	benefits	all	four	
dimensions of food security, namely availability, 
access,	utilization,	and	stability	(Figure 26). 
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These measurements are as follows (FAO, 
2016a):	

• Availability	of	sufficient	quantities	of	food	
of	 appropriate	 quality	 supplied	 through	
domestic	production	or	 imports	 (including	
food aid).

• Access	by	individuals	to	adequate	resources	
(also	known	as	entitlements)	 for	acquiring	
appropriate foods for a healthy diet. 

• Utilization of food through appropriate 
diet,	clean	water,	sanitation	and	health	care	
to	achieve	a	state	of	nutritional	well-being	
in which all physiological needs are met.

• Stability in food availability and access, 
independent	 of	 unexpected	 shocks	 (for	
example,	an	economic	or	climatic	crisis)	or	
cyclical events (e.g. seasonal food scarcity).

Changes	in	agricultural	production	patterns	and	
performance have two types of food security 
implications:	 (a)	 impacts	 on	 food	 production	
will	influence	food	supply	at	the	global	and	local	
levels;  and (b) impacts on all forms of agricultural 
production	 will	 affect	 livelihoods	 and	 access	
to food. Food availability is subject to climate 
change	due	to	 its	 increasingly	negative	 impact	
on	agricultural	yields,	fish	supplies,	and	animal	
health	and	productivity.	This	is	particularly	true	

in Sub-Saharan Africa and South Asia, where a 
majority of the world's hungry live. It restricts 
food access by having a detrimental impact on 
rural incomes and livelihoods. Changes in the 
utilization	of	food	will	affect	the	nutrition	status	
of the poor and vulnerable. Climate change, 
for	 example,	 may	 increase	 the	 burden	 of	
diarrhea because higher temperatures promote 
pathogen	 growth	 and	 water	 shortage	 affects	
water	quality	and	hygiene	practices.
Climate variability and an increase in the 
frequency	and	intensity	of	extreme	events	will	
have an impact on the stability of food availability, 
access,	 and	 utilization	 through	 changes	 in	
seasonality,	 more	 pronounced	 fluctuations	 in	
ecosystem	 productivity,	 increased	 supply	 risks	
and decreased supply predictability.

A variety of physical, biological, and biophysical 
effects	 have	 an	 influence	 on	 ecosystems	
and agroecosystems, which in turn has an 
impact	 on	 agricultural	 productivity.	 This	 has	
quantity,	quality,	and	price	consequences,	with	
implications	 for	 farm	 household	 income	 and	
non-farm household purchasing power. These 
impacts have an impact on all four aspects of 
food	security	and	nutrition	(see	Figure 27). 
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Figure 27   Schematic representation of the flowing effects of how climate change affects food security 
and nutrition. 
Source: FAO, 2016b.
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6 AGROMETEOROLOGICAL USE AND APPLICATIONS 

Overview

This topic delves into the use of meteorological data, climate data, and services in agriculture. Because 
every	aspect	of	agricultural	activity	 is	dependent	on	the	weather,	the	use	of	agrometeorology	to	
agriculture	is	essential.	Several	examples	illustrate	how	agrometeorology	can	help	farmers	increase	
farm	management	 efficiency,	 ensure	 the	 sustainability	 of	 their	 business	model,	 achieve	 greater	
yields	and	value,	and	solve	tactical	and	operational	problems.	

Key Questions

•	What is agrometeorology?
•	What	are	the	most	significant	weather	factors	for	agricultural	productivity?
•	What is the concept of crop-climate matching?
•	How are weather	forecasting	and	climate	prediction	utilised	in	agricultural	decision-making?

Training Objectives

After	completing	this	section,	participants	will	be	able	to:
•	Explain	why	it	is	important	to	use	agrometeorological	knowledge	for	decision	making
•	Understand	the	importance	of	weather	forecasts	and	climate	projections
•	Explain	the	concept	of	crop-climate	matching

 

6.1 AGROMETEOROLOGY

Agricultural	 meteorology,	 often	 known	 as	
agrometeorology or Agromet, is the study of the 
effects	of	weather	 and	 climate	on	agriculture.	
This covers all aspects of weather and climate, 
as well as other environmental variables, that 
have	an	impact	on	the	entire	agricultural	system,	
which	is	utilised	to	produce	food,	fiber,	fodder,	
and fuel from both livestock and crops systems. 
As previously said, the growth of crops and 
livestock,	 or	 plants	 and	 animals,	 is	 influenced	
by the environmental circumstances to which 

they are subjected. Because circumstances are 
constantly changing during every growth and 
development cycle, both the individual daily 
effects	 and	 the	 cumulative	 effects	 must	 be	
considered. 

Agrometeorologists use their knowledge of 
climate and weather processes, as well as 
their	 interactions	 with	 agricultural	 systems,	
to	 evaluate	 and	 assess	 the	 effects	 of	 changes	
on	 productivity	 and	 sustainability	 at	 various	
levels	 (regional,	 national,	 provincial,	 district,	
municipality,	farm,	field,	crop,	plant,	leaf-root).
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6.2 USE OF CLIMATE 
INFORMATION IN 
AGRICULTURE IN SOUTH 
AFRICA

The	 successful	 application	 of	 weather	 and	
climate	 information	 needs	 to	 integrate	 three	
components:	 data,	 analysis,	 and	 users.	 Users	
can	 be	 defined	 as	 any	 agricultural	 decision	
maker, such as farmers, farm managers, 
extension	 practitioners,	 other	 intermediaries	
/	 advisors,	NGOs,	 government	 officials,	media	
representatives,	 or	 the	 general	 public.	 An	
analysis of these data is needed to address 
issues and try to solve or address an agricultural 
challenge or problem. Government policy 
makers	 in	 the	 agricultural	 sector	 benefit	 from	
agrometeorological	 applications.	 Among	other	
things,	 food	 supply	 and	 price,	 sufficient	 farm	
income for farmers, and reducing the impact of 
agricultural	practices	on	the	environment	are	a	
few	priorities.

Information	 and	 applications	 from	
agrometeorology are useful in both temporal 
and	geographical	settings.	Strategic	applications	
are	 characterized	 in	 a	 temporal	 context	 as	
those	 that	 provide	 information	 on	 issues	 and	
decisions that are evaluated on a seasonal 
or	 annual	 basis.	 Such	 applications	 of	 climate	
information	to	farming	can	help	in	the	planning	
process, whether it's deciding which crop or 
variety to plant, or whether an area should 
be	 used	 for	 forage	 crops	 and/or	 livestock,	 or	
designing greenhouses or animal shelters, or 
assisting	 governments	 in	 setting	 agricultural	
pricing policies.

Alternatively,	 agrometeorological	 knowledge	
can	be	employed	at	a	tactical	or	operational	level	
in	applications	involving	short-term	operational	
choices spanning a few hours to a few days 
or	 weeks.	 These	 frequently	 entail	 decisions	

for	 farm	 activities	 such	 as	 growing,	 irrigating,	
spraying,	and	harvesting	that	are	dependent	on	
the	state	of	 the	crop	and	present	or	expected	
weather	conditions.

In the framework of agrometeorological 
applications,	 both	 macroclimate	 and	
mesoclimate	 conditions	 must	 be	 considered.	
Macro-climate	is	the	most	extensive	and	spans	
vast	 regions	of	a	 continent	 (millions	of	 square	
kilometers), dealing with the interplay of large-
scale topography such as mountain ranges, huge 
lakes, and ocean impacts with air masses. Climate 
features	at	the	macroclimate	scale	should	offer	
information	 on	 the	 appropriateness	 of	 a	 farm	
and whether the farm may be constrained by 
pest,	 disease,	 and	 operational	 time	 issues.	
Meso-climate is more closely connected to a 
farmer's	perception	of	the	weather	in	their	own	
farm's region.

Local	 surface	 characteristics	 such	 as	 hills,	
tiny	 mountains,	 forests,	 or	 vast	 plains	 have	 a	
unique	 influence.	 A	 country	 may	 have	 only	 a	
few macroclimate zones, but it will have several 
mesoclimate	 zones.	 This	 leads	 to	 a	 better	
understanding of agrometeorological zones, 
crop suitability, animal adaptability, and climate-
smart	agricultural	production	systems	that	may	
be	 implemented	 depending	 on	 the	 unique	
region. Furthermore, micro-climate refers to 
the environment near the earth, where the 
majority of plants and animals reside.

Micrometeorology is concerned with the 
physical processes that occur within the 
boundary layers of the atmosphere above the 
crop, which includes the area inside the canopy 
or	surrounding	animals	and	extends	down	into	
the	soil	profile	where	the	roots	develop.

There	are	 several	 advantages	 to	using	existing	
meteorological	 information	 connected	 to	 the	
agricultural	 production	 system	 to	 generate	
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warnings	 in	 agrometeorological	 applications.	
The	 productivity	 of	 a	 region	 or	 of	 a	 specific	
agricultural	 operation	 may	 be	 enhanced	 by	
reducing various types of losses caused by 
unfavorable climate and weather, as well as by 
making	better	use	of	labor	and	equipment.	On	
the	farm,	greater	effort	economy	is	accomplished	
by	 reducing	 tasks	 that	 have	 little	 value	 or	 are	
possibly hazardous. All of these factors improve 
manufacturing	 competitiveness,	 decrease	 risk,	
and assist to lower end product costs.

By developing and using climate-smart 
technology, agricultural meteorology has 
switched from improving yields to minimizing 
the	 environmental	 effect	 of	 agricultural	
Fertiliser and pesticide use for pest and disease 
control.	 Optimising	 agricultural	 productivity	 is	
still	a	priority,	but	there	is	a	greater	emphasis	on	

achieving	 sustainable	 agricultural	 production	
while	mitigating	weather-related	 hazards	 such	
as	the	effect	of	pests	and	diseases	such	as	locust	
outbreaks or armyworm.

Use of weather forecasts 

Weather forecasts	(	example	provided	in	Figure 
28)	 can	 help	 farmers	make	 better	 agricultural	
decisions,	 while	 extreme	 weather	 alerts	 can	
help save lives, animals, and property. Weather 
forecasting	is	the	use	of	science	and	technology	
to	forecast	atmospheric	conditions	at	a	certain	
area	and	time.	Temperature	and	rainfall	forecasts	
are	critical	to	agricultural	decision	making	at	the	
farm	level	for	daily	routine	activities	in	order	to	
optimise	 resources	 and	minimize	 unnecessary	
spending.  

Figure 28   An example of a 7 day weather forecast from 12 October 2021 for Potchefstroom.
Sourse: SAWS www.weathersa.co.za.

www.weathersa.co.za
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Agromet	 recommendations	 based	 on	 a	 broad	
daily	 weather	 prediction	will	 assist	 farmers	 in	
better	 using	 weather	 information	 by	 adding	
agricultural relevant value to their farm 
decisions. 

A	 prediction	 for	 the	 next	week	 or	 10-14	 days	
is	 required	 for	 short-term	 planning	 of	 farm	
activities	 (Figure 29). When developing the 
operating	 plan	 for	 the	 following	 week,	 the	
impact of each weather parameter on individual 
farming	 operations	 should	 be	 thoroughly	
considered	 and	 analyzed.	 For	 example,	 high	
temperatures and windy circumstances during 
the noon period might cause pesticide spray 
to be blown away, evaporate, and not reach 
the crop canopy. As a result, it is necessary 
to	 evaluate	 the	 weather	 prediction	 before	 to	
spraying	activities	and	utilise	it	to	choose	when	
to	spray.	The	weather	prediction	may	be	used	to	
determine the likelihood (probability) of rainfall 
in the following days, which can then be used to 
schedule	spraying	applications.

Use of seasonal climate outlooks

Seasonal	 forecasts	 for	 the	 next	 3	months	 are	
now	 firmly	 established.	 Seasonal	 predictions	

are provided from worldwide climate centers 
such as NOAA, IRI, and the Australian Bureau of 
Meteorology (AU-BOM), as well as numerous 
climate groups in SA (e.g. SAWS, UCT-CSAG, 
CSIR, UP).	 These	 seasonal	 predictions	 show	
a map of SA with the predicted likelihood of 
rainfall (as shown in Figure	30) and temperature 
(maximum	and	 lowest)	 (see	Figure 31)	relative	
to	the	long-term	normal	values	for	the	specified	
locales. Typically, seasonal forecasts are updated 
every month for the following - month period, 
as	well	as	for	the	next	3-6	months	in	the	future.	
The probability can therefore be interpreted as 
the	likelihood	of	receiving	a	certain	quantity	of	
rainfall	during	the	next	three	months.	

 Such data may be used to make season-planning 
decisions,	 such	 as	 crop	 or	 cultivar	 selection,	
plant	 population	 selection,	 or	 deciding	 which	
areas	 to	 employ	 for	 certain	 farming	 activities.	
For	 example,	 if	 there	 is	 a	 high	 likelihood	 of	 a	
rainy season (above-average rainfall), low-lying 
areas and heavy clay soils should be avoided 
since they are likely to get waterlogged, causing 
crop loss. In contrast, if the likelihood of a dry 
season (less than average rainfall) is high, it may 
be	prudent	to	grow	a	smaller	plant	population	
of	a	drought-tolerant	cultivar	on	soils	 that	can	
store more water. 

Figure 29   A seven-day graphical weather forecast from 12 October 2021 for Potchefstroom.
Source: SAWS www.weathersa.co.za.

www.weathersa.co.za
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Climatological		seasonal		totals		for		precipitation		
during August-September-October(ASO;  top), 
September-October-November(SON;		bottom	left)		
and	October-November-December(OND;	bottom	
right). 

The multi-model rainfall forecast indicates mostly 
above-normal rainfall for the north-eastern half of 
the country throughout the spring to early summer 
seasons (ASO, SON and OND), whereas the south-
western half, which falls outside the parts which 
receive summer rainfall, is mostly expected to 
receive below-normal rainfall. 

The	seasonal	predictions	are	based	on	a	mix	of	
observed surface temperature (SSTs) and the 
output of an ensemble (or group) of GCM or 
regional climate models run with downscaled 
data	as	input.	Farmers	might	use	this	information	
to	 manage	 their	 operations	 (Thomas	 et	 al.,	
2007).

The	 Earth's	 land	 resources	 are	 finite,	 but	 the	
number of people that the land must support 
is	 continually	 increasing.	 This	 presents	 a	
significant	 challenge	 for	 agriculture.	 To	 fulfill	

rapidly	 increasing	 demand,	 production	 must	
be	 expanded	 while	 natural	 resources	 must	
be conserved. More agricultural research is 
needed to provide farmers, policymakers, and 
other	decision-makers	with	information	on	how	
to achieve sustainable agriculture in the face 
of global climate variability.	 Crop	 simulation	
models	 are	 models	 that	 imitate	 and	 explain	
crop growth and development processes as a 
function	of	weather,	soil,	and	crop	management	
techniques.
 

Figure 30   Rainfall seasonal prediction issued July 2021.
Source: SAWS www.weathersa.co.za.

www.weathersa.co.za
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Figure 31   Temperature seasonal prediction issued October 2019.
Source: SAWS www.weathersa.co.za

www.weathersa.co.za
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Use of crop models

Crop models may be used to predict when 
these development stages will be reached, 
the biomass of crop components (e.g., leaves, 
stems, roots, and harvestable products) as they 
vary	 over	 time,	 and	 changes	 in	 soil	 moisture	
and nutrient status. They also forecast the yield 
based on the supplied parameters and daily 
climatic	data.

Crop models have been classified into three 
broad categories:

1. Statistical models:	 These	 rely	 on	 vast	
amounts	of	data	 to	find	broad	trends.	
The	 two	primary	patterns	 found	are	a	
secular tendency of increasing crop 
production	 over	 time	 and	 variance	
dependent	on	weather	conditions	and	
Fertiliser	use.

2. Mechanistic models:	 These	 seek	 to	
mimic	particular	outcomes	by	utilizing	

fundamental mechanisms of plant and 
soil	 activities.	 These	 models	 simulate	
crop growth based on the impact of 
various environmental variables on 
crop growth and development. The 
DSSAT and APSIM model families are 
examples	 of	mechanistic	 crop	models	
that	have	been	utilised	for	a	variety	of	
cropping systems (see Figure 32). 

3. Functional models:	 These	 mimic	
complicated processes by using simpler 
closed	 functional	 forms.	 The	 Penman	
equation	is	one	example	of	an	equation	
that	 might	 be	 utilised	 as	 part	 of	 a	
functional	 model.	 Functional	 models	
are generally performed with a daily 
time	step,	and	the	data	can	be	updated	
regularly.	FAO-AquaCrop	is	an	example	
of	such	a	crop	irrigation	scheme	(Figure 
32).

Figure 32   Examples of crop models utilised for agricultural decision making: FAO-AquaCrop for 
irrigation, and DSSAT for a range of major field crops.

Components of AquaCrop, FAO model Overview of the components and sub-
modular structure of DSSAT-CSM
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6.3 DEVELOPMENT AND DELIVERY 
OF AGROMET ADVISORIES

Agromet advisories are created by combining 
meteorological	 predictions	 and	 seasonal	
forecasts	for	a	specific	region	with	information	
relevant to that region's farming systems. 
They	 provide	 a	 description	 of	 the	 predicted	
meteorological	conditions,	as	well	as	information	
on	how	they	will	affect	agricultural	and	livestock	
output.	 Farmers,	 extension	 practitioners,	 and	
agri-business will receive agromet services on 
a	 regular	 basis.	 Scientific	 weather	 forecasting	
numerical models and climate monitoring 
systems, added value to create tailored 
forecasts for the agricultural sector, and a good 
two-way	communication	system	to	deliver	and	
receive	 feedback	 are	 all	 required	 components	
for	 an	 effective	 agrometeorological	 advisory	
system. Transdisciplinary teams should be 
created	 to	 develop	 effective	 integrated	
methods	 for	 interpreting	 weather	 predictions	
in	connection	to	local	agricultural	management	
choices, and then to consistently prepare and 
distribute them to the farming community at 
the	 appropriate	 time.	 Traditionally,	 they	 are	
given in the form of agricultural outlooks or 
crop	 bulletins	 in	 print	 media	 and	 transmitted	
to consumers via email and websites. CAPES 
(Nanja	&	Walker,	2011	)	and	Science	Field	Shops	
in Indonesia co-developed with rice farmers are 
examples	of	collaborative	initiatives	to	produce	
agromet	 advisories	 (Winarto	 et	 al.,	 2018).	
Currently,	 more	 complex	 technologies	 are	
utilised	 for	 the	 production	 and	 distribution	 of	
Agromet	warnings,	with	information	being	sent	
to	consumers	via	mobile	applications	and	APIs. 
AgriCloud	is	an	example	of	an	agromet	service	
(Walker,	2020).	

AgriCloud is an online weather-based 
agricultural	 advisory	 system	 that	 is	 offered	
as a mobile phone App or through an API 

subscription	 to	 a	 platform	 or	 site.	 AgriCloud	
augments meteorological and climate data with 
agricultural	 information	 and	 models,	 as	 well	
as	 local	expertise,	to	create	tailored	advisories	
in	 real	 time.	 It	 assists	 farmers	 in	making	well-
informed farm management decisions in order 
to	 decrease	weather/climate-related	 risks	 and	
optimise	 farm	 inputs,	 resulting	 in	 increased	
food	production	in	a	sustainable	way.	AgriCloud	
was	 created	 by	 a	 collaboration	 that	 included	
ARC, SAWS, HydroLogic, and other Dutch 
partners as part of the Rain4Africa project 
(www.rain4africa.org) and was sponsored 
by	 the	 Netherlands	 Space	 Office	 under	 the	
G4AW program (https://g4aw.spaceoffice.nl/en/
projects/g4aw-projects).

AgriCloud	 offers	 a	 practical	 way	 to	 adapt	 to	
climate	change	and	unpredictability	by	utilizing	
both long-term climate data and current 
weather forecasts (see Figure 33). As a result, it 
is	a	valuable	tool	for	integrating	agronomic	crop	
information	 with	 current	 short-term	 weather	
projections	 and	 providing	 recommendations	
for	the	next	10	days	(Walker,	2020).	AgriCloud,	
for	example,	offers	 farmers	with	planting	date	
guidance (Figure 33g) for their own farm at 
their	 own	 location	 (Figure 33c), on their own 
phone, and in their own language (Figure 33d), 
with daily updates. It also provides spraying 
recommendations	 (Figure 33f). The mobile 
App	 also	 offers	 a	 way	 for	 farmers	 to	 provide	
comments	 on	 current	 weather	 conditions	
through crowdsourcing.

This	 offers	 opportunity	 for	 life-long	 learning	
for	 farmers	 to	 better	 understand	 the	 agro-
environmental	systems	on	their	farm.	Extension	
practitioners	 play	 a	 vital	 role	 in	 disseminating	
agro-climate	 information	 by	 assisting	 farmers	
(without	 smart	 phones)	 to	 access	 information	
for their own farm, while they also obtain a 
general	view	of	conditions	across	a	wider	area.

www.rain4africa.org
https://g4aw.spaceoffice.nl/en/projects/g4aw
https://g4aw.spaceoffice.nl/en/projects/g4aw
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(a)    (b)    (c)
 

  
(d)    (e)    (f)
     

  
(g) 

Figure 33   AgriCloud App available from GooglePlay store (a) to provide farmers with advisory service 
(f&g) in their own languages (d) on their own phone for their own farm (c).
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Farmers may use this chance for life-long 
learning	to	better	understand	their	farm's	agro-
environmental	systems.	Extension	practitioners	
play	 an	 important	 role	 in	 distributing	 agro-
climate	information	by	aiding	farmers	(who	do	
not	have	smart	phones)	in	accessing	information	
for	their	particular	farm	while	also	obtaining	a	
broad	picture	of	conditions	across	a	larger	area.

Based on the rainfall received in the previous 
10	days	and	the	weather	prediction	for	the	next	
10	days,	AgriCloud	gives	farm-specific	advice	for	
particular	locations	(see	Figure 33c)	for	planting	
of summer rain-fed crops (Figure 33g) such as 
maize.

This allows farmers to coordinate their soil 
preparation	 and	 fertiliser	 application	 activities	
in	 preparation	 for	 seed	 planting	 at	 the	 most	
appropriate moment. Weather forecasts for 
the	 following	 three	 days	 are	 frequently	 used	

to determine when to spray herbicides or 
insecticides	(Figure 33f).		Farmers	may	thus	utilise	
this	 knowledge	 to	 plan	 their	 next	 agronomic	
field	activities	and	labor	requirements	in	order	
to prevent unfavorable weather circumstances 
that could result in agrochemical waste.

AgriCloud is available for free download from the 
Google Play Store (Figure 33a&b). Then you must 
register	as	a	farmer,	which	includes	pinpointing	
your	 specific	 position	 on	 an	 interactive	 map	
(Figure 33c).	The	next	stage	is	to	decide	which	of	
the	11	accessible	 local	 languages	—	Afrikaans,	
English, isiNdebele, IsiXhosa, IsiZulu, Sepedi, 
Sesotho,	 Setswana,	 siSwati,	 Tshivenda,	 and	
Xitsonga	–	would	be	used.	After	a	few	moments,	
your	farm's	advisories	will	be	ready	for	planting	
and spraying rain-fed crops.  These warnings are 
updated daily, so you may consult them each 
morning and plan accordingly. 
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7 WHAT IS CLIMATE-SMART AGRICULTURE? 

Overview

This	section	 introduces	 the	concept	of	Climate-Smart	Agriculture	 (CSA)	as	a	means	 to	 increasing	
agricultural	 productivity	 while	 overcoming	 climate	 change	 issues.	 It	 is	 a	 concept	 that	 looks	 at	
methods	to	preserve	and	increase	food	security,	assist	farmers	in	adapting	to	climate	change,	and	
reduce greenhouse gas emissions in the atmosphere. This lesson also elaborates on the fact that 
Climate-Smart	Agriculture	 is	 a	 holistic	 strategy	 that	 integrates	 all	 essential	 disciplines	within	 the	
agricultural sector, such as soil, water, crop, grassland, animal and climate sciences, entomology, 
and farm management. It involves comprehensive capacity building at several levels with the goal 
of fostering behavioral change. CSA is a necessary strategy to cope with climate change through 
sustainable agriculture systems based on the concepts of integrated water, land, and ecosystem 
management	at	 the	 landscape	scale.	 It	 consists	of	a	 set	of	 tried-and-true	practical	 strategies	 for	
increasing agricultural output. 

Key Questions

•	What is CSA?
•	What	is	unique	about	CSA	to	current	agricultural	practices?
•	How does CSA contribute to adaptation, mitigation and food security?
•	 Is CSA the answer to climate related issues faced by farmers?

Training Objectives

On	completion	of	this	module,	participants	will	be	able	to:
•	Explain	the	concept	and	the	perspective	of	Climate-Smart	Agriculture
•	Characterise	the	importance	to	implement	sustainable	agricultural	practices	for	food	security
•	Describe	the	concept	of	adaptation	and	mitigation	and	its	practices	and	provide	examples	
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7.1 CLIMATE-SMART 
AGRICULTURE

Overview

This	 section	 focuses	 on	 the	 idea	 of	 Climate-
Smart Agriculture and its key elements. It 
further	emphasizes	its	three	goals:	food	security,	
adaptation, and mitigation.	 It	 also	 investigates	
the	 notion	 of	 Climate-Smart	 Agriculture	 for	
various agricultural companies. Furthermore, 
this	 training	 allows	 participants	 to	 examine	
prevalent	behaviors	in	their	region	critically	and	
assess	their	good	and	bad	consequences.

Definition and characteristics

Climate-Smart Agriculture (CSA) addresses 
food security and climate issues concurrently, 
therefore	 integrating	 the	 three	 pillars	 of	
sustainable development (economic, social, and 
environmental).	It	is	built	on	three	major	pillars:	

1)		 Increasing	 agricultural	 production	 and	
incomes in a sustainable manner

2)	 Adapting	 to	 and	 creating	 resilience to 
climate change

3)	 Reducing	 and/or	 eliminating	
greenhouse gas emissions whenever 
practicable.

CSA	is	a	strategy	for	creating	the	technological,	
policy,	and	investment	conditions	for	long-term	
agricultural development and food security 
in the face of climate change. The scale, 
timeliness,	and	broad	reach	of	climate	change's	

effects	 on	 agricultural	 systems	 generate	 an	
urgent	need	to	guarantee	complete	integration	
of	these	consequences	into	national	agricultural	
planning, investments, and programs. The CSA 
strategy	is	intended	to	identify	and	operationalize	
sustainable agricultural growth within the clear 
constraints of climate change (FAO,	 2017).
Climate-Smart	 Agriculture	 is	 a	 site-specific	
strategy rather than a universal one. Climate-
Smart Agriculture is thus heavily evidence-
based,	with	 the	goal	of	 identifying	 techniques	
that	 are	 appropriate	 for	 the	 local	 setting.	 This	
foundation	 is	 based	on	 a	 process	 of	 acquiring	
information	and	engaging	in	conversation	about	
the	technologies	and	practices	that	a	particular	
country has emphasized in its agricultural 
planning.

The	 approaches	 and	 consequences	 of	 current	
agriculture and Climate-Smart Agriculture vary 
(Table 8;	FAO,	2013):

• Agriculture today:	Governments,	extension	
services, and agricultural development 
initiatives	 improve	 agricultural	 production	
and	 productivity	 by	 expanding	 cultivated	
land, introducing new farming technology, 
and encouraging farmers to specialize in 
specific	crops	or	livestock	types

• Climate-Smart Agriculture:	 Interventions	
targeted	 at	 increasing	 production	 and	
productivity,	 therefore	 enhancing	 food	
security,	 but	 with	 two	 additional	 goals:	
assisting	 farmers	 in	 adapting	 to	 climate	
change and lowering greenhouse gas levels 
in the atmosphere 
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Table 8   Comparing current agriculture practices and CSA.
Source: FAO, 2013.

Current agricultural practices Climate-Smart Agriculture

Land Expand	agricultural	area	through	
deforestation	and	converting	grasslands	
to cropland.

Instead	of	expanding	into	new	regions,	
intensify	usage	of	current	locations.
Rather	than	deforesting	new	regions,	
increase	the	c	land	area	by	rehabilitating	
damaged land.

Natural 
resources

Make the best use of natural resources 
- the land, water, forests, and soils 
needed in industry - while giving 
little	consideration	to	their	long-term	
sustainability.

Restore,	conserve,	and	utilise	natural	
resources in a sustainable manner.

Varieties	and	
breeds

Rely on a few crops, as well as a few 
high-yielding kinds and breeds.

To	sustain	production,	improve	yields,	
and assure stability in the face of 
climatic	change,	use	a	combination	of	
old and new, regionally suited types and 
breeds.

Inputs Increase the use of fertiliser, 
insecticides,	and	herbicides.

•	 Increase	 the	 efficiency	 with	 which	
agrochemicals are used

•	 Integrated	management	 techniques	
can be used to control pests and 
weeds

•	Compost, manure, and green 
manure should all be used

•	Rotate	 crops	 with	 legumes	 to	 fix	
nitrogen and decrease the need for 
synthetic	fertilisers

Energy use Use	farm	equipment	that	typically	runs	
on fossil fuels, such as tractors and 
diesel pumps.

Use energy-saving technologies such as 
solar power and biofuels.

Production	
and 
marketing

To	increase	efficiency,	specialise	
manufacturing	and	marketing	must	be	
adopted. 

Diversify	production	and	marketing	to	
add stability and reduce risk.
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CSA	 is	 an	 approach	 that	 requires	 site-specific	
assessments	 to	 identify	 suitable	 agricultural	
production	 technologies	 and	 practices	 as	
follows:	

1)	 addresses	the	complex	interconnected	
issues of food security, development, 
and climate change while developing 
integrated	 solutions	 that	 produce	
synergies and advantages while 
minimizing	trade-offs

2)	 acknowledges	 that	 these	 alternatives	
will be molded by the circumstances 
and	capacities	of	a	specific	country,	as	
well	 as	 the	 unique	 social,	 economic,	
and environmental scenario in which 
they will be used

3)	 assesses	 the	 interactions	 between	
sectors	 and	 the	 needs	 of	 different	
stakeholders

4)	 analyzes	adoption	hurdles,	particularly	
among farmers, and proposes suitable 
solutions	 in	 the	 form	 of	 policies,	
strategies,	activities,	and	incentives

5)	 seeks	 to	 create	 conducive	 conditions	
through	 better	 policy,	 financial,	 and	
institutional	alignment

6)	 attempts	 to	 attain	 numerous	 goals	
while	 realizing	 that	 priorities	 must	
be	 established	 and	 collaborative	
judgments made on various advantages 
and	trade-offs

7)	 Prioritises	increasing	access	to	services,	
information,	 resources	 (including	
genetic	 resources),	 financial	 products,	
and markets in order to enhance 
livelihoods,	 particularly	 those	 of	
smallholders

8) emphasizes  and resilience to shocks, 
particularly	those	connected	to	climate	
change, given the severity of the 
consequences	 of	 climate	 change	 on	
agricultural and rural development;

9) views climate change mitigation as 
a	 possible	 secondary	 co-benefit,	
particularly	 for	 low-income,	
agricultural-based	communities;

10)	 	 aims	 to	 find	 and	 combine	 options	
for accessing climate-related funding 
with	 existing	 sources	 of	 agricultural	
investment	finance.

Climate change has both direct and indirect 
effects	 on	 entire	 food	 systems	 as	 well	 as	 the	
four components of food security. Figure 34 
which	depicts	 the	 connections	 between	 types	
of droughts and the impact of drought, is an 
excellent	 illustration.	 Food	 security	 is	 a	major	
goal of CSA, which strives to enhance agricultural 
production	 (see	 Table 9) and revenue from 
crops,	animals,	and	fisheries	while	not	negatively	
impacting	 the	 environment	 or	 marginalized	
social and economic groups. Climate change 
adaptation	 requires	an	understanding	of	agro-
ecological concepts. Improving water resource 
management	is	another	area	where	innovation	
may	 be	 beneficial	 in	 mitigating	 the	 effects	 of	
climate change. All of these methods help with 
carbon and nitrogen control.

The pursuit of sustainable agriculture has 
resulted in the discovery of agro-ecological 
concepts	 that	 may	 be	 used	 internationally.	 It	
is a comprehensive strategy that focuses on 
implementing	 the	 fundamental	 principles	 for	
fulfilling	 local	 needs	 in	 a	 sustainable	 manner.	
Instead	 than	 relying	 on	 external	 inputs,	 agro-
ecological principles are largely a mimicking of 
natural	processes	 in	order	 to	produce	positive	
biological	interactions	and	synergies	among	the	
components	of	the	agroecosystem	(Parmentier,	
2014).	 Technology	 is	 not	 universal;	 it	must	 be	
adapted to the local environmental and social 
conditions.	As	a	result,	context-specific	solutions	
are	constantly	required,	as	they	must	adapt	to	
local	conditions.
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Relationships between meteorological, agricultural, hydrological, and socioeconomic drought

Agro-ecological	principles	(Nicholls	et	al.,	2016):
•	 Improve	biomass	recycling,	organic	matter	
decomposition,	and	nutrient	cycling.

•	 Increase the resilience of agricultural 
systems	by	increasing	functional	biodiversity	
and establishing homes for natural insect 
foes.

•	Provide	 the	 best	 soil	 conditions	 for	 plant	
development	by	controlling	organic	matter	
and	increasing	soil	biological	activity

•	Reduce	energy,	water,	nutrient,	and	genetic	
resource losses through improving soil 
and	 water	 resource	 conservation	 and	
regeneration,	as	well	as	agrobiodiversity

•	Diversify the agro-species ecosystem's and 
genetic	resources	through	time	and	place,	
at	the	field	and	landscape	levels

•	 Improve	 biological	 interactions	 and	
synergies among agrobiodiversity 
components,	therefore	enhancing	essential	
ecological processes and services

Figure 34   Sequence of drought occurrence and impacts for commonly accepted drought types. All 
droughts originate from a deficiency of rainfall or meteorological drought but other types of drought and 
impacts cascade from this deficiency.
Source: USA National Drought Mitigation Center University of Nebraska-Lincoln, 
https://drought.unl.edu/Education/DroughtIn-depth/TypesofDrought.aspx.

https://drought.unl.edu/Education/DroughtIn-depth/TypesofDrought.aspx
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Table 9   Description of some sustainable agricultural practices.
Source: FAO and IFAD, 2015.

Zero-tillage	or	no-
tillage

Exposing	the	soil	only	where	the	seeds	are	placed,	with	minimal	soil	
disturbance	and	retention	of	plant	residues	on	surface.

Adoption	of	nitrogen 
efficient	crop	varieties

Increases	agricultural	productivity	and	minimizes	nitrogen	losses	from	
the	soil.	Example:	varieties	that	use	nitrogen	more	efficiently	will	produce	
global yield increase for rice.

Adoption	of	drought	
and heat-tolerant crop 
variety	cultivation

Specifically	designed	to	resist	specific	climate	related	challenges,	like	
droughts,	floods,	saline	or	acidic	soils,	and	pests.
Example:	adopting	varieties	resistant	to	heat	and	drought	can	produce	
global yield increase for maize.

Improved feed 
management

Storing	fodder	such	as	stover,	legumes,	grass	and,	grain	and	making	better	
use	of	feed	by	combining	types,	growing	grass	varieties	specifically	suited	
to the agro-ecological zone.

Livestock manure 
management

The	collection	and	storage	of	livestock	manure	for	future	application	to	
producers’	fields.	It	dries	and	composts	during	storage.

Water	harvesting	
irrigation

Collects	water	from	a	surface	area	for	irrigation	or	for	improved	filtration.	
These systems can be small or large, ranging from individual farms and 
plots to a much more considerable area. Structures can include open 
water ditches and water pans that must be managed well to avoid insects’ 
proliferation,	as	well	as	closed	tanks	and	cisterns.

Drip	irrigation

A	form	of	irrigation	that	allows	water	to	drip	slowly	to	the	roots	of	many	
different	plants	thanks	to	a	network	of	pipes,	tubing	and	emitters.	Narrow	
tubes deliver water directly to the base of the plant. It saves water and 
fertilisers.

Climate variability has always been a source of 
agricultural	output	inconsistency	since	it	affects	
agricultural systems in a variety of ways. The 
season may be above, below, or normal, but 
it will eventually be hot or cold, wet or dry. 
As	 a	 result,	 adaptive	 techniques	 are	 required	
to	 produce	 enough	 food	 for	 consumption	 as	
well	 as	 surplus	 for	 revenue	 creation.	 During	
extreme	weather	 events,	 circumstances	might	
become	hotter,	wetter,	or	drier,	resulting	in	crop	
loss	 and	 livestock	 fatalities.	 Table	 10 presents 
innovative	ideas	as	well	as	traditional	practices	
as	viable	responses	to	context	and	site-specific	
situations.	FAO	(2016)	emphasizes	interrelated	
adaptation categories for smallholder farmers 

aimed at decreasing vulnerability and improving 
sustainable	 development:	 agriculture	 and	
livelihood	diversification,	 farmer	assistance	 for	
managing	agricultural	risk,	gender	equality,	and	
migration.	Furthermore,	these	foster	resilience,	
which means that the agricultural system is less 
sensitive	 to	 shocks	 over	time	and	may	 readily	
restore its strength. Resilience is accomplished 
through	 reducing	 exposure	 and	 vulnerability	
and	 increasing	 adaptive	 capability.	 These	 can	
be carried out in the biophysical, economic, or 
social realms. In the event of a drought, one 
example	would	 be	 the	 transportation	of	 feed.	
Resilience places a high value on a system's 
ability	to	recover	and	alter	itself	through	time.
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Table 10   Farm-level options for climate change adaptation.
Source: FAO, 2016a.

Risk Response

Changing climate 
conditions	and	
climate variability 
and seasonality

•	Optimise	planting	schedules	such	as	sowing	dates	(including	for	feedstock	
and forage).

•	Plant	different	varieties,	species	or	cultivars	of	crops.
•	Use	short	duration	cultivars.
•	Varieties	or	breeds	with	different	environmental	advantages	may	be	
required,	

•	Early sowing can be enabled by improvements in sowing machinery or 
dry	sowing	techniques.

•	 Increased	diversification	of	varieties	or	crops	can	hedge	against	risk	the	of	
individual crop failure.

•	Use intercropping.
•	Make	use	of	integrated	systems	involving	livestock	and/or	aquaculture to 

improve resilience.
•	Change	post-harvest	practices,	for	example	the	extent	to	which	grain	may	
require	drying	and	how	products	are	stored	after	harvest.	

•	Consider	the	effect	of	new	weather	patterns	on	the	health	and	well-being	
of agricultural workers.

Change in rainfall 
and water 
availability

•	Change	irrigation	practices
•	Adopt	enhanced	soil	water	conservation	measures
•	Use marginal and wastewater resources
•	Make	more	use	of	rainwater	harvesting	and	capture
•	 In some areas, increased rainfall may allow irrigated or rain-fed 

agriculture in places where previously it was not possible
•	Alter	agronomic	practices
•	Reduce	tillage	to	reduce	water	loss
•	 Incorporate	manures	and	compost,	and	other	practices	such	as	cover	
cropping	to	increase	soil	organic	matter	and	hence	improve	water	
retention

Increased 
frequencies	of	
droughts, storms, 
floods,	wildfire	
events, sea level 
rise

•	General	water	conservation	measures	are	particularly	valuable	during	
times	of	drought

•	Use	flood,	drought	and/or	saline	resistant	varieties
•	 Improve	drainage,	improve	soil	organic	matter	content	and	farm	design	to	

avoid soil loss and gullying
•	Consider	(where	possible)	increasing	insurance	cover	against	extreme	

events

Pest, weed and 
diseases,	disruption	
of pollinator 
ecosystem services

•	Use	expertise	in	coping	with	existing	pests	and	diseases
•	Build	on	natural	regulation	and	strengthen	ecosystem services
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7.2 CONSERVATION AGRICULTURE

Conservation	Agriculture	 (CA)	 is	 an	agronomic	
strategy that is founded on three fundamental 
principles:	(a)	minimal	soil	disturbance	or	no-till;	
(b)	continuous	permanent	soil	cover	with	crops,	
cover	 crops	 /	 living	 mulch,	 or	 crop	 residual	
mulch;	and	(c)	crop	rotation	and	intercropping	
(FAO,	2014).	Although	the	first	two	principles	are	
interdependent,	if	the	soil	is	tilled,	it	is	impossible	
to maintain a mulch, and “true” CA is generally 
only	 practiced	 when	 all	 three	 principles	 are	
properly	implemented	(Giller	et	al.,	2015).	This	
was	 caused	 by	 excessive	 soil	 erosion	 caused	
by	soil	tillage,	which	compelled	people	to	seek	
alternatives	 and	 reverse	 the	 process	 of	 soil	
deterioration	 by	 lowering	 mechanical	 tillage.	
This	movement	advocated	conservation	tillage,	
notably	 zero-tillage,	 in	 southern	 Brazil,	 North	
America, New Zealand, and Australia. Over the 
previous few decades, technologies have been 
developed and adapted to almost all farm sizes, 
soil	types,	crop	varieties,	and	climatic	zones.	

CA can be included in CSA treatments because 
it can minimize carbon losses due to
ploughing,	 increase	organic	matter	 in	 the	 soil,	
and prevent erosion.  It also cuts down on the 
usage of fossil fuels because not plowing saves 
gasoline. It can provide numerous advantages, 
including	 consistent	 yields,	 drought	 buffering,	
lower	 field	 preparation	 costs,	 decreased	 soil	
erosion,	 and	 contributions	 to	 climate	 change	
mitigation	 (FAO,	2016a,	2018).	However,	CA	 is	
not the same as CSA since it does not account 
for	climatic	changes	such	as	rising	temperatures	
and more unpredictable rainfall. 

Conservation	agricultural	approaches:
• Manual - Instead of burning or removing 
the	agricultural	 leftover	 from	the	previous	
season, farmers leave it on the surface to 
function	 as	mulch.	 To	 prevent	 leaving	 the	
surface	barren	in	the	off-season,	they	may	

plant a cover crop. They cut the cover crop 
and any weeds before sowing and allow 
them to cover the surface. They weed or 
plant an intercrop between the rows. The 
next	season,	crops	are	rotated	to	preserve	
soil	fertility.	To	sow	seed,	use	a	dibble-stick	
or special hand-planters.

• Animal draught - Similar to manual 
cultivation,	but	farmers	employ	animals	to	
draw a chisel plough or ripper into a narrow 
furrow for seeding

• Mechanized - Farmers employ specialized 
equipment	 that	 can	 manage	 enormous	
volumes of surface residue. To sow seed, 
they	may	utilise	a	tractor-drawn	ripper	and	
planter. Herbicides may be used to control 
weeds

7.3 SOIL AND WATER 
CONSERVATION 

Techniques	for	soil	and	water	conservation	are	
used to avoid erosion, retain soil moisture, and 
maintain	and	increase	soil	fertility	(FAO,	2018).	
They may employ a variety of technologies, 
including:

• Physical measures that involve moving 
stones	and	earth:	terraces,	bunds,	contour	
ditches, check dams, reservoirs, grassed 
waterways, diversion drains and others to 
discourage erosion and encourage water 
infiltration

• Biological measures that involve using 
trees and grass to prevent erosion, such as 
reforestation,	 hedgerows	 and	 vegetative	
strips.	 Leguminous	 trees	 and	 crops	 fix	
nitrogen for soil health.

• Agronomic measures that involve managing 
the	 crop	 itself:	 contour	 planting,	 strip	
cropping,	 intercropping,	 mixed	 cropping,	
fallowing, mulching, grazing management 
and agroforestry.
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Keeping soil from eroding reduces the amount 
of carbon released into the atmosphere. Soil 
fertility	conservation	minimizes	the	requirement	
for	 artificial	 fertilisers.	 Increasing	 the	 quantity	
of	 organic	 matter	 in	 the	 soil	 decreases	 the	
amount of CO2 in the atmosphere. Trees, grass, 
hedgerows,	and	vegetative	strips	provide	fodder	
for animals while also reducing soil erosion from 
wind and water.

7.4 LAND CLEARANCE REDUCTION

Often,	farmed	area	will	be	extended	or	opened	
up from land that was previously covered by 
natural	 vegetation.	 This	 is	 accomplished	 by	
removing	 the	 current	 vegetation	 from	 the	
area	and	exposing	the	bare	soil	surface.	These	
activities,	 however,	 are	 not	 environmentally	
beneficial.	As	a	 result,	 land	clearing	should	be	
kept to a minimum. Some climate-smart land-
clearance methods may include the following 
(FAO,	2018):
•	Not	burning	vegetation
•	Leaving as many trees as possible
•	Cutting	 vegetation	 and	 leaving	 it	 on	 the	

surface as mulch
•	Making compost with the residues.

These	 techniques	 aim	 to	 minimize	 the	
quantity	of	greenhouse	gases	emitted	into	the	
atmosphere while also retaining or increasing 
organic	matter	in	the	soil,	therefore	increasing	
its	fertility	and	water-holding	ability.

7.5 AGRONOMIC PRACTICES

A wide range of agronomic methods may be 
utilised	 to	 decrease	 the	 impact	 of	 agronomic	
operations	on	the	climate	and	GHG	generation.	
Farmers can adapt to climate change by using 
excellent	agronomic	techniques.	As	an	example:	
Planting	early	avoids	crop	loss	due	to	drought	if	

the	 rainy	 season	finishes	early.	 It	 is	possible	 if	
field	preparation	is	done	early,	or	if	conservation	
agriculture	 practices	 are	 utilised,	 because	 not	
ploughing	saves	time	because	the	farmer	does	
not	have	to	wait	until	the	soil	is	moist	and	soft	
enough to plough. Growing a variety of crops 
spreads	the	risk	of	a	single	crop	failing.	Rotating	
crops	 maintains	 soil	 fertility	 and	 reduces	 the	
risk	of	pests	and	diseases	(FAO,	2018).	Climate-
smart	agronomic	practices	include:
•	Planting	 according	 to	 rainfall	 received	 to	
adapt	to	changing	rain	patterns

•	 Intercropping
•	Crop	rotation
•	Crop	diversification.

7.6 INTERCROPPING WITH 
LEGUMES

This crop diversity helps to maintain and 
conserve topsoil while also lowering GHG 
emissions. Farmers can harvest two harvests 
from	a	single	field	rather	than	one	throughout	
a	single	season.	They	diversify	their	risk:	if	one	
crop fails due to drought or pests, the other 
may	 still	 yield	 a	 harvest.	 Legume	 intercrops	
bind nitrogen in their roots, enriching the soil 
and lowering nitrogen fertiliser	 requirements.	
An intercrop protects the soil from the sun, 
heat, and heavy rainfall while also discouraging 
weeds	(FAO,	2018).

7.7 IRRIGATION 

Irrigation	 allows	 farmers	 to	 grow	 crops	 even	
when the rains don't come, and it may also be 
utilised	as	supplemental	irrigation	during	lengthy	
dry spells. However, because water is a precious 
resource, this is only viable in regions where 
water is available from rivers or boreholes. 
Current	 methods	 of	 irrigation,	 such	 as	 basin	
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or	furrow	irrigation,	waste	a	 lot	of	water	since	
they	are	inefficient.	Drip	irrigation	or	sprinklers	
need	 a	 larger	 initial	 investment	 but	 consume	
less	 water.	 Attending	 an	 irrigation	 training	
session will provide you with more knowledge 
on	 best	 practices	 for	 irrigation	 scheduling	 as	
well	as	how	to	use	meteorological	and	climatic	
information	in	your	operations.	Information	on	
irrigation	 requirements	 for	many	 crops	 across	
SA	 is	 available	 from	 the	 SAPWAT	 application	
(van	Heerden	et	al.,	2016).	

7.8 RAINWATER HARVESTING

Water	harvesting	is	the	collecting	of	rainfall	or	
runoff	for	irrigation,	cattle	watering,	household	
usage, crops, and other purposes. Water can be 
kept in an open pit or depression, a cistern, or 
even	the	soil	and	water	table.	Water	harvesting	
comes in a variety of forms (FAO,	2018):
a) Micro-catchments. The rainwater is held in 
the	field	where	it	is	to	be	used:
•	Planting	basins	for	individual	plants	such	as	

a tree, or groups of plants such as maize.

•	Half-moon, trapezoidal or diamond-shaped 
basins.

•	Terraces and contour bunds on slopes.
•	Tied ridging.

b) Macro-catchments. The rainwater is captured 
and	diverted	directly	into	an	irrigation	system	or	
into	a	storage	tank	or	pond:
•	Dams, weirs and channels to divert river 
water,	or	to	collect	and	divert	floodwater.

•	Subsurface dams and sand dams, which 
hold water underground where a well or 
borehole may access it.

•	Rooftops	 and	 impermeable	 surfaces	 like	
highways,	drying	floors,	or	rock	outcrops.

•	Natural catchment areas where the water 
flow	can	be	diverted	easily.

c)	Other	storage	options	range	from	aquifers	to	
holding	tanks:
•	The water table or an aquifer:	larger	water-
harvesting	 systems	 may	 be	 designed	 to	
refill	 an	 aquifer	 that	 supplies	 wells	 and	
boreholes.

The rest of these CSA	methods	 are	 expanded	
further	at	specific	crop	training	modules.
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As this is part of the introductory series to the 
whole course on Climate-Smart Agriculture, 
the	 descriptions	 and	 explanations	 will	 stop	
here.	 Participants	 will	 be	 exposed	 to	 much	
more detail about CSA	practices	in	each	of	the	
other sessions. The purpose of this course was 

to	 introduce	and	explain	the	details	about	the	
weather and climate side, so as to form a solid 
foundation	upon	which	to	build.	Therefore,	the	
definitions	and	explanations	about	weather	and	
climate as well as climate change and variability 
were a vital part of this course. 

8 CONCLUSION
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