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Abstract: Understanding the capacity of forest ecosystems to store carbon is fundamental in quantifying the
contribution of trees to climate mitigation because they indicate the amount of carbon that can be offset. This
study was conducted to estimate the living biomass and carbon stock for selected part of miombo woodland in
Chongoni forest reserve with the purpose of providing data for sustainable forest management and baseline
data for carbon monitoring. The results shows that there is significant amount of living biomass (1690+32
tonnes ha’) and carbon stock (845+16 tonnes ha’) for miombo woodland in the forest reserve. There were
significant (P<0.001) differences among dbh classes on number of stems per hectare with the small dbh class
(5-14.9cm) having the highest (261+3) number of stems per hectare. However, there were no significant
(P>0.05) differences between medium dbh class (15-29.9 ¢m) and the large dbh class (=30cm) on number of
stems per hectare, even though the large dbh class had slightly higher (171+5) number of stems per hectare
than the medium dbh class (161+5). The uncertainty for the estimated living biomass and carbon stock were low
(<4%) at 95% confidence level. Further estimation of biomass and carbon stock for the remaining part of
miombo woodland in Chongoni forest reserve is required, which could lead to recommendation for REDD+
activities to be carried out in Malawi with Chongoni forest reserve as one of the site.
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1. INTRODUCTION

Forests play an essential role in reducing an atmospheric carbon since they dominate the dynamics of
the terrestrial carbon cycle [1]. Forests contains about 50% of the carbons stored in the vegetation and
about 50% of the carbon stored in the soil [2]. Hence, there is growing interest in understanding
carbon stocks in tropical forests [3]. Understanding the capacity of forest ecosystems to store carbon
is fundamental in quantifying the contribution of trees to climate mitigation because they indicate the
amount of carbon that can be offset [4].

Several studies have suggested that forest ecosystems can be a significant sink for carbon fixation
[5 — 9]. In addition, the Kyoto Protocol also recommended afforestation and reforestation as the
promising mitigation strategies because trees are able to absorb a considerable amount of carbon
dioxide (CO,) through photosynthesis, while wood production is recognized as a form of carbon
storage [10].

Biomass is defined as the organic matter fixed by trees and the source of all other productivity in the
forest [1]. Biomass is of great importance because it can be used to assess changes in the forest
structure, quantify increment in forest yield, growth or productivity, and to determine energy fixation
in the forest [1, 11, 12]. Despite all these, very few studies have been attempted to estimate biomass
and carbon stock in Malawi’s miombo woodland forest in particular Chongoni Forest Reserve, due to
the focus on fast growing exotic plantations which have been prioritized by government. The miombo
woodland forest is well described by [3, 13]. Therefore, the present study was undertaken to estimate
the living biomass and carbon stock for miombo woodland in Chongoni Forest Reserve with the aim
of providing data for sustainable forest management and baseline data for carbon monitoring.
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2. MATERIALS AND METHODS
2.1 Study Site

The study was conducted in July 2014 in Malawi located in Southern Africa in the tropical savanna
region at Chongoni Forest Reserve in Dedza. Chongoni is located between latitudes 14°10’S and
14°21°S and longitudes 34°09°E and 34°17°E (Figure 1). It receives 1200 mm to 1800 mm rainfall per
annum, with annual temperature ranging from 7 °C to 25 °C. The altitude of the reserve varies from
1570 m to 1690 m above the sea level. It is situated about 85 km southeast of Lilongwe, the capital
[14]. Chongoni Forest Reserve cover approximately 12600 ha of land. The forest reserve is divided
into two units for management purposes. Unit 1 covers approximately 11200 ha is managed by Dedza
District Forestry Office while Unit 2 which covers about 1400 ha is management by Malawi College
of Forestry and Wildlife. Unit 2 is further categorized into two with respect to forest type: Miombo
woodland (300 ha) and Pine plantation (1100 ha). So the study was conducted in miombo woodland
in Unit 2.
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Figurel. Location of Chongoni Forest Reserve in Southern Africa
2.2 Sample Plots and Data Collection

The required number of sample plots and grid interval was determined using the procedure outlined
by [15]. A total of forty-five sample plots at an interval of 250 m were used for the inventory. Sample
plots of radius 20 m were established at each sampling point and the diameter at breast height (dbh)
(1.3m above ground level) for each tree (dbh > 5 cm) in the plot were measured and recorded. The
name of each tree measured was identified and recorded.

2.3 Statistical Analysis

Data obtained were tested for normality and homogeneity with Kolmogorov-Smirnov D and normal
probability plot tests using Statistical Analysis of Systems software version 9.1.3 [16]. After the two
criteria were met, the data was subjected to descriptive analysis and analysis of variance (ANOVA).
ANOVA was performed in order to determine the significant differences on the number of stems per
hectare between different dbh classes and differences between means were separated using Fischer’s
least significant difference (LSD) at the 0.05 level.

2.4 Biomass, Carbon and Uncertainty Estimation
Above ground biomass (AGB) of a tree was estimated using the equation:
AGB =SV x p x BEF

Where: SV is stem volume (m®), p is wood density (ton per m®), while BEF is Biomass Expansion
Factor. The wood density values were obtained from IPCC-GPG and academic papers. In cases where
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wood density values was not available, a default value of 0.60 (ton per m®) was used. Furthermore, a
default value of 3.4 for BEF was used. Stem volume was calculated using stem volume equations
(Table 1) developed by [17] specific for Chongoni Forest Reserve.

Tablel. Stem volume equations for dominant species and important species groups for Chongoni Forest reserve

Species / Species group Equation

Brachystegia floribunda Logio V = -4.22 + 2.77log,odbh
Brachystegia boehmii Log V = -3.85 + 2.49log;odbh
Brachystegia spiciformis Log V = -4.30 + 2.85log;dbh
Faurea saligna and Faurea speciosa V)’ =0.081 + 0.0268dbh
Uapaca kirkiana Logye V = -4.19 + 2.76log,odbh
For canopy species Logyo V = -4.22 + 2.76log,odbh
For under-storey species Log V = -3.87 + 2.43log,odbh

Note: V = Volume, dbh = diameter at breast height (1.3m above the ground level), Log,, =Logarithm to the
base 10.

Below ground biomass (BGB) was estimated using the equation:
BGB = AGB xR

Where: R is the root shoot ratio and varies with tree species, tree ages, and growth conditions. In this
study a default value of 0.25 was used. Total living biomass (TLB), carbon stock and uncertainty were
estimated using the procedure outlined by [15].

3. RESULTS AND DISCUSSION
3.1 Distribution of Number of Trees Per Hectare Within Dbh Classes

The results on distribution of number of stems per hectare within dbh classes are presented in Figure2.
The results indicates that there were significant (P<0.001) differences among dbh classes on number
stems of stems per hectare. The small diameter class (5-14.9 cm) had the highest number of number
per hectare. This is consistent with the results reported by [15] for Dzalanyama forest reserve.
However, there were no significant (P>0.05) differences between medium dbh class (15-29.9 cm) and
the large dbh class (=30cm) on number of stems per hectare, even though the large dbh class had
slightly higher number of stems per hectare than the medium dbh class. This is an indication that there
is little disturbance on the miombo woodland. Site observation showed that more illegal activities are
carried out in the nearby fast growing pine plantation than in miombo woodland, since the
surrounding communities rely on timber as one of their source of income.

Figure 2 further shows that the distribution of number of stems per hectare for different dbh class is
not normally distributed. It is skewed to the left. According to Vieira and Scariot [18], a forest which
is not normally distributed in terms of number of stems per hectare for different dbh classes, that
forest is considered as not sustainably managed. Hence, there is a need to promote a silvicultural
system that would enable the forest to be sustainably managed and coppice with standard has been
recommended as one of the future management options in management of miombo woodlands in
Malawi [13].
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Figure2. Distribution of number of stems per hectare within dbh class, Note: *"bars with different letters
significantly differ (P<0.001)
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3.2 Biomass and Carbon Estimation

Summary of the results for the estimated total living biomass, above ground biomass, below ground
biomass, total carbon stock, above ground carbon stock and below ground carbon stock are given in
Table 2. The results shows that there is a significant amount of living biomass and carbon stock for
miombo woodland in Chongoni forest reserve. The estimated total living biomass per hectare was
twenty-seven (27) times more than the one estimated in Dzalanyama forest reserve [15]. The huge
different between the values for the present study and that of Dzalanyama forest reserve could be the
intensity of illegal activities. There is a massive illegal cutting of trees in Dzalanyama forest reserve
for fuel wood and charcoal production than in Chongoni forest reserve. It was reported that 0.4Mt of
living wood biomass is being illegally harvested for charcoal and fuel wood productions in
Dzalanyama forest reserve annually [19].

3.3 Uncertainty Analysis

The estimates for uncertainty for living biomass and carbon stock at 95% confidence level are
presented in Table 2. The results indicates that the uncertainty for both living biomass and carbon
stock were low (<4%). This is an indication that the uncertainties for estimation of biomass and
carbon stock were minimized in this study. There are several sources of error in estimation of biomass
and carbon stock. These include; sampling size, field measurement, and use of allometric or stem
volume equations [20 — 22]. The sample size error was minimized by considering 45 plots of 0.13 ha
each, totaling to 5.85 ha. It has been reported that the recommended total sample size is 5 ha or 20
plots of 0.25ha. This can allow estimation of the AGB with an error of £10% within 95% confidence
interval [21, 23, 24]. Therefore, the present study had large sampling size to minimize the error. In
addition, the sample plots were uniformly distributed in the forest reserve.

The field measurement error was minimized by measuring a large amount of trees. In this study a total
of 3428 trees were measured. Measuring large amounts of trees leads to measurement errors which
are normally distributed and have minimal effect on the final biomass determination [23]. The use of
site specific stem volume equations also contributed to minimize the uncertainty. It has been reported
that site specific allometric or stem volume equations tends to have low (<5%) uncertainty [25].
Malawi is in the initial stages of REDD+ (Reducing emissions from deforestation and forest
degradation through sustainable forest management) and proposed to adopt Tier 2. The use of site
specific stem volume equation could also help Malawi to achieve Tier 2 level of accuracy for REDD+
framework. The recommended uncertainties for REDD+ mechanism is less than 15% at 95%
confidence interval [26]. Therefore, further estimation of biomass and carbon stock for the remaining
part of miombo woodland in Chongoni forest reserve is required, which could lead to
recommendation for REDD+ activities to be carried out in Malawi with Chongoni forest reserve as
one of the site.

Table2. Biomass, Carbon stock and Uncertainty at 95% confidence level for miombo woodland in Chongoni
forest reserve with standard errors in parenthesis

Parameter Density (kt/ha) Total (kt) Uncertainty (%)
Above ground biomass (AGB) 1.35(0.03) 405.53(7.73) 3.6
Below ground biomass (BGB) 0.34(0.01) 101.38(1.93) 35
Total living biomass (TLB) 1.69(0.03) 506.92(9.66) 3.7
Above ground carbon stock 0.68(0.01) 202.77(3.86) 35
Below ground carbon stock 0.17(0.01) 50.69(0.97) 35
Total carbon stock 0.85(0.02) 253.46(4.83) 3.7

4. CONCLUSION

The study has shown that there is significant amount of living biomass and carbon stock for the
selected part of miombo woodland in Chongoni forest reserve. There were significant differences
among dbh classes on number of stems per hectare with the small dbh class (5-14.9cm) having the
highest number of stems per hectare. However, there were no significant differences between medium
dbh class (15-29.9 cm) and the large dbh class (>30cm) on number of stems per hectare, even though
the large dbh class had slightly higher number of stems per hectare than the medium dbh class. The
uncertainty for the estimated living biomass and carbon stock were low (<4%) at 95% confidence
level. Further estimation of biomass and carbon stock for the remaining part of miombo woodland in
Chongoni forest reserve is required, which could lead to recommendation for REDD+ activities to be
carried out in Malawi with Chongoni forest reserve as one of the site.

International Journal of Forestry and Horticulture (1JFH) Page 15



Biomass and Carbon Stock Estimation for Miombo Woodland in Selected Part of Chongoni Forest
Reserve, Dedza, Malawi

REFERENCES

[1] Devi L.S. and Yadava P.S., Carbon stock and rate of carbon sequestration in Dipterocarpus
forests of Manipur, Northeast India, Journal of Forestry Research, 26(2), pp 315 — 322, (2015).

[2] TBFRA, Forest resources of Europe, CIS, North America, Australia, Japan and New Zealand
(industrialized temperate/boreal countries). In: UN-ECE/FAO contributions to global forest
resources assessment, New York, pp 155-171, (2000).

[3] Kalaba F., Carbon storage, biodiversity and species composition of Miombo woodlands in
recovery trajectory after charcoal production and slash and burn agriculture in Zambia’s
Copperbelt, Centre for Climate Change Economics and Policy, Working Paper No. 119,
Sustainability Research Institute, Paper No. 40, (2012).

[4] Ditt E.H., Mourato S., Ghazoul J. and Knight J., Forest Conversion and Provision of Ecosystem
Services in the Brazilian Atlantic Forest, Land Degradation and Development, 21, pp 591 — 603,
(2010).

[5] Birdsey R.A., Plantinga A.J. and Heath L.S., Past and Prospective Carbon Storage in United
States Forest, Forest Ecology and Management, 58, pp 33-40, (1993).

[6] Dixon R.K., Brown S., Houghton R.A., Solomon A.M., Trexler M.C. and Wisniewski J., Carbon
pools and flux of global forest ecosystems, Science, 263, pp 185-190, (1994).

[7] Kirschbaum M.U.F., The carbon sequestration potential of tree plantations in Australia. In:
Eldridge KG, Crowe MP, Old KM (Eds) Environmental management: the role of eucalypts and
other fast growing species. CSIRO: Forestry and Forest Products, Canberra, pp 77-89, (1996).

[8] Ciais P., Peylin P. and Bousquet P., Regional biospheric carbon fluxes as inferred from
atmospheric CO2 measurements. Ecological Applications, 10 pp 1574-1589, (2000).

[9] Tsay J.S., Ko P.H. and Chang P.T., Carbon storage potential of avenue trees: a comparison of
Barringtonia racemosa, Cyclobalanopsis glauca, and Alnus formosana, Journal of Forestry
Research, 26(2), pp 307 — 314, (2015).

[10] IPCC, Climate change 2007: the scientific basis: IPCC fourth assessment report, working group
I. Available online at http://www:.ipcc.ch, (2007).

[11] Thokchom A. and Yadava P.S., Biomass and carbon stock assessment in the sub-tropical forests
of Manipur, North East India, International Journal of Ecology and Environmental Science,
39(2), pp 107-113, (2013).

[12] Brown S., Estimating biomass and biomass change of tropical forests, FAO Forestry Paper 134,
A forest resources assessment publication, Rome, pp 1, (1997).

[13] Missanjo E., Kamanga-Thole G., Mtambo C. and Chisinga O., Evaluation of Natural
Regeneration and Tree Species Diversity in Miombo Woodlands in Malawi, Journal of
Biodiversity Management and Forestry, 3:3, (2014).

[14] Missanjo E., Ndalama E., Sikelo D. and Kamanga-Thole G., Quarry Dust Emission Effects on
Tree Species Diversity in Chongoni Forest Reserve and Vegetation Characteristics in Adjacent
Villages, Dedza, Malawi, International Journal of Information and Review, 2(3), pp 511 — 515,
(2015).

[15] Missanjo E. and Kamanga-Thole G., Estimation of Biomass and Carbon Stock for Miombo
Woodland in Dzalanyama Forest Reserve, Malawi, Research Journal of Agriculture and Forestry
Sciences, 3(3), pp 7 — 12, (2015).

[16] SAS Institute, SAS/STAT User’s Guide, 9th Edition, Cary, NC, (2010).

[17] Abbot P., Lowore J. and Werren M., Models for the Estimation of Single Tree Volume in Four
Miombo Woodland Types, Forest Ecology and Management, 97(1), pp 25 — 37, (1997).

[18] Vieira D.L.M. and Scariot A., Principles of Natural Regeneration of Tropical Dry Forests for
Restoration, Restoration Ecology, 14, pp 11 — 20, (2006).

[19] Onaka K., Monthly Project Report: August 2013, Department of Forestry, Lilongwe, (2013).

[20] Djomo A.N., Knohl A. and Gravenhorst G., Estimations of total ecosystem carbon pools
distribution and carbon biomass current annual increment of a moist tropical forest, Forest
Ecology and Management, 261, pp 1448-1459, (2011).

International Journal of Forestry and Horticulture (1JFH) Page 16


http://www.ipcc.ch/

Edward Missanjo et al.

[21] Chave J., Condit R., Aguilar S., Hernandez A., Lao S. and Perez R., Error propagation and
scaling for tropical forest biomass estimates, The Royal Society, 359, pp 409-420, (2004).

[22] Clark D.A., Brown S., Kicklighter D.W., Chambers J.Q., Thomlinson J.R. and Ni J., Measuring
net primary production in forests: concepts and field methods, Ecological Applications, 11, pp
356-370, (2001).

[23] Keller M., Palace M. and Hurtt G., Biomass estimation in Tapajos National Forest Brazil
examination of sampling and allometric uncertainties, Forest Ecology and Management, 154, pp
371-382, (2001).

[24] Clark D.B. and Clark D.A., Landscape-scale variation in forest structure and biomass in a
tropical rain forest, Forest Ecology and Management, 137, pp 185-198, (2000).

[25] Mandal R.A., Yadav B.K.\V., Yadav K.K., Dutta I.C. and Haque S.M., Development of
Allometric Equation for Biomass Estimation of Eucalyptus camaldulensis: A study from
Sagarnath Forest, Nepal, International Journal of biodiversity and ecosystems, 1(1), pp 001-007,
(2013).

[26] Eggleston S., Buendia L., Miwa K., Ngara T, and Tanabe K. (eds)., 2006 IPCC Guidelines
National Greenhouse Gas Inventories, Volume 4. Agriculture, Forest and Other Land use, IGES,
Hayama, Japan, (2006).

AUTHOR’S BIOGRAPHY

Edward Missanjo is a Lecturer at Malawi College of Forestry and Wildlife,
currently pursuing a PhD degree in Wood Science at Kyushu University, Japan. His
main fields are Biometry, Quantitative and Statistical Genetics, Research Methods
and Design, Selection, Forest Mensuration and Inventory, Wood anatomy, and
Forest Management. He is the author of over thirty (30) articles published in
different journals

Gift Kamanga-Thole is a Lecturer at Malawi College of Forestry and Wildlife,
currently pursuing a MSc degree in Forestry at Lilongwe University of Agriculture
and Natural Resources (LUANAR), Malawi. His main fields are Agroforestry,
Forest Entomology, Forest Economics, Silviculture, Forest Protection, and Forest
Ecology.

Anderson Ndema, is a Lecturer at Malawi College of Forestry and Wildlife, a
holder of BSc from Mzuzu University, Malawi. His main fields are Forest
Economics, Silviculture, Forest Harvesting and Utilization, Forest Management,
GIS and Remote Sensing, and Forest Resource Assessment

International Journal of Forestry and Horticulture (1JFH) Page 17



