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Purpose and methods of the survey

Aspects of the structure of the vegetation in the vicinity of the MODIS validation site tower in Kataba
Forest, near Mongu, Zambia, were studied in late February-early March 2000. The aim of the study
was to provide a broad description of the tree canopy layer around the tower (Figure 1). Tree basal
area, percent tree canopy cover, and the proportional contribution of the main species to canopy cover
were measured at each of the intersections of a 6 x 7 grid oriented on magnetic north-south, east-west
axes centred on the tower. The tower is situated mid-way between rows C and D along the north-south
axis, and along line 4 in the east-west axis. The spacing between the grid points was 50m Two
extensions to this grid were added, 250m east and 200m west along rows A and F. These coincided
with transects B and C laid out by Jeff Privette (NASA). The same vegetation variables were
measured at S0m intervals along these extensions. The layout is shown below.
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Basal area was estimated at each site using a basal area prism (Ben Meadows Company, basal area
factor = 1). A single 360° sweep was made from the sample point. Canopy cover was estimated using
a spherical densiometer (Lemmon, 1956, 1957). Four estimates of canopy cover, oriented north, south,
east and west around the sample point, were taken at each site and the results averaged to give a single
value for the site. Only the canopies of trees and shrubs above 1.5m height were measured in this way.

Figure 1. Thirty metre high flux tower established at Kataba Forest Reserve, 20 km S of Mongu in
western Zambia, as part of the MODIS validation programme (UTM coordinates 34L 741764
8291859).



Vegetation composition

Twenty-nine tree and shrub species were recorded on the grid and its extensions. The five most
dominant species on the basis of frequency of occurrence at the 42 sampling points in the 7.5ha grid
(excluding the extensions) were Brachystegia spiciformis (95%), Ochna pulchra (71%), Burkea
africana (67%), Diospyros batocana (50%) and Guibourtia coleosperma (45%). In terms of
contribution to total canopy cover, the dominant species were B. spiciformis (52%), B. africana (8%),
G. coleosperma (7%), Brachystegia bakerana (6%), and O. pulchra (4%). The same patterns of
dominance are apparent when all 60 sampling points (grid plus extensions) are considered, though the
values for frequency of occurrence and percent contribution to canopy cover differ slightly from
species to species, and Pterocarpus angolensis rather than O. pulchra is ranked fifth in terms of
canopy cover. The main grass species recorded was Pogonarthria squarrosa. Details for all tree and
shrub species recorded at on the grid are summarised in Table 1. Full details, by site, are given in
Appendix 1.

Vegetation structure

Mean basal area of the woodland around the tower was 8.2 = 2.8 m*ha™' (= 1 standard deviation: Table
2). For the larger area encompassed by the grid and the extensions, mean basal area was slightly lower
(8.1 = 2.7 m’ha), primarily because the eastern extension of transect B traversed a more open,
previously disturbed, area. Total tree canopy cover on the central grid averaged 49.3 + 10.6%, and was
slightly lower for the larger area (47.7 = 12.1%: Table 2), again reflecting the more open nature of the
vegetation along the eastern extension of transect B. The relationship between stand basal area and
tree canopy cover for all sites surveyed is shown in Figure 2. Stand basal area explains 61% of the
total variation in tree canopy cover at these sites. The spatial variation in both basal area and percent
canopy cover across the central grid is illustrated in Figures 3 and 4. Overall, canopy cover is
relatively more uniform spatially than tree basal area. The upper canopy of the woodland has an
average height of about 12 m (Figure 5). The understorey has a comparatively dense shrub layer
interspersed with more open patches (Figure 6).
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Figure 2. Relationship between estimated stand basal area (m*ha™) and tree canopy cover (%) for all
60 sites surveyed on the grid and extensions around the MODIS validation tower in miombo woodland
on Kalahari Sand at Kataba Forest, Mongu, Zambia.



Table 1. Species composition, percent contribution of species to tree canopy cover, and frequency of
occurrence of the species in miombo woodland on Kalahari Sand, Kataba Forest, Mongu, Zambia.
Data are given for both the central grid, covering 7.5 ha, and the grid plus extensions. The species are
ranked according to their contribution to canopy cover. See text for further details.

Central grid Grid + extensions
Contribution to  Frequency of  Contribution to  Frequency of
canopy cover occurrence canopy cover occurrence
Species %  rank % %  rank %
Albizia antunesiana 0.0 23 0.0 0.0 27 0.0
Baphia massaiensis 3.5 8 40.5 3.9 8 38.3
Bauhinia petersiana 0.0 23 0.0 0.2 17 5.0
Brachystegia bakerana 5.9 4 21.4 6.4 4 18.3
Brachystegia spiciformis 52.1 1 95.2 48.5 1 90.0
Burkea africana 8.0 2 66.7 8.3 2 66.7
Copaifera baumiana 2.3 11 45.2 2.7 11 48.3
Dialium engleranum 0.6 13 11.9 0.9 13 20.0
Diospyros batocana 33 9 50.0 3.5 9 55.0
Diplorhynchus condylocarpon 0.9 12 14.3 1.2 12 20.0
Erythrophleum africanum 3.0 10 28.6 3.9 7 31.7
Guibourtia coleosperma 6.8 3 45.2 7.4 3 46.7
Landolphia camptoloba 0.0 23 2.4 0.0 27 1.7
Maprounea africana 0.0 23 0.0 0.0 22 1.7
Monotes glaber 0.1 16 2.4 0.1 18 1.7
Ochna pulchra 4.3 5 71.4 4.1 6 73.3
Parinari curatellifolia 4.1 6 28.6 3.0 10 21.7
Paropsia brazzeana 0.2 15 11.9 0.3 16 13.3
Pavetta assimilis 0.0 23 2.4 0.0 27 1.7
Pseudolachnostylis maprouneifolia 0.5 14 4.8 0.5 14 5.0
Psorospermum febrifugeum 0.1 20 2.4 0.1 21 5.0
Pterocarpus angolensis 3.9 7 35.7 43 5 38.3
Securidaca longipedunculata 0.0 21 2.4 0.0 25 1.7
Schinziophyton rautanenii 0.0 22 24 0.0 26 1.7
Strychnos cocculoides 0.1 16 2.4 0.1 18 1.7
Strychnos pungens 0.1 18 2.4 0.1 20 33
Swartzia madagascariensis 0.0 23 0.0 0.0 24 1.7
Terminalia brachystemma 0.0 23 0.0 0.0 22 1.7
Vangueriopsis lanciflora 0.1 18 4.8 0.4 15 8.3

Table 2. Mean tree basal area (m*ha™") and canopy cover (%) of miombo woodland on Kalahari Sand
on both the central grid, and the grid plus extensions, at Kataba Forest, Mongu, Zambia. See text for
further details.

Basal area (m*ha™) Tree canopy cover (%)

Central grid Mean 8.19 493
SD 2.75 10.6
N 42 42
Grid + extensions Mean 8.07 47.7
SD 2.72 12.1

N 60 60




SPATIAL VARIATION IN BASAL AREA (mzha'1):
Kataba Forest, Mongu, Feb. 2000

Figure 3. Spatial variation in tree basal area (m*ha™) on the central grid (total area 7.5 ha) around the
MODIS validation tower at Kataba Forest, Mongu, Zambia. The tower is situated mid way between
rows C and D on the north-south transect, and along line 4 on the east-west axis.

SPATIAL VARIATION IN CANOPY COVER (%):
Kataba Forest, Mongu, Feb. 2000

Figure 4. Spatial variation in stand canopy cover (%) on the central grid (total area 7.5 ha) around the
MODIS validation tower at Kataba Forest, Mongu, Zambia. The tower is situated mid way between
rows C and D on the north-south transect, and along line 4 on the east-west axis.



Figure 5. View across the canopy of miombo woodland on Kalahari Sand at Kataba Forest Reserve.
Average canopy height of the woodland is about 12 m.

Figure 6. View inside Brachystegia bakerana-dominated woodland at Kataba showing a sparse
understorey of the grass Pogonarthria squarrosa, various shrubs and geoxylic suffrutices (Copaifera
baumiana, Paropsia brazzeana, Baphia massaiensis, Bauhinia petersiana and Lannea gossweileri,
among others), moss, and leaf litter. The soil is a pale, deep, excessively well drained, fine sandy
regosol of largely aeolian origin ('Kalahari sand') that shows almost no profile development with
depth.



Discussion

Kataba Forest falls within the Brachystegia spiciformis — Kalahari woodlands land unit as defined and
mapped by Jeanes and Baars (1991a, b). The dominant species recorded during this survey are the
same as those reported by Jeanes and Baars (1991a). Interpretation and supervised classification of a
recent (August 1999) Landsat 7 ETM+ image shows that the study site lies on the northern edge of a
block of closed canopy woodland which comprises much of the Kataba Forest Reserve (Figure 7).
Many areas around the forest reserve have been substantially disturbed by deforestation and opening
up of the land for agriculture, though the individual size of such disturbances in the vicinity of the
study site are relatively small (<1 ha). Given the generally lower fertility of Kalahari Sand soils, few
of the fields are likely to be permanently cultivated. Most are abandoned after a few years and are
rapidly re-invaded by shrubs such as Baphia massaiensis and Bauhinia spp. The more open area north
of the study site is an example of a long-abandoned fallow land. Substantial areas of fallow land lie
east and south of the forest reserve.

Tree species composition within the study area shows a slight gradient from B. spiciformis-dominated
woodland around the tower and to the north-west, to increasing dominance of B. bakerana south and
south-east of the tower. The distribution of Brachystegia bakerana seems to be correlated with
somewhat poorly-drained sites in Kalahari Sand, which may explain its increasing dominance to the
south of the tower as the land slopes gently downwards in that direction from the high ground on
which the tower has been erected. Further research is needed to determine the nature of species
associations within the woodland and how these might relate to edaphic conditions and disturbance.

The mean basal area of the woodland (8.2 m*ha™) is only about two-thirds of the 12.0 m*ha™ predicted
on the basis of the ratio of mean annual temperature (21.9 °C: see Appendix 2 for a summary of the
climate of the area) to mean annual rainfall in metres (0.956: Appendix 2) using a relationship derived
for miombo generally:

Basal Area = 6.571 288X

where X is the T/P ratio (Frost, 1996). It is also much less than the 13.7 m*ha™ predicted on the basis
of mean annual rainfall alone using the relationship obtained from a range of miombo sites (Frost,
1996):

Basal Area = 0.01Rainfall + 4.14

This may reflect the effects of a combination of factors. These include past and present wood
harvesting (evidence for which can be seen throughout the forest), and the relative aridity of Kalahari
Sand, despite the apparently high mean annual rainfall, resulting from the excessive well-drained
nature of these soils. This means that effective rainfall may be much less than the actual rainfall
received because the plants are not able to capture all of the moisture before it drains out of the rooting
zone. Much of this deep-draining moisture eventually flows into depressions within the otherwise flat
landscape, giving rise to a characteristic mix of woodland on the interfluves interspersed with pans,
broad grassy dambos (Figure 8), and large perennial rivers.

A mean basal area of 8.3 m’ha’ translates into an aboveground woody biomass stock of about
38.2 Mg ha™' using the relationship Stand Woody Biomass = 8.44 Basal Area — 30.89 given by Frost
(1996: Figure 2.4) for miombo stands generally. What proportion of this amount is current growth
(leaves, new shoots) is not known, though for miombo stands generally this proportion ranges from
1.5 — 11.5%, the lower percentage coming from stands with the highest woody biomass. Further work
is required to establish these relationships for the vegetation at the site.
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Figure 7. Supervised classification of land cover around Kataba Forest, Mongu, Zambia, derived from Landsat 7 ETM+ image taken in August 1999. The image
was spectrally enhanced using the decorrelation stretch routine in Erdas Imagine before classification. There is some misclassification, especially of moist
grassland. The geo-coordinates of the image have not been corrected, due to a shortage of ground control points, but comparison with the few control points
available suggest that the registration error is slight (<100 m). The approximate position of the SAVE tower is marked with a red cross at UTM coordinates 34L
741764 8291859. Part of Kataba dambo is visible in the lower right-hand corner of the image. The edge of the Bulozi Plain is situated on the left of the image.



Figure 8. Miombo woodlands on relatively flat landscapes are interspersed with broad, grassy drainage
lines or ‘dambos’. These linear depressions are underlain by a clay lens that restricts downward
percolation of surface water and upward movement of groundwater. Although linked ultimately to the
through-country drainage, lateral drainage of water in these dambos is sluggish, giving rise to seasonal
waterlogging during the annual wet season. This periodic waterlogging restricts the establishment of
trees. Kataba Dambo, 7 km ESE of Namushekende, Zambia.

References

Frost, P. 1996. The ecology of miombo woodlands. In: B. Campbell (ed.) The Miombo in Transition:
Woodlands and Welfare in Africa, pp. 11-57. Centre for International Forestry Research, Bogor,
Indonesia.

Jeanes, K.W. and Baars, RM.T. 1991a. The Vegetation Ecology and Rangeland Resources, Western
Province of Zambia. Livestock Development Project, Department of Veterinary and Tsetse Control
Services, Ministry of Agriculture, Mongu, Zambia.

Jeanes, K.W. and Baars, RM.T. 1991b. Landscapes and Grasslands of Western Province, Zambia
(map). Livestock Development Project, Department of Veterinary and Tsetse Control Services,
Ministry of Agriculture, Mongu, Zambia.

Lemmon, P.E. 1956. A spherical densiometer for estimating forest overstory density. Forest Science 2:
314-320

Lemon, P.E. 1957. A new instrument for measuring forest overstory density. Journal of Forestry 55:
667-668.

Muchinda, M.R. 1985. The Agricultural Climates of Zambia. Agrometeorological Report No. 9.
Meteorological Department, Lusaka, Zambia.

Zambian Meteorological Department. 1987. Totals of Monthly and Annual Rainfall for Selected
Stations: Western Province. Meteorological Department, Mongu, Zambia



Appendix 1. Vegetation survey data:

Kataba Forest, Mongu, Feb-March 2000. Plot numbers refer to the grid intersection points.

Plot Number

A1

A2

A3

A4

A5

A6

A7

B1

B2

B3

B4

B5

B6

B7

C1

C2

C3

C4

C5

C6

C7

Basal area (m*ha™)
Tree canopy cover (%)

8
44.5

12
54.3

9
54.1

5
43.4

2
14.6

3
17.2

7
42.4

7

5

9

6

6

5

11

452 432 582 616 510 525 55.6

10
47.3

5
43.5

11
53.3

9
54.3

14
61.9

61.1

11
51.0

Species

Proportional contribution to canopy cover

Albizia antunesiana

Baphia massaiensis
Bauhinia petersiana
Brachystegia bakerana
Brachystegia spiciformis
Burkea africana

Copaifera baumiana

Dialium engleranum
Diospyros batocana
Diplorhynchus condylocarpon
Erythrophleum africanum
Guibourtia coleosperma
Landolphia camptoloba
Maprounea africana
Monotes glaber

QOchna pulchra

Parinari curatellifolia
Paropsia brazzeana

Pavetta assimilis
Pseudolachnostylis maprouneifolia
Psorospermum febrifugeum
Pterocarpus angolensis
Securidaca longipedunculata
Schinziophyton rautanenii
Strychnos cocculoides
Strychnos pungens

Swartzia madagascariensis
Terminalia brachystemma
Vangueriopsis lanciflora

0.60

0.15

0.20

0.00

0.05

0.00

0.70
0.05
0.00

0.10

0.05

0.10

0.45

0.00

0.50

0.05

0.30
0.15
0.00

0.20

0.15

0.10

0.10

0.05

0.25
0.10
0.00

0.15
0.10

0.15
0.10

0.05

0.00

0.05

0.05
0.05
0.05
0.25

0.25

0.02

0.30

0.03

0.45
0.15

0.05
0.05

0.30

0.05

0.90

0.05

0.55

0.15

0.10

0.20

0.65
0.10

0.10

0.05
0.10

0.55
0.15

0.15
0.10

0.05

0.05

0.90

0.05

0.60
0.10

0.05
0.05

0.20

0.85

0.10

0.05

0.85
0.05

0.05
0.05

0.05

0.55

0.05
0.10

0.05
0.15

0.05

0.75

0.20

0.05

0.05

0.70

0.20

0.05

0.70
0.15

0.05
0.05

0.05

0.70
0.05
0.10

0.10

0.05

0.45

0.05
0.05

0.15
0.25

0.05

UTM coordinates

Zone

Easting

Northing (derived from GPS readings)

34L

0741562

8291993

0741842
0741591
0741896
0741764

8292019
8291696
8291732
8291859




Appendix 1 (cont.)

Plot Number

D1

D2

D3

D4

D5

D6

D7

E1

E2

E3

E4

E5

E6 E7

F1

F2

F3

F4

F5

F6

F7

Basal area (m”ha™)
Tree canopy cover (%)

14
61.9

6
37.2

10
49.9

5
43.2

7
51.5

8
43.9

10
49.9

9

14

8

7

9

7 7

5564 582 538 447 536 244 486

7
59.8

6
55.9

46.5

52.8

10
56.7

10
57.7

10
54.6

Species

Proportional contribution to canopy cover

Albizia antunesiana

Baphia massaiensis
Bauhinia petersiana
Brachystegia bakerana
Brachystegia spiciformis
Burkea africana

Copaifera baumiana

Dialium engleranum
Diospyros batocana
Diplorhynchus condylocarpon
Erythrophleum africanum
Guibourtia coleosperma
Landolphia camptoloba
Maprounea africana
Monotes glaber

Ochna pulchra

Parinari curatellifolia
Paropsia brazzeana

Pavetta assimilis
Pseudolachnostylis maprouneifolia
Psorospermum febrifugeum
Pterocarpus angolensis
Securidaca longipedunculata
Schinziophyton rautanenii
Strychnos cocculoides
Strychnos pungens

Swartzia madagascariensis
Terminalia brachystemma
Vangueriopsis lanciflora

0.25
0.40

0.05
0.30

0.25
0.15
0.05

0.05
0.20

0.10
0.15

0.05

0.05

0.60
0.10
0.05
0.05

0.05

0.10

0.05

0.60

0.05

0.05

0.05
0.10
0.05

0.05

0.05

0.55
0.05

0.05
0.10

0.15

0.05

0.45
0.30
0.05

0.10

0.10

0.00

0.55

0.15

0.05

0.00
0.10

0.05
0.10

0.50
0.15

0.10

0.15

0.05

0.05

0.05

0.60
0.10

0.05

0.05
0.10

0.05

0.10
0.55
0.05
0.00

0.05

0.15

0.05

0.05

0.10

0.55
0.05
0.05

0.05

0.05

0.15

0.15
0.15
0.45

0.10
0.05

0.05

0.05

0.10

0.40

0.50 0.45

0.05 0.15
0.00

0.00

0.05 0.05
0.00

0.15

0.05

0.05

0.55
0.05
0.05

0.10

0.25

0.20
0.25
0.05
0.10

0.10

0.05

0.25

0.05

0.50
0.15
0.15
0.10

0.05

0.05

0.20
0.45

0.05

0.15
0.00

0.10
0.00

0.30
0.55

0.05

0.05

0.05

0.20
0.40
0.15
0.10

0.10

0.05

0.05

0.45
0.10

0.10

0.05

0.05
0.10

0.10

10



Appendix 1 (cont.)

Plot Number B375W B325W B275W B225W | B175E B225E B275E B325E B375E |C375W C325W C275W C225W | C175E C225E C275E C325E C375E
Basal area (m”ha™) 8 8 10 10 9 5 8 3 4 9 7 9 11 7 6 3 12 11
Tree canopy cover (%) 38.0 54.3 52.3 51.7 481 33.5 54.6 23.7 8.8 48.1 49.9 62.1 51.2 34.8 48.6 18.5 61.1 53.3
Species Proportional contribution to canopy cover

Albizia antunesiana

Baphia massaiensis 0.00 0.05 0.20 0.35 0.35 0.25

Bauhinia petersiana 0.15 0.05 0.05

Brachystegia bakerana 0.25 0.90
Brachystegia spiciformis 0.20 0.40 0.65 0.25 0.35 0.15 0.75 0.60 0.65 0.40 0.55 0.55 0.55 0.55

Burkea africana 0.15 0.15 0.45 0.20 0.05 0.15 0.05 0.10 0.05 0.10 0.15 0.15

Copaifera baumiana 0.00 0.00 0.00 0.15 0.05 0.15 0.20 0.05 0.10 0.05

Dialium engleranum 0.00 0.05 0.10 0.05 0.05 0.00 0.05
Diospyros batocana 0.00 0.05 0.10 0.00 0.05 0.10 0.10 0.05 0.10 0.05 0.05 0.05

Diplorhynchus condylocarpon 0.00 0.10 0.20 0.05 0.20 0.05

Erythrophleum africanum 0.25 0.20 0.05 0.05 0.15 0.15 0.15
Guibourtia coleosperma 0.05 0.15 0.30 0.10 0.35 0.10 0.10 0.20 0.05
Landolphia camptoloba

Maprounea africana 0.05

Monotes glaber

Ochna pulchra 0.00 0.05 0.05 0.00 0.05 0.10 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05

Parinari curatellifolia 0.05

Paropsia brazzeana 0.10 0.05 0.00

Pavetta assimilis

Pseudolachnostylis maprouneifolia 0.05

Psorospermum febrifugeum 0.00 0.00

Pterocarpus angolensis 0.25 0.25 0.05 0.05 0.05 0.05 0.15 0.10

Securidaca longipedunculata

Schinziophyton rautanenii

Strychnos cocculoides

Strychnos pungens 0.00
Swartzia madagascariensis 0.10

Terminalia brachystemma 0.05

Vangueriopsis lanciflora 0.10 0.10 0.05

11



Appendix 2

Climate data for Mongu (15° 15°S, 23° 09’E, altitude 1053m asl)

Rainfall and evaporation

12

Rainfall data for 80-year period, 1907-1987 (Zambian Meteorological Department, 1987);
evaporation data for 13 years during the period 1950-1980 (Muchinda 1985)

Month Mean Min. Max. Mean rponthly

(mm) (mm) (mm) evaporation (mm)

July 0.3 0.0 19.6 186

August 0.6 0.0 12.5 234

September 2.4 0.0 27.7 293

October 33.1 0.0 134.9 290

November 104.7 17.3 264.4 179

December 202.6 62.6 379.7 151

January 215.9 71.4 419.1 167

February 204.0 239 490.5 143

March 150.8 5.6 340.9 168

April 37 0.0 161.5 169

May 4.2 0.0 45 178

June 0.5 0.0 15.7 163

Average 956.0 - - 2301

Extreme values - 577.2 1352.4 -
Year - 1981/82 1957/58 -
Temperature, relative humidity and wind speed
Data from the period 1950-1980 (Muchinda, 1985)
Mean monthly  Mean Abs. Mean Abs. Mean wind
temperature max. max. min. min. (%) spee_(li

Month (U(©) (U(©) (U(©) (U(©) (U©) (ms”)
July 16.8 26.7 31.9 9.1 0.3 45 3.7
August 20.4 29.7 353 11.7 -1.6 35 3.8
September 243 33.0 38.0 15.9 6.7 31 3.7
October 25.5 34.0 38.4 17.6 7.3 41 3.1
November 23.9 30.9 37.9 17.9 11.1 61 2.4
December 23.1 28.9 36.7 18.3 14.4 73 2.2
January 23.1 28.7 35.2 18.5 12.8 73 2.2
February 22.8 28.0 34.0 18.6 14.2 73 2.1
March 23.0 28.7 33.6 18.3 12.3 73 2.3
April 223 293 345 16.4 7.5 64 2.7
May 19.8 28.2 334 12.2 2.2 52 3.1
June 17.3 26.2 31.1 8.6 -1.6 48 33
Year 21.9 294 38.4 153 -1.6 56 2.7
No. years data 25 25 25 25 25 25 23





KATABA FOREST RESERVE AND SURROUNDING AREAS: LAND COVER
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Figure 7. Supervised classification of land cover around Kataba Forest, Mongu, Zambia, derived from Landsat 7 ETM+ image taken in August 1999. The image
was spectrally enhanced using the decorrelation stretch routine in Erdas Imagine before classification. There is some misclassification, especially of moist
grassland. The geo-coordinates of the image have not been corrected, due to a shortage of ground control points, but comparison with the few control points
available suggest that the registration error is slight (<100 m). The approximate position of the SAVE tower is marked with a red cross at UTM coordinates 34L
741764 8291859. Part of Kataba dambo is visible in the lower right-hand corner of the image. The edge of the Bulozi Plain is situated on the left of the image.





