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Excursion 

The field trip will focus on engaging with three exam-
ples of emerging agri-businesses in the rural land-
scapes of Bushbuckridge. The first stop will be a rela-
tively large food garden co-operative that supplies lo-
cal game lodges in private game reserves with vege-
tables. It has been extensively supported with funding, 
training and business development by the 
Thornybush Private Game Reserve. The next stop will 
be an individual small-scale grower who has devel-
oped his business with support from Thornybush, to 
mainly supply local schools and customers in the com-
munity. The last stop will be a community-initiated 
food garden co-operative that has received support 
from the government and a national NGO to develop 
from just supplying vegetables to local communities 
to forming market connections with a local store of a 
national grocery chain. We will have an opportunity 
to engage with the various enterprise participants 
and facilitators. En route, we will also be able to ob-
serve the general context of dry-land subsistence ag-
riculture in the villages. 
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Climate change projected until 2100

Median temperature change (rel. to 1970-2000)

with	smaller	increases	over	the	coastal	areas.	The	projected	changes	under	RCP	4.5	and	RCP	8.5	are	

shown	in	Figures	1	&	2.	For	the	near	future	(2015-2035)	temperatures	increases	of	between	1	and	

2°C	are	projected	by	the	ensemble	of	models	across	all	emission	scenarios.	For	the	period	2040-2060	

temperatures	are	projected	to	increase	by	2	to	4°C.	By	the	end	of	the	century	(2080-2100)	

temperatures	are	projected	to	increase	up	to	8.5°C	over	interior	arid	regions	by	the	end	of	the	

century	under	RCP	8.5.	Compared	to	the	RCP	8.5,	the	projections	based	on	RCP	4.5	represent	a	

future	 where	 temperature	 increases	 are	 significantly	 reduced	 as	 a	 result	 of	 the	 stabilising	

greenhouse	gas	concentrations	in	this	scenario.	The	pattern	and	magnitude	of	the	change	is	similar	

across	the	difference	ensemble	members	(model	simulations)	indicating	the	increasing	signal	is	

robust.		

	

Figure	1:	Projected	change	in	average	tem perature	over	Africa	for	the	tim e	periods	2015-2035	
(left),	2040-2060	(m iddle)	and	2080-2100	(right),	relative	to	1970-2000.	Units	are	the	change	in	the	
annual	average	tem perature	(°C)	per	grid	point	based	on	the	10th	percentile,	m edian,	and	90th	
percentile	of	six	CCAM 	downscalings	under	RCP	4.5.		

	

Figure	2:	Projected	change	in	average	temperature	over	Africa	for	the	time	periods	2015-2035	
(left),	2040-2060	(middle)	and	2080-2100	(right),	relative	to	1970-2000.	Units	are	the	annual	
average	change	in	the	temperature	(°C)	per	grid	point	based	on	the	10th	percentile,	median,	and	
90th	percentile	of	six	CCAM 	downscalings	under	RCP	8.5.		

	

Rainfall		

Projected	changes	in	rainfall	are	typically	harder	to	detect	than	that	for	temperature	but	it	is	likely	

that	areas	of	southern	Africa	will	experience	a	reduction	in	annual	rainfall	amounts	and	an	increase	

in	rainfall	variability.	Changes	in	rainfall	will	vary	across	the	country	and	are	likely	to	vary	over	time;	

short	to	medium	term	versus	long-term	projections.		The	magnitudes	of	changes	in	rainfall	are	

therefore	accompanied	by	high	uncertainty,	and	thus	only	patterns	of	wetting	and	drying	are	

discussed.		

Figure	3	shows	the	projected	change	in	mean	annual	rainfall	totals	(mm)	based	on	the	50th	

percentile	of	the	ensemble	of	downcalings	for	the	A2	emission	scenario,	and	RCP	4.5	and	RCP	8.5.	A	

few	differences	can	be	noted	in	the	change	in	rainfall	projected	by	A2	emission	scenario	compared	

to	those	of	the	two	RCPs.	This	suggests	that	the	choice	of	GCMs	affects	the	simulated	rainfall	change	

as	much,	if	not	more	so,	than	the	choice	of	emissions	scenario.	Under	RCP	4.5	and	RCP	8.5	increases	

in	rainfall	are	projected	over	eastern	parts	of	the	continent	including	Mozambique,	Tanzania,	

Malawi,	eastern	parts	of	Zambia,	Zimbabwe	and	DRC,	and	the	western	coastline	of	Madagascar.	A	

central	drying	trend	is	observed	over	South	Africa,	Namibia,	Angola	and	Botswana.	These	patterns	

intensify	towards	the	end	of	the	century,	most	notably	under	RCP	8.5.	Under	the	A2	emission	
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1.1.	High	resolution	simulations	of	climate	change	over	Africa:	CCAM	

In	Africa,	significant	progress	has	been	made	in	projecting	and	understanding	climate	change	for	the	

region,	providing	an	increasingly	robust	basis	for	strategy	and	policy	development.	A	set	of	six	

climate	simulations	has	been	performed	by	the	Climate	Studies,	Modelling	and	Environmental	

Health	Research	Group	of	the	Council	for	Scientific	and	Industrial	Research	(CSIR)	in	South	Africa.	In	

these	experiments,	a	variable-resolution	atmospheric	global	circulation	model	(AGCM)	was	applied	

as	a	regional	climate	model	(RCM)	to	simulate	both	present-day	and	future	climate	over	Southern	

Africa	and	its	surrounding	oceans.	The	AGCM	used	to	perform	the	downscalings	is	the	conformal-

cubic	atmospheric	model	(CCAM)	of	the	Commonwealth	Scientific	and	Industrial	Research	Council	

(CSIRO)	in	Australia	(McGregor	2005).	Earlier	climate	projection	studies	using	CCAM	over	Southern	

Africa,	including	verification	of	the	model’s	ability	to	simulate	present-day	Southern	African	climate,	

are	described	by	Engelbrecht	et	al.	(2009;	2013)	and	Malherbe	et	al.	(2013).	

Nine	CGCMs	(Table	1)	of	the	Coupled	Model	Intercomparison	Project	Phase	5	(CMIP5)	(IPCC	AR5)	

were	downscaled	for	the	Representative	Concentration	Pathways	(RCP)	4.5	and	8.5.	RCP	4.5	

describes	a	future	with	relatively	ambitious	emission	reductions,	whereas	RCP	8.5	describes	a	future	

with	no	reductions	in	emissions.	Emissions	in	4.5	emissions	peak	around	2040,	then	decline;	in	RCP	

8.5	emissions	continue	to	rise	throughout	the	21st	century	(Box	2).	The	downscaling	of	the	CGCMs	

involved	using	the	sea-ice	concentrations	and	bias-corrected	sea-surface	temperatures	of	the	

CGCMs,	to	force	very	high-resolution	CCAM	simulations	at	approximately	8	km	grid	squares.	In	these	

simulations,	CCAM	was	coupled	to	the	CSIRO	Atmospheric	Biosphere	Land	Exchange	(CABLE)	model.	

CABLE	is	a	dynamic	land-surface	model	with	the	capability	to	interactivity	simulate	the	carbon	flux	

between	the	land-surface	and	atmosphere	(Kowalczyk	et	al.	2006).			

Earlier	climate	projection	studies	using	CCAM	over	Southern	Africa,	including	verification	of	the	

model’s	ability	to	simulate	present-day	Southern	African	climate,	are	described	by	Engelbrecht	et	al.	

(2009;	2013)	and	Malherbe	et	al.	(2013).	These	studies	have	shown	that	CCAM	can	be	used	to	obtain	

plausible	projections	of	future	climate	change	over	Africa.	Furthermore,	CCAM	realistically	simulates	

observed	daily	climate	statistics	over	the	region	such	as	the	frequency	of	extreme	rainfall	events	

(Box	1).	The	performance	of	the	dynamically	downscaling	approach	across	verifiable	timescales	and	

across	multiple	scales	enhances	the	confidence	in	its	ability	to	produce	credible	projections	of	future	

Median precipitation change (rel. to 1970-2000)

scenario	a	strong	drying	trend	is	projected	across	southern	Africa	except	for	Tanzania,	parts	of	DRC,	

western	coastline	of	Madagascar,	and	northern	region	of	Mozambique	were	rainfall	is	expected	to	

increase.	A	slight	increase	in	rainfall	is	projected	over	the	interior	of	South	Africa	whereas	a	strong	

drying	signal	is	projected	over	the	south-western	region	of	South	Africa.		

 

	

Figure	3:	Projected	change	in	the	average	annual	rainfall	(m m )	over	Africa	for	the	tim e	periods	

2015-2035,	2040-2060	and	2080-2100,	relative	to	1970-2000.	Units	are	the	annual	average	change	
in	the	rainfall	(m m )	per	grid	point	based	on	the	m edian	of	six	CCAM 	dow nscalings	under	A2	(left),	
RCP	4.5	(m iddle),	and	RCP	8.5	(right)	scenarios.		

 

	

Box	1:	Clim ate	variables	

• rain:	mean	annual	rainfall	totals	(mm)	

• rnde:	number	of	extreme	rainfall	days	(20	mm	of	rain	falling	within	24	hours)	

• hda9:	dry	spell	days	

• vh35:	very	hot	days	(temperatures	are	above	35	degrees	Celsius)	

• tave:	mean	annual	temperature	(degrees	C)	

• tm in:	mean	annual	minimum	temperature	(degrees	C)	

• tm ax:		mean	annual	maximum	temperature	(degrees	C)	
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1.1.	High	resolution	simulations	of	climate	change	over	Africa:	CCAM	

In	Africa,	significant	progress	has	been	made	in	projecting	and	understanding	climate	change	for	the	

region,	providing	an	increasingly	robust	basis	for	strategy	and	policy	development.	A	set	of	six	

climate	simulations	has	been	performed	by	the	Climate	Studies,	Modelling	and	Environmental	

Health	Research	Group	of	the	Council	for	Scientific	and	Industrial	Research	(CSIR)	in	South	Africa.	In	

these	experiments,	a	variable-resolution	atmospheric	global	circulation	model	(AGCM)	was	applied	

as	a	regional	climate	model	(RCM)	to	simulate	both	present-day	and	future	climate	over	Southern	

Africa	and	its	surrounding	oceans.	The	AGCM	used	to	perform	the	downscalings	is	the	conformal-

cubic	atmospheric	model	(CCAM)	of	the	Commonwealth	Scientific	and	Industrial	Research	Council	

(CSIRO)	in	Australia	(McGregor	2005).	Earlier	climate	projection	studies	using	CCAM	over	Southern	

Africa,	including	verification	of	the	model’s	ability	to	simulate	present-day	Southern	African	climate,	

are	described	by	Engelbrecht	et	al.	(2009;	2013)	and	Malherbe	et	al.	(2013).	

Nine	CGCMs	(Table	1)	of	the	Coupled	Model	Intercomparison	Project	Phase	5	(CMIP5)	(IPCC	AR5)	

were	downscaled	for	the	Representative	Concentration	Pathways	(RCP)	4.5	and	8.5.	RCP	4.5	

describes	a	future	with	relatively	ambitious	emission	reductions,	whereas	RCP	8.5	describes	a	future	

with	no	reductions	in	emissions.	Emissions	in	4.5	emissions	peak	around	2040,	then	decline;	in	RCP	

8.5	emissions	continue	to	rise	throughout	the	21st	century	(Box	2).	The	downscaling	of	the	CGCMs	

involved	using	the	sea-ice	concentrations	and	bias-corrected	sea-surface	temperatures	of	the	

CGCMs,	to	force	very	high-resolution	CCAM	simulations	at	approximately	8	km	grid	squares.	In	these	

simulations,	CCAM	was	coupled	to	the	CSIRO	Atmospheric	Biosphere	Land	Exchange	(CABLE)	model.	

CABLE	is	a	dynamic	land-surface	model	with	the	capability	to	interactivity	simulate	the	carbon	flux	

between	the	land-surface	and	atmosphere	(Kowalczyk	et	al.	2006).			

Earlier	climate	projection	studies	using	CCAM	over	Southern	Africa,	including	verification	of	the	

model’s	ability	to	simulate	present-day	Southern	African	climate,	are	described	by	Engelbrecht	et	al.	

(2009;	2013)	and	Malherbe	et	al.	(2013).	These	studies	have	shown	that	CCAM	can	be	used	to	obtain	

plausible	projections	of	future	climate	change	over	Africa.	Furthermore,	CCAM	realistically	simulates	

observed	daily	climate	statistics	over	the	region	such	as	the	frequency	of	extreme	rainfall	events	

(Box	1).	The	performance	of	the	dynamically	downscaling	approach	across	verifiable	timescales	and	

across	multiple	scales	enhances	the	confidence	in	its	ability	to	produce	credible	projections	of	future	

Annual rainfall change until 2080-2100 (mm) Annual temperature change until 2080-2100 (°C) 

Engelbrecht et al.; Davis and Vincent (2017).

Climate model simulations for business as usual scenario (RCP 8.5)



Questions

• How does vegetation change under future climate change?

• How does land-use interact with climate change impacts?

• How can we develop sustainable land-use practice?

DroughtAct, Linstädter

C. Martens
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We develop Dynamic Vegetation Models
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Savannas are at high risk of woody encroachment

Martens et al. (in prep)

Biomes 2000-2019

Risk of shift, RCP 4.5Biomes 2080-2099, RCP 4.5

Risk of shift, RCP 8.5Biomes 2080-2099, RCP 8.5

RCP 4.5: climate protection scenario

RCP 8.5: business as usual scenario



Vegetation change lags behind climate change and 
should be considered in management decisions

Scheiter et al. (unpublished)
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Perennial grasses ensure grazing potential

Pfeiffer et al. (2019) Ecological Modeling
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Fuelwood harvesting modifies tree structure; 
recovery is possible after land-use change but slow

Scheiter et al. (2019) Ecological Economics

2050 baseline, no management

2050 fuelwood harvesting and livestock

2050 fuelwood harvesting reduced after 2019



Take home messages

• Open ecosystems (grasslands and savannas) are highly susceptible 
to climate change

• Vegetation change lags behind climate change and land-use 
change

• Lags need consideration in management policies

• Perennial grasses ensure grazing potential of savanna rangelands

• Recovery of vegetation after land-use change is possible but slow

• Dynamic vegetation models are powerful tools to inform decision 
making for climate adaptation and mitigation

Thank you for your attention.



Thank you for your attention.
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Edwin Mudongo, Mirjam Pfeiffer, Jan Ruppert, Simon Scheiter, 

Judith Schulte, Wayne Twine

Contact
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Excursion 

The field trip will focus on engaging with three exam-
ples of emerging agri-businesses in the rural land-
scapes of Bushbuckridge. The first stop will be a rela-
tively large food garden co-operative that supplies lo-
cal game lodges in private game reserves with vege-
tables. It has been extensively supported with funding, 
training and business development by the 
Thornybush Private Game Reserve. The next stop will 
be an individual small-scale grower who has devel-
oped his business with support from Thornybush, to 
mainly supply local schools and customers in the com-
munity. The last stop will be a community-initiated 
food garden co-operative that has received support 
from the government and a national NGO to develop 
from just supplying vegetables to local communities 
to forming market connections with a local store of a 
national grocery chain. We will have an opportunity 
to engage with the various enterprise participants 
and facilitators. En route, we will also be able to ob-
serve the general context of dry-land subsistence ag-
riculture in the villages. 

 

 

 

 

 

 

Host 

Barend Erasmus 
Wayne Twine 
University of the Witwatersrand 
 

Venue 

Wits Rural Facility 
Private Bag X420 
1360 Acornhoek 
South Africa 
 

Contact 

SALLnet – South African Limpopo  
Landscape Network 
doris.boden@uni-goettingen.de 
www.uni-goettingen.de/de/592566.html 
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