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Computer Automated Land-Cover 
(CALC)

Land-Cover Change Products and their Applications

Presentation to National Natural Capital Accounting Forum, Wednesday 19 October 2022,

STATS SA



Purpose

• To brief the National Natural Capital Accounting (NCA) forum on the 
Department’s new Computer Automated Land-Cover (CALC)  system 
and the landcover change derivatives

• To encourage discussion and debate on the use of biennial land-cover 
data updates for ecosystem accounts
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Introduction

• Land-cover change – the changes in the objects (infrastructure) 
and vegetation that covers South Africa’s land over time –
provides the basic indicator of environmental change.

• For this reason, land-cover datasets for specific periods provide 
the foundational information for important reports like the 
National Biodiversity Assessment required in terms of the 
Biodiversity Act and Stats SA’s Natural Capital Accounts. 

• Furthermore, land-cover provides an insight into land-use and 
land-cover change, e.g. 
• natural vegetation lost to agriculture, mining or urban sprawl, 

• And provides an insight into phenomena like –
• desertification, land degradation, plant invasions and the impacts of 

extreme weather events (e.g. droughts, floods, coastal storm surges).
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1900

Introduction (Cont.)

Sometimes land-cover changes 
quickly and significantly  

2011

When protected 
from fire, trees 
tend to invade 
many fynbos areas 
such as the 
amphitheatre 
above Orange Kloof, 
Table Mountain 
where the increase 
in trees and tall 
woody plants is 
clearly evident. 

Large parts of the 
Succulent Karoo 
have remained 
relatively stable 
over long time 
periods like this site 
south of the 
Touwsberg, near 
Ladismith. Most of 
the trees are still 
present and have 
grown taller, while 
the cover of the 
lower shrubs is 
largely unchanged.

Sometimes things hardly 
change at all

1919

2014
Extracted from: Nicola Stevens, William Bond, Timm Hoffman & Guy 

Midgley. (2015). Change is in the air – Ecological trends and their 

drivers in South Africa. Pretoria: South African Environmental 

Observation Network (SAEON)



Background

• Land-cover datasets are typically generated from satellite images of 
the earth – a highly technical, relatively complex and, historically, 
expensive undertaking. 

• Hence, by 2018 South Africa had only generated two comprehensive 
national land-cover datasets – 1990 and 2014 – and both of these 
were generated by specialist contractors.

• Although the Department of Agriculture, Land Reform and Rural 
Development (DALRRD) is the coordinating custodian for land-cover 
data, the DFFE is a key contributing custodian of the National Land-
Cover Dataset – hence there is a strong and vibrant partnership 
between the two departments.

• DFFE’s 2014 update was broadly welcomed, especially the fact that it 
was made freely available to anyone who wanted it.



Background (Cont.)

• At the end of 2018, the Department implemented the National Land-Cover 
Update and Automation Project aimed at providing an update of the 
land-cover dataset and creating the necessary in-house systems and 
capacity required to generate periodic national land-cover datasets and 
land-cover change reports. 

• This project was successfully concluded in March 2021 having –
• Designed, developed, tested and operationalised the bespoke Computer Automated 

Land-Cover (CALC) system;

• Generated, launched and made freely available full national land-cover datasets for 
2018 and 2020; 

• Fully institutionalised the CALC system within the Department’s Directorate: Sector 
Spatial Information Management (D: SSIM); and

• Ensured that D: SSIM staff are fully capacitated to operate the CALC system 
efficiently and effectively



Expectations

• With the CALC system fully operational within the Department, the 
following outputs are planned –
• The generation and publication of a new National Land-Cover Dataset every 

two years along with detailed land-cover change data

• The analysis, compilation, work-shopping and presentation of a biennial 
Land-Cover Change Summary for Policy-makers every other year
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The 73 Land-Cover Classes*

1. Contiguous Forest (combined very 
high, high, medium)

2. Contiguous Low Forest & Thicket 

3. Dense Forest & Woodland

4. Open Woodland 

5. Contiguous & Dense Planted Forest 

6. Open & Sparse Planted Forest

7. Temporary Unplanted Forest 

8. Low Shrubland (other regions)

9. Low Shrubland (Fynbos)

10. Low Shrubland (Succulent Karoo)

11. Low Shrubland (Nama Karoo)

12. Sparsely Wooded Grassland

13. Natural Grassland

14. Natural Rivers

15. Natural Estuaries & Lagoons

16. Natural Ocean

17. Natural Lakes 

18. Natural Pans (flooded)

19. Artificial Dams
20. Artificial Sewage Ponds
21. Artificial Flooded Mine Pits

22. Herbaceous Wetlands (currently 
mapped)

23. Herbaceous Wetlands (previous 
mapped extent)

24. Mangrove Wetlands

25. Natural Rock Surfaces

26. Dry Pans

27. Eroded Lands

28. Sand Dunes (terrestrial)

29. Coastal Dunes & Beach Sand

30. Bare Riverbed Material

31. Other Bare

32. Cultivated Commercial Permanent 
Orchards 

33. Cultivated Commercial Permanent 
Vines

34. Cultivated Commercial Sugarcane Pivot 
Irrigated

35. Commercial Permanent (Pineapples)

36. Cultivated Commercial Sugarcane Non-
Pivot (all other)

37. Cultivated Emerging Farmer Sugarcane 
Non-Pivot (all other)

38. Cultivated Commercial Annuals Pivot 
Irrigated

39. Cultivated Commercial Annuals 
Non-Pivot Irrigated

40. Cultivated Commercial Annuals 
Non-Pivot / Non-Irrigated

41. Subsistence Annual Crops

42. Fallow Land & Old Fields (Trees)

43. Fallow Land & Old Fields (Bush)

44. Fallow Land & Old Fields (Grass)

45. Fallow Land & Old Fields (Bare)

46. Fallow Land & Old Fields (Low 
Shrub)

47. Residential Formal (Tree)

48. Residential Formal (Bush)

49. Residential Formal (low veg / grass)

50. Residential Formal (Bare)

51. Residential Informal (Tree)

52. Residential Informal (Bush)

53. Residential Informal (low veg / 
grass)

54. Residential Informal (Bare)

55. Village Scattered 

56. Village Dense 

57. Smallholdings (Tree)

58. Smallholdings (Bush)

59. Smallholdings (low veg / grass)

60. Smallholdings (Bare)

61. Urban Recreational Fields (Tree)

62. Urban Recreational Fields (Bush)

63. Urban Recreational Fields (Grass)

64. Urban Recreational Fields (Bare)

65. Commercial

66. Industrial 

67. Roads & Rail (Major Linear) 

68. Mines: Surface Infrastructure

69. Mines: Extraction Sites: Open Cast & 
Quarries combined

70. Mines: Extraction Sites: Salt Mines

71. Mines: Waste (Tailings) & Resource 
Dumps

72. Land-fills

73. Fallow Land & Old Fields (wetlands)

*Gazetted land-cover classes (SANS 19144-2)









For Clarity and Simplicity 20 Aggregated 
Classes are used for change detection

1. Indigenous Forest (1)*

2. Thicket / dense Bush (2)

3. Natural Wooded Land (3,4,42,43)

4. Planted Forest (5,6,7)

5. Shrubland (8,9,10,11,46)

6. Grasslands (12,13,44)

7. Waterbodies (14-21)

8. Wetlands (22,23,24,73)

9. Barren Land (25,26,28,29,30,31,45)

10. Eroded Lands (27)

11. Cultivated Commercial Permanent Orchards 
(32,35)

12. Cultivated Commercial Permanent Vines (33)

13. Commercial Annuals Pivot Irrigated (34,38)

14. Commercial Annuals Non-Pivot (36,37,39,40)

15. Cultivated Subsistence (41)

16. Built-up Residential All (47-56,61-64)

17. Built-up Smallholdings (57-60)

18. Built-up Commercial (65)

19. Built-up Industrial (66)

20. Mines (68-72)

*Numbers in brackets reflect the number assigned to each of the 73 Gazetted land-cover classes (SANS 19144-2)



C
H

IE
F 

D
IR

EC
TO

R
A

TE
: 

K
N

O
W

LE
D

G
E 

A
N

D
 IN

FO
R

M
A

TI
O

N
 M

A
N

A
G

EM
EN

T

The 20 aggregated land-
cover classes used in land-

cover change analysis

The 20 aggregated land-
cover classes used in land-

cover change analysis

The figures in the matrix 
represent hectares (ha) of 

a particular land-cover 
class in a given year

The column totals provide 
the total 1990 hectares of 

the column land-cover 
class

The 1990/2020 class 
intercept provides the 

‘unchanged’ hectares of 
that land-cover class

The row totals provide the 
total 2020 hectares of the 

row land-cover class

The individual numbers provide the hectares of the 1990 land 
class that were converted to the corresponding 2020 class. In 
this example, 2245 ha of Indigenous Forest was converted to 

Cultivated Subsistence from 1990 to 2020

The National 1990/2020 Land-Cover Change Matrix



1990

2014

2018

2020

Overall Land 
Cover Change



Shrubland; -9482283

Thicket / dense Bush; -5230239

Barren Land; -951539

Commercial Annuals Non-Pivot; -878776

Wetlands; -466330

Cultivated Subsistence; -91796

Waterbodies; -62768

Indigenous Forest; -31889

Cultivated Commercial Permanent Vines; -15980

Eroded Lands; -9580

Built-up Smallholdings; -3891

Cultivated Commercial Permanent Orchards; 7434

Mines; 11985

Built-up Commercial; 36059

Built-up Industrial; 38619

Planted Forest; 151413

Built-up Residential All; 585260

Commercial Annuals Pivot Irrigated; 660087

Natural Wooded Land; 7453766

Grasslands; 8280447

-12 000 000-10 000 000 -8 000 000 -6 000 000 -4 000 000 -2 000 000 0 2 000 000 4 000 000 6 000 000 8 000 000 10 000 000

1

HECTARES

Change in Land-Cover Class Area (hectares) from 1990 to 2020

Kruger National 
Park

Relative length 
of bars



Thicket / dense Bush; -81%

Wetlands; -31%

Shrubland; -23%

Cultivated Commercial Permanent Vines (33); -
10%

Commercial Annuals Non-Pivot; -8%

Barren Land; -7%

Indigenous Forest; -7%

Cultivated Subsistence; -5%

Waterbodies; -3%

Eroded Lands; -2%

Built-up Smallholdings; -2%

Cultivated Commercial Permanent Orchards; 2%

Mines; 4%

Planted Forest; 8%

Built-up Residential All; 24%

Grasslands; 30%

Built-up Industrial; 66%

Natural Wooded Land; 68%

Built-up Commercial; 81%

Commercial Annuals Pivot 
Irrigated; 274%

-100% -50% 0% 50% 100% 150% 200% 250% 300%

1

% CHANGE IN LAND-COVER CLASS

Percent Change in Land-Cover Class from 1990 to 2020



Mining: Converting cropland to grassland 
in Mpumalanga

Commercial Annuals Non-Pivot; 22614,48
Planted Forest; 1165,68

Built-up Industrial; 788,58
Thicket / dense Bush; 698,76

Shrubland; 546,21
Cultivated Subsistence; 79,65

Built-up Smallholdings; 72,81

Commercial Annuals Pivot Irrigated; 51,12

Built-up Commercial; 48,87

Built-up Residential All; 45,09

Barren Land; 24,12

Cultivated Commercial Permanent Orchards; 
12,42

Indigenous Forest; 0

Cultivated Commercial Permanent Vines; 0

Mines; 0

Eroded Lands; -13,5

Waterbodies; -284,22
Natural Wooded Land; -764,91

Wetlands; -889,29
Grasslands; -8000,55

-10000 -5000 0 5000 10000 15000 20000 25000

Difference

CHANGE IN LAND-COVER CLASS (HA)

Mining-related Land-Cover Change in Mpumalanga

Rehabilitated opencast coal mine 
(source: Coaltech Research Association)

Opencast coal mine in Mpumalanga 
(source: The South African)

Mpumalanga maize field 
(source: Max Pixel)



Subsistence farming / Natural land cycling

Natural Wooded Land; -184284

Commercial Annuals Non-Pivot; -
11045

Barren Land; -9933
Built-up Residential All; -3284

Mines; -1731

Commercial Annuals Pivot Irrigated; -804

Waterbodies; -281

Built-up Industrial; -100

Built-up Commercial; -81

Cultivated Commercial Permanent Vines; -1

Cultivated Subsistence; 0

Planted Forest; 1792

Indigenous Forest; 2029

Built-up Smallholdings; 2036

Eroded Lands; 2110

Cultivated Commercial Permanent 
Orchards; 3564

Grasslands; 4694
Wetlands; 13530

Thicket / dense Bush; 28254
Shrubland; 61742

-200000 -150000 -100000 -50000 0 50000 100000

1

% CHANGE IN LAND-COVER CLASS

Subsistence Farming-related Land-Cover Change from 1990 to 2020
Land-cover types converted to cultivated subsistence Land-cover type converted from cultivated subsistence

Province Hectares of Natural Wooded Land 

converted to Cultivated Subsistence

Percentage of 

converted total 

Limpopo 137253 74%

Mpumalanga 23660 13%

North West 11801 6%

KwaZulu-Natal 5945 3%

Eastern Cape 5528 3%

Province Hectares of Cultivated 

Subsistence converted to 

‘natural’ land-cover

Percentage of 

converted total 

Limpopo -71534 -66%

Eastern Cape -21540 -20%

KwaZulu-Natal -14878 -14%
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Ndumu Game Reserve – Radical change 
(with some somewhat disturbing)

0,00 1000,00 2000,00 3000,00 4000,00 5000,00 6000,00 7000,00

Shrubland

Barren Land

Cultivated Subsistence

Built-up Residential All

Natural Wooded Land

Indigenous Forest

Waterbodies

Grasslands

Wetlands

Thicket / dense Bush

Ndumu Game Reserve Land-Cover in 1990 and 
2020 (hectares)

1990 2020

Disclaimer: This is a very early analysis which the Sector Spatial Information Management team would like 

to discuss with Ezemvelo KZN Wildlife before these findings are more broadly disseminated

85 % decrease

19 % decrease

67 % increase

70 % decrease

227 % increase

864 % increase

1878 % increase (however small area of land from 5.76 ha in 1990 to 114 ha in 2020)

302 900 % increase (however small area of land from 0.09 ha in 1990 to 273 ha 
in 2020)



Ndumu Game Reserve – Radical change 
(with some somewhat disturbing)

Thicket / 
dense Bush

51%

Wetlands
24%

Grasslands
11%

Waterbodies
6%

Indigenous 
Forest

5%

Natural 
Wooded Land

3%

Built-up 
Residential All

0%

Cultivated 
Subsistence

0%

Barren Land
0%

1990

Natural 
Wooded Land

33%

Wetlands
19%

Grasslands
18%

Indigenous 
Forest
17%

Thicket / 
dense 
Bush
8%

Barren 
Land
2%

Waterbodies
2%

Cultivated 
Subsistence

1%

Built-up 
Residential All

0%

2020

In 30 years it appears that the reserve’s land-cover has changed from predominant bush 
and wetlands to more diverse woodlands, forests, wetlands and grasslands. 

Disclaimer: This is a very early analysis which the Sector Spatial Information Management team would like 

to discuss with Ezemvelo KZN Wildlife before these findings are more broadly disseminated



Ndumu Game Reserve – Radical change 
(with some somewhat disturbing)

In 30 years it appears that the reserve’s land-cover has changed from predominant bush 
and wetlands to more diverse woodlands, forests, wetlands and grasslands. 

-5184

-525

-465

-1

108

273

847

1406

3541

Thicket / dense Bush

Wetlands

Waterbodies

Built-up Residential All

Cultivated Subsistence

Barren Land

Grasslands

Indigenous Forest

Natural Wooded Land

Ndumu Nature Reserve Land-Cover Change From 1990 to 2020 (hectares)

Hectares of land-cover lost

Hectares of land-cover gained

Disclaimer: This is a very early analysis which the Spatial Information Management team would like to 

discuss with Ezemvelo KZN Wildlife before these findings are more broadly disseminated



-85%

-70%

-19%

-5%

67%

227%

864%

1878%

Thicket / dense Bush

Waterbodies

Wetlands

Built-up Residential All

Grasslands

Indigenous Forest

Natural Wooded Land

Cultivated Subsistence

Ndumu Game Reserve Land-Cover Change From 1990 to 2020 (%) 
(Excluding the 302,900% increase in barren land)

Ndumu Game Reserve – Radical change 
(with some somewhat disturbing)

In 30 years there appears to be clear evidence of ‘woodification’ and land invasion 

% lost

% gained

Disclaimer: This is a very early analysis which the Sector Spatial Information Management team would like 

to discuss with Ezemvelo KZN Wildlife before these findings are more broadly disseminated



Mokala National Park – A 
conservation transformation?



The mean reduction  in SOC for the country  due to cultivation of cropland soils

Carbon Tracking









Conclusion

• The Department now has the in house ability to generate National Land-Cover on 

a regular basis via the CALC system

• Able to undertake year-on-year land-cover change assessments and geo-

statistical reporting for eco-system accounts

• Ability to have time series of environmental change from the baseline of 1990 

and into the future

• By having a synoptic view of our resources, we are able to quickly assess, monitor 

change and make informed decisions



“…sustainable development is only possible if it is 

underpinned and informed by an environmentally 

literate society” 

(Minister Barbara Creecy’s address at the Ecologic Awards at Table Bay hotel, 

Cape Town, Wednesday 5 June 2019)Land-cover data provided by: the Directorate 
Sector Spatial Information Management

Compiled by: the Chief Directorate: Sector 
Knowledge and Information Management

Presented by:  Dr Zakariyyaa Oumar 
(Pr.Sci.Nat & PrGIS )


