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Executive summary 

To maximise the contribution of bamboo to national economies and environmental protection, 

countries need accurate, up-to-date, spatially explicit data and maps of bamboo resources. The 

identification of growing areas (extent and distribution) of bamboo resources is critical for proper 

planning to inform decision-making and policies for sustainable management and use. It is against 

this background that this study was necessitated. The study conducted a review of existing 

literature on bamboo resource assessment and obtained field-based measurements of sampled 

bamboo stands to determine the structural characteristics and ecological variation of bamboo in 

five (5) regions, namely the Ashanti, Central, Eastern, Western and Western North regions. The 

Sentinel 2 images were used to develop a bamboo distribution map for the project regions. In all, 

456 bamboo stands were located for sampling by aid of snowball sampling techniques. These 

selected stands were used as training data inputs for image classification. An accuracy of 79.28% 

was achieved for the classified bamboo species distribution map. A total of 42,889.63 ha were 

estimated to harbour bamboo stands. Of these, most (10,325.51 ha) were located in the Ashanti 

region, followed by the Central (9,518.23 ha), Western (9,397.49 ha), Eastern (8,991.80 ha) and 

Western North regions (4,656.60 ha). Ecologically, there was a higher distribution of bamboo in 

moist ecozones (mainly moist semi-deciduous and moist evergreen) than in dry ecozones (dry 

semi-deciduous and savannah).  

Bamboo stands exhibited structural variation across ecological zones. The average number of 

culms per clump was higher in the wet evergreen (WE) eco-zone (97.2 ± 17.5) and lower in the 

dry semi-deciduous (DSD) eco-zone (57.9 ± 4.8). Also, the mean culm diameter was greatest in 

stands found within the moist evergreen (ME) eco-zone (7.9 ± 0.1cm) and least in the DSD eco-

zone (6.90 ± 0.2cm). The average stem thickness varied between 5.3 ± 0.2 and 15.0 ± 0.5 mm 

for the moist semi-deciduous north-west (MSDNW) eco-zone and the southern marginal (SM)/WE 

zones, respectively. Clumps of bamboo in the DSD eco-zone were closer together (8.2 ± 0.2m) 

than in the MSDNW eco-zone (9.9 ± 0.2m). Additionally, the basal area was highest for bamboo 

in the ME eco-zone (49.3 ± 3.35 m2ha-1) and lower in the DSD inner zone (IZ) eco-zone 

(30.86 ± 3.68 m2ha-1). The WE had the highest number of culms per clump (97.2 ± 17.5) while 

the DSD (IZ) was estimated to have the lowest (57.9 ± 4.8). The stand density was highest in the 

ME (9982.5 ± 709.6 culms/ha-1) and lowest in the DSD (IZ) (8139.5 ± 905.4 culms/ha-1). 

Cumulatively, a total of 570,305,736.80 culms were estimated to be present in the study regions, 
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with the Western and Eastern regions recording the highest and lowest, respectively. Culms in 

the diameter size class 6.1cm–9cm were widely distributed across the various ecological zones. 

On the bamboo carbon stock potentials for the five regions, analysis of remote sensing data 

indicated a total value of 9,589,837.14 tC (35,163,867.31 tCO2-e), with the Ashanti region having 

the highest total carbon stock (3,979,277.62 tC (14,590,836.21 tCO2-e)) and the Eastern region 

having the lowest (969,097.63 tC (3,553,230.34 tCO2-e)). 

In conclusion, the study has provided information on spatial distribution, structural characteristics 

and density of bamboo resources, as well as aboveground carbon stock of bamboo for five (5) 

selected regions in Ghana. It is recommended that the bamboo inventory be replicated to cover 

the remaining eleven (11) regions in the country, as this will facilitate national planning and 

sustainable management of bamboo resources.  
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1. Introduction 

Bamboo is one of the best-yielding renewable natural resources in the world, having over 1,500 

documented applications (Syeda and Kumar, 2014). In its lifetime, a single bamboo clump/stand 

can produce culms of 15 kilometres in length (Syeda and Kumar, 2014). Bamboo includes all 

plants in the Bambusoideae subfamily of the grass family Poaceae, a single evolutionary radiation 

of 1,642 species, including 1,521 woody bamboos. They occupy a broad range of environments 

across the world, largely in tropical to warm temperate ecosystems, with some varieties growing 

in cold temperate regions (INBAR, 2016). There are two main categories of bamboo: clumping 

(sympodial) and running or open (monopodial). The clumping type of bamboo spreads slowly at 

a rate of 1–4 feet (0.5–1 meter) per year and is easy to control.  In Ghana, the main category of 

bamboo is sympodial, and there are seven (7) indigenous species of bamboo, namely: 

Oxthenanthera abyssinica, Bambusa vulgaris, Bambusa vulgaris var. vittata, Bambusa 

perveriabilis, Dendrocalamus strichus and Bambusa multiplex (Forestry Commission, 2020). 

Oxthenanthera abyssinica is mostly found in the northern part of the country, while the other six 

(6) species are concentrated in the southern sector (Ebanyenle and Oteng-Amoako, 2007). The 

most prevalent is Bambusa vulgaris; among the species, Bambusa vulgaris makes up about 90–

95% of the bamboo resources in the country (Ebanyenle and Oteng-Amoako, 2007), whereas 

Bambusa multiplex accounts for about 4%. Tekpetey (2011) and Ebanyenle et al. (2005) estimate 

bamboo forest to cover about 300,000 ha and 400,000 ha of Ghana, respectively, although these 

estimates were not based on any remotely sensed data and are lacking in accuracy. Also, bamboo 

in Ghana is often found along streams and other water bodies and is particularly abundant in ME 

forest areas due to favourable growth conditions for growth. The soil types that dominate in 

bamboo-endemic regions are forest ochrosols, forest chrosols-oxysols intergrades and forest 

oxysols. In the forest zone, specifically in the Western region, the soils are mostly lateritic. 

On ownership, bamboo is considered a non-timber forest product (NTFP) under the Reserve 

Settlement Commissioner’s Report, and customary user rights are granted to the stools and the 

respective land-owning communities. Consequently, no specific legal provisions separate the 

ownership, control and management of NTFPs from the ownership, control and management of 

the land and timber resources that make up the forest. Though stool lands, as provided for in the 

Constitution, are owned by the communities and vested in the appropriate stools in trust for and 

on behalf of them, the Concessions Act, 1962 (Act 124) imposes state trusteeship on stool lands 
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in addition to stool trusteeship for all lands within forest reserves. Therefore, it is the State that 

has control, as a trustee, of forest reserve lands and the trees/NTFPs occurring thereon, which 

include bamboo.  

However, in off-reserve areas, the actual ownership of naturally occurring trees is not separated 

from the ownership of land by either the Constitution nor by any of its implementing acts or 

regulations. Therefore, the ownership of natural trees overlaps with the ownership of the land on 

which the trees occur. This means that communities are the owners of forest resources on stool 

lands, and the stools have control over these resources in trust for and on behalf of the 

communities. According to the Forestry Commission Act, 1999 (Act 571) the Commission has the 

mandate to regulate the utilization of forest and timber resources in off-reserve areas as opposed 

to managing, vetting and registering contracts to market timber, setting standards and guidelines 

and providing for checks and procedures along the timber supply chain in the reserves. 

Fourteen (14) other introduced species were imported to Ghana from Hawaii in 2003 by 

Opportunity Industrialization International Centre (OICI). The Bamboo and Rattan Development 

Programme (BARADEP) facilitated their distribution to institutions and NGOs to multiply and 

monitor their growth conditions and adaptability in Ghana. 

Bamboo plays an increasing role in ecosystem services, biodiversity conservation and socio-

economic development. It has been recognised as an important carbon sink and has potential for 

mitigating climate change (Song et al., 2011; Dubey et al., 2016; Agarwal and Purwar, 2017). 

Despite its enormous benefits, the high potential of bamboo for socio-economic development and 

environmental conservation has still not been fully realised due to limited information on the 

abundance and distribution of bamboo in Ghana. According to INBAR (2014), bamboo as a 

versatile plant offers carbon sinks to countries and international climate initiatives that will 

significantly reduce the negative effects of greenhouse gases on the planet. Bamboo plays a role 

in all three kinds of carbon sinking: the plant offers charcoal and gas alternatives to fossil fuels, 

fast-growing and remarkably renewable stands of dense vegetation, and harvested materials with 

an array of uses that date from the dawn of humanity. Currently, different types of Bamboo are 

now multiplying and improving in step with the accelerating advance of science. Bamboo has 

enormous potential to contribute to poverty reduction, youth employment, and environmental 

protection, as well as to broader UN Sustainable Development Goals (SDG 1, 2, 7, 11, 12, 13 

and 15). The Ghana Forest and Wildlife Policy (2012) and Forestry Development Master Plan 
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(2016–2036) address the promotion and development of bamboo as a substitute for timber, which 

has become imperative as a result of the dwindling wood resource situation in the timber sector 

in Ghana. Also, bamboo offers an opportunity to increase income and employment opportunities 

for the rural poor, with possibilities of annual harvests. It is worth emphasizing that globally, the 

annual production and consumption of bamboo products is valued at USD 60 billion, and global 

import and export is valued at USD 2.5 billion (INBAR, 2018). 

The conventional method of surveying and estimating the growing bamboo stock is time-

consuming and costly. Therefore, an approach utilizing developments in space technology, 

particularly the repetitive satellite remote sensing across various spatial and temporal scales, 

offers the most economic means of assessing, planning, managing and monitoring forestry 

resources, including bamboo (Goswami et al., 2010). This study applied remote sensing (RS), 

geographic information system (GIS) and field-based measurements to estimate bamboo 

resources in five (5) domiciled bamboo regions in Ghana. The results have provided baseline 

data for a decision-making and policy framework in terms of the planning and development of 

bamboo resources in Ghana. Additionally, the contribution of bamboo to climate change 

mediation (i.e. as a carbon sink) and the extent and distribution of bamboo resources in the five 

(5) regions has been determined. This will aid investors in determining where to site bamboo-

based industries.  
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2. Objectives and outcome 

2.1 Main objective 

To determine the spatial distribution of bamboo and bamboo carbon stocks in the high forest zone 

(HFZ) of Ghana. 

 

2.2 Specific objectives 

i. To determine the spatial distribution of bamboo species in Ghana using GIS and RS 

techniques; 

ii. To establish bamboo structural and ecological characteristics of the study regions; and 

iii. To estimate bamboo carbon stock value for the bamboo population in Ghana. 

2.3 Scope of task 

i. Desk study on existing RS methodologies for bamboo species mapping worldwide. 

ii. Identifying and obtaining suitable RS imagery for bamboo forest mapping in Ghana. 

iii. Production of bamboo species distribution map in Ghana, specifically in the Western, 

Western North, Central, Ashanti and Eastern regions.   

iv. Conducting field-based measurements using sample plots to capture structural and 

ecological variables in bamboo species. 

2.4 Outputs 

The following data/maps have been developed to inform decision-making and the development 

of policy frameworks for sustainable utilization and development of bamboo resources in Ghana. 

a) Bamboo Species Distribution Map for each of the five (5) regions 

b) Bamboo Species Distribution Map for twelve (12) political districts 

c) Bamboo Carbon Stocks 
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2.5 Organisation of report 

This report provides a concise account of work done for the Bamboo Resource Assessment in 

five (5) regions of Ghana. The report has been organised in five (5) chapters.  

Chapter 1: Provides an introduction and background for the study, discussing bamboo distribution 

throughout the world, the number of species and bamboo’s contribution to global socio-economic 

development, as well as climate change mediation. The general problem of the study and its 

scope and purpose are also indicated in the first chapter.  

Chapter 2: Includes the objectives, tasks and output of the study.  

Chapter 3: Presents the methods and material. It provides details of the satellite imagery obtained 

for the bamboo forest mapping, image analysis and accuracy assessment of the classified map. 

It also touches on the approaches adopted in determining culm ages, structural and ecological 

variations of bamboo, clumps per hectare, culms per clump and culms per hectare. The allometric 

equation used in determining the carbon values of the bamboo stands has been provided.  

Chapter 4: Presents the results and discussion, which focuses on the extent and distribution of 

bamboo resources. It provides details of the outcome of the inventory concerning culm ages, 

structural and ecological variations of bamboo, clumps per hectare, culms per clump and culms 

per hectare. It also touches on the culm and clump densities and the mean culm diameter and 

height, as well as thickness and carbon values of the bamboo stands.  

Chapter 5: Presents the main conclusions in terms of bamboo locations, abundance and carbon 

stock accumulation. It also summarises recommendations for sustainable development of the 

resources. 

2.6 Limitations to the study 

The study was limited to five (5) regions out of sixteen (16) due to limited funds. The small, patchy 

nature of bamboo makes it difficult to map it with medium-resolution satellite images (which were 

used for this work). The medium-resolution satellite images have spatial resolution ranging from 

a few meters to several meters (10 m, 15 m, 22 m, 30 m, among others). These images are mostly 

used in resource monitoring, since they are open source and free to access.  Some of the bamboo 

stands may not be the size of a pixel, and when that is the case, such bamboo stands are not 

mapped. The heterogeneous nature of Ghana’s landscape also makes it difficult to delineate 
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bamboo from other vegetation types; the heterogeneous nature leads to a lot of mixed pixels, 

resulting in misclassification. The misclassification results in either overestimation (in the case of 

dominant vegetation) or underestimation (in the case of sparse vegetation).  
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3.   Methodology 

3.1 Description of study area 

The study area covers five (5) of the sixteen (16) regions in Ghana, as presented in Figure 1. 

These regions are the Ashanti, Central, Eastern, Western and Western North regions. Generally, 

the study area falls within the semi-equatorial climate, which is characterised by high and 

seasonal bi-modal rainfall. The Ashanti region has forest vegetation in the south and savannah 

in the northeast, with a mean monthly temperature ranging from 22.80–26.30 22.8 °C. The Central 

region lies within the dry equatorial and moist semi-equatorial zones, with a mean monthly 

temperature ranging from 24 °C to 30 °C. It has a coastal savannah vegetation type with grassland 

and few trees along the coast and semi-deciduous forest in the inland areas. The Eastern region 

lies within the wet semi-equatorial zone, with temperatures ranging from 26 °C in August to 30 °C 

in March. The Western region lies in the equatorial climatic zone, with temperatures ranging from 

22 °C at nightfall to 34 °C during the day. Finally, the south-western areas are rainforests, and 

the high tropical forest and semi-deciduous forest occupy the north. The major rainy season is (in 

general) from March until July, while the minor rainy season starts in September and goes until 

the end of November. On the temperature, the hottest periods are February and March. The mean 

annual temperature falls within 22.60 °C–26.70 °C. The minimum and maximum mean annual 

precipitation range between 1046 mm and 1680 mm (Table 3.1).  
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Figure 1. Map of project regions 
 

Table 1. Climatic conditions of the study area 

Annual Climatic 
Averages  

Regions 

Ashanti Eastern Western / Western North Central 

Rainfall (mm/yr) 1279–1460 1515–1608 1545–1680 1046–1538 

Temperature (oC) 22.80–26.30 22.60–26.20 25.80–26.40 26.0–26.70 

Relative Humidity 

(%) 

85 89 85 89 

Source: Köppen and Geiger Climate Data Organisation (2019) 
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3.2 Bamboo forest mapping 

3.2.1 Acquisition of satellite imagery 

The study acquired Sentinel 2 images (medium-resolution satellite imagery) for bamboo forest 

mapping due to the complexity of identifying and differentiating bamboo stands from other 

vegetation types, such as plantation trees and agricultural crops, in the project landscape. The 

Sentinel 2 images were downloaded from the Sentinel Scientific Data Hub website 

(https://scrihub.copernicus.eu/). The Sentinel images, the details of which are presented in Table 

2, come in tiles and each tile is identified by a unique name. The images were downloaded as zip 

files, and WinRAR was used to extract them into their various bands where they were stored for 

further analysis.  

Table 2. Details of the Sentinel 2 images 

Satellite Sensor Level of 
Processing 

Tile Name Number of 
Bands 

Date 

 

 

 

 

 

Sentinel 2  

 

 

 

 

 

 

Multispectral 

Imager (MSI) 

 

 

 

L1C 

T30NVN  
T30NVM 
T30NVL   

T30NWP  
T30NWN   
T30NWM  
T30NWL 
T30NXP 
T30NXN  
T30NXM 
T30NXL  
T30NYN 
T30NYM 
T30NYL 
T30NZN  
T30NZM 
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19-02-2018 
26-12-2018 
25-04-2018 
02-02-2019 
26-12-2018 
28-12-2018 
28-12-2018 
22-01-2019 
12-01-2018 
28-12-2018 
28-12-2018 
28-12-2018 
02-01-2018 
02-01-2018 
08-12-2018 
04-01-2018 

The boundaries of the study sites (i.e. Ashanti, Eastern, Central, Western and Western North 

regions) were extracted from the administrative regional shapefile obtained from the Ghana 

Survey Department. The Sentinel images and the community, road and study area shapefiles had 

the same coordinate system – that is, Universal Transverse Mercator (UTM) Zone 30 North. For 

this reason, the processes of geo-referencing, geo-coding and transformation were ignored. 
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3.2.2 Image pre-processing 

Operations to prepare data for analysis and compensate for systematic errors are what is termed 

as image pre-processing. These errors can cause difficulty in comparing more than one image of 

the same scene taken under different conditions. It is thus important to ‘restore’ the images to 

their correct or original condition by removing these effects. The pre-processing operations 

performed in this work were layer stacking, haze correction and sub-setting. 

3.2.3 Layer stacking 

Sentinel tiles are made up of bands. Each band is defined by the particular range of wavelength 

within which it captures radiation to produce an image. The bands for each tile were stacked to 

generate a composite image using the ‘layer stack’ tool in ERDAS Imagine version 2018. This 

operation is necessary to obtain more spectral information from the composite image than can be 

gained by analysing the individual bands separately. Bands 2 (blue), 3 (green), 4 (red), 5 

(vegetation red edge), 6 (vegetation red edge), 7 (vegetation red edge), 8 (near-infrared), 8A 

(narrow near-infrared), 11 (shortwave infrared) and 12 (shortwave infrared) were stacked. Bands 

5, 6, 7, 8A, 11 and 12 were re-sampled from a spatial resolution of 20 meters to 10 meters to 

combine them with the remaining bands, which have a spatial resolution of 10 meters. After the 

layer stack operation, the stack images were displayed in different band combinations to 

determine in which of them the bamboo exhibit consistent reflectance (colour) and shape patterns. 

These were the true colour band combination (bands 2, 3 and 4), false infrared band combination 

(bands 3, 4 and 8) and shortwave infrared band combination (bands 11, 8 and 4). The field data 

were overlaid on these band combinations and labelled. The idea was to associate the bamboo 

data with a particular colour in the various band combinations.  

3.2.4 Haze correction 

Haze has an additive effect to the overall image, resulting in higher digital number (DN) values, 

and as such, it reduces the contrast (Lillesand et al., 2004). Its impact differs per band, highest in 

the blue range, lowest in the IR range (Lillesand et al., 2004). The ‘haze correction’ tool in ERDAS 

Imagine 2018 was used for this operation. This tool identifies the lowest DN value in each band 

and then subtracts it from the remaining DN values for each band. This operation improves the 

contrast of the images. The composite images generated from the layer stack operation were 

used as inputs for this operation. To improve the visualization of the images, an image 
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enhancement technique called histogram equalization was performed. This was done in ERDAS 

Imagine 2018 using the ‘histogram equalise’ tool. This operation further enhances the contrast 

and makes it easy to detect subtle differences among earth surface features identified in the 

images. 

3.2.5 Generating subsets 

The interest of this study was to identify and map bamboo within the project regions. Since some 

of the Sentinel images extended beyond the boundary, there was a need to extract areas that fell 

within it for further analysis. The ‘clip’ tool under the data management toolbox in ArcGIS 10 was 

used to extract areas of the composite images (outputs from the haze correction) that fell within 

the study area.  

3.2.6 Image classification 

Image classification is performed to identify and assign real-world thematic classes to the image 

pixels (Lillesand et al., 2004). The image classification was done in two stages: unsupervised and 

supervised classification.  

Unsupervised classification 

In the unsupervised classification method, a computer software categorises the pixels into 

common land uses using their spectral characteristics without any training data (Lillesand et al., 

2004). The iso-data unsupervised classification algorithm in ERDAS Imagine 2018 was used to 

classify each clipped image (output from the sub-setting operation) into 20–40 classes. The 

classes were merged based on spectral similarity to form 8–10 classes. The community and road 

shapefiles were overlaid on the outputs to check the distribution of these classes within the study 

area and for easy navigation for field data collection. A map was produced from the classified 

image together with the community and road shapefiles. This was used as a preliminary map for 

field data collection. 

Training data collection 

Training data for image classification was collected by two field assessment teams. The teams 

used a snowball methodology to locate 456 locations of bamboo stands in the five (5) regions. 

The data collected from the field included the coordinates of the bamboo stands using a global 

positioning system (GPS) receiver and the land use (bamboo) description of the area. All the data 
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were entered into a field sheet, transferred into a Microsoft Excel Sheet and imported to ArcGIS 

10 to create shapefile for the field data. To capture more bamboo locations for validation, an 

additional 31 bamboo stands were chosen on Google Earth and added to the existing GPS points. 

In all, 487 bamboo locations were identified, out of which 111 stands were selected for bamboo 

clump assessment and enumeration across the four regions. 

To identify and map other land use/land cover types within the study area, existing field data 

collected for the development of land use maps for the Forests 2020 Project, Forest Preservation 

Program (FPP) and REDD+ were included in the training datasets to run the supervised 

classification. From the field data, the following land use types were identified and grouped as 

presented in Table 3: close forest, open forest, water, other vegetation, settlement/bare surface 

and bamboo. This formed the classification scheme for this study. 

Table 3. Land use types within the project regions 

No. Land use Description 

1. Settlement/bare surface Building, rocky surfaces, cleared, mining site and burnt 
areas   

2. Bamboo Areas with bamboo clumps  

3. Other Vegetation Shrubs, grass, bush, marshy area and cropland  

4. Close Forest Areas with a trees canopy cover of more than 60% 

5. Open Forest Areas with trees canopy cover between 15%–59% 

6. Water River, streams, dams and lake 

Source: RMSC-FC, 2020 

 

Supervised classification 

In this type of classification, the image analyst ‘supervises’ the pixel categorization process by 

specifying to the computer algorithm numerical descriptors of the various land cover types present 

in a scene (Lillesand et al., 2004). The classification was done in ERDAS Imagine 2018. The 

polygon tool was used in training the pixels (signatures). This was made easier by the knowledge 

of the study area gained from the field visit and field data, as well as by images from the Google 

Earth application.  

After displaying the bamboo points on all the tiles and varying the band combination, the points 

were associated with consistent colour and shape patterns. This was observed in the false 

infrared band combination and shortwave infrared band combination. In the false infrared band 
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combination, bamboo showed as light red; in the shortwave infrared band combination, it showed 

as light green to yellowish-green. In both band combinations, bamboo exhibited significant form 

and outline that distinguished it from the surrounding vegetation. It appeared as a small, mostly 

linear patch of vegetation. This observation made it possible to train more classes for bamboo in 

addition to the field data. Another trend was observed from the Google Earth application. The 

Google Earth application, which is made up of high-resolution satellite images, showed particular 

characteristics for bamboo. This was derived from the crown-cover style of bamboo, which has a 

star-like appearance. These observations from the Sentinel 2 and Google Earth images were also 

used to validate the classified images. The bamboo class was extracted and overlaid on the 

Sentinel 2 images and Google Earth application and was visually inspected to ensure they 

coincide with the characteristics that were observed. 

 

 

 

During the training of pixels, each class (land use) had subclasses. The purpose of the subclasses 

was to reduce the margin of error. After training the pixels, the maximum likelihood algorithm was 

used in running the classification. The maximum likelihood (ML) classifier considers not only the 

cluster centre but also its shape, size and orientation. This is achieved by calculating a statistical 

distance based on the mean values and covariance matrix of the clusters (Wim H. Bakker et al., 

2004). 

After the classification, the outputs were displayed in ArcGIS 10. The subclasses were merged 

using the reclass tool in ArcGIS 10. This operation is called reclassification. The reclassified maps 

were then filtered to remove the ‘salt-and-pepper appearance’ and enhance the cartographic 

presentation after image classification. This was done using the ‘majority filter’ tool in ArcGIS 10. 

Figure 3. Bamboo on infrared band 

combination  

Figure 2. Bamboo on shortwave infrared 
band combination 
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The outputs from the filtering operation became the final land use maps. After filtering, the various 

tiles were mosaicked. This was done using the mosaic to new raster tool in ArcMap 10. 
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Accuracy assessment 

The field data collected for the bamboo inventory were used to assess the accuracy of the final 

map. The accuracy assessment was done only for the bamboo areas. The confusion matrix 

analysis was used. This uses accuracy assessment methods to produce statistical outputs, which 

can be used to check the quality of the classification results. The matrix further compares class-

by-class based on the field data and the classification results. 

3.3 Bamboo resource inventory 

3.3.1 Sampling design 

Adaptive cluster sampling was used as a basis for the sampling strategy because it is considered 

the most appropriate and efficient method for sampling bamboo and rattan, which are species 

that tend to occur at fairly low densities and in an aggregated manner (Thompson, 1991). A 

purposive sampling method through a snowball approach was used to select the bamboo stands 

based on the extent of bamboo clumps. In the selection of the clumps for assessment, the third 

and fifth clumps were systematically selected. 

 

Figure 4. Systematic selection of clumps for measurement 
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3.3.2 Enumeration of clump bamboo 

Within a study plot, seven (7) bamboo stands were assessed and the GPS coordinates recorded. 

The GPS coordinates of other bamboo stands identified were also recorded but not assessed. 

Thus, a total of one hundred and twelve (112) bamboo stands were assessed and their 

coordinates recorded. Two clumps were selected per stand for assessment, and a total of 224 

clumps were enumerated. At each site, the area of the bamboo cluster was usually determined 

by traversing the entire bamboo site with a GPS. 

Six (6) bamboo clumps located close to one another were then selected and the distances 

between them measured and recorded as L1, L2, L3, L4 and L5, as indicated on the field data 

sheets (Appendix I). Two (2) bamboo clumps (L3 & L5) were then selected among the six clumps 

at each site and their girths measured and recorded. Within each of the two clumps, two culms 

for each year group (Year 1, Year 2 and Year 3+) were selected and felled using a handsaw. The 

diameters, heights and thicknesses of the felled culms were measured for a total of six culms per 

clump and 12 culms per site. The following parameters were taken for carbon estimation of the 

bamboo: 

 Girth of the bamboo clump 

 Distance between the clumps 

 Number of culms per age class (1 year, 2 years and 3+ years) 

 Height of the culms 

 Diameter of the culms 

 Thickness of the culms 

 Total area of the bamboo site 

3.3.3 Tools and equipment 

 

 Diameter tape for diameter measurement 

 Veneer calliper for culm thickness 

 Linear tape for distance, bamboo girth measurement and height of culm 

 Handheld GPS for taking coordinates of bamboo plots and calculating area  

 Hand saw for cutting down the bamboo culm for height measurement 



 
 
INBAR Working Paper  
 

 
25 

 
 

 

 

3.3.4 Data analysis 

 

Field data were entered in Microsoft Excel and analysed using formulas developed by INBAR in 

2019. Mean values were generated from plot-level values per site or ecological zone. Differences 

in means were tested at 5% probability level using ANOVA. Correlation analyses were carried out 

to determine the relationship among the structural characteristics of bamboo stands. Results are 

presented in tables and charts. 

Estimating culms for diameter classes, age classes and total culms per hectare 

The average of bamboo culms per diameter class (D), age classes (A) and total average bamboo 

culms per ha was estimated. The formulas used to estimate the number of bamboo culms 

distributed in D or A class I per ha and total were as follows: 

 

 

where Nculm is the number of bamboo culms distributed in D or A class I per ha; Niculm is the 

number of bamboo culms distributed in D or A class I in all plots; n is the number of sample plots; 

AP is the area of the plot in m2; and Nculmha-1 is the averaged total bamboo culms per ha. This 

analysis provides information on bamboo stock, consisting of D and A distributions and total 

bamboo culms, averaged per ha for each forest stratum. 

Estimating clump per hectare measurements with a clump-based sampling 

 

where Nclumpha-1 is the number of bamboo clump per ha, Li is the distances of the six nearest 

clumps in m (i = 1–5), and n is the number of sample plots/points. 
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Allometric equation 
 
An allometric model developed by Amoah et al. (2020) was used to determine the aboveground 

biomass of bamboo. The equation was developed with data from Bobiri Forest Reserve located 

in the MSD ecological zone.   

𝑌 = 0.367 𝑥 𝐷𝐵𝐻2.314 

where Y is aboveground bamboo culm biomass and DBH is culm diameter at breast height. 

 

Estimation of bamboo biomass per hectare 

Above Ground Biomass (AGB) bamboo ha-1 based on the bamboo culm algometric equations and 

the averaged culm of clump sampling was estimated with the following equation: 
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4. Results and discussion 

4.1 Results on extent and distribution  

Bamboo extent according to land use 

Bamboo covers less than 1% of the study regions, as shown in Table 4 and presented in Figure 

5, and most of the bamboo identified and mapped were natural stands, with few of them being 

plantation.  

 

Table 4. Land use of the study regions 

Land use Area (ha) Percent Cover 

Close Forest 960,150.92 12.42 

Open Forest 1,416,784.28 18.32 

Water body 253,481.53 3.28 

Other Vegetation 4,637,021.32 59.97 

Settlement/Bare Surface 421,673.55 5.45 

Bamboo 42,889.63 0.55 

Total 7,732,001.23 100 

Source: RMSC-FC, 2020 
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 Figure 5. 2019 land use map of the study regions 

 

The natural stands of bamboo occurred in both forest reserves and off-reserve areas, with 94.5% 

occurring in off-reserve areas. These stands existed in three forms: linear, small patches of 

vegetation and those mixed with other vegetation types. The linear bamboos were found along 

rivers and streams, showing as riverine vegetation (Figure 6).  
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Figure 6. Linear bamboo on LCLU map shown on Google Earth at Pataase in the Central region    
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The patchy ones were found in waterlogged areas, such as marshes (Figure 7). The last form, 

isolated bamboo clumps mixed with other vegetation types, such as oil palm, rubber plantation 

and shrubs, did not show as continuous bamboo stands as found in the first two sets.  

 

 

Figure 7. Patch bamboo stand on LCLU map and shown on Google Earth at Boankra in the 
Ashanti region 
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The close, dense and continuous canopy structure of the natural bamboo stands made them 

easily identifiable and mappable compared with the plantation stands. The bamboo plantation 

stands identified were young with very little or no canopy structure. Because of this, they did not 

exhibit the bamboo reflectance and structural characteristics that were observed in the Sentinel 

2 and Google Earth application images. The reflectance of the bamboo plantation stands was 

similar to that of other vegetation types, such as grass. This made it difficult to map them using 

the classification algorithm and the Sentinel 2 images, which rely heavily on the spectral 

(reflectance) characteristics to distinguish them. To map the plantation stands, ground data were 

heavily relied upon in addition to information from the Forest District Offices of the Forest Services 

Division (FSD).  
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Figure 8. Bamboo plantation in Bandai North Forest Reserve on LCLU map and shown on Google Earth 

in Juaso in the Ashanti region 
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Bamboo extent according to eco-zones  

The moist semi-deciduous (south-east subtype) (MSDSE) and upland eco-zones recorded the 

highest (14,802.16 ha) and lowest (206.84 ha) bamboo abundance, respectively, as shown in 

Table 5. A total of 34,096.88 ha, representing 80% of the total bamboos, were found in the moist 

ecological zones, with the remaining bamboo found in the dry ecological zones. 

 

Table 5. Bamboo extent according to eco-zones 

Eco-zone Bamboo (ha) 

Wet evergreen 3,142.87 

Moist semi-deciduous (north-west subtype) 5,463.77 

Moist semi-deciduous (south-east subtype) 14,802.16 

Dry semi-deciduous (fire zone) 312.36 

Dry semi-deciduous (inner zone) 6,148.83 

Moist evergreen 10,481.24 

Upland 206.84 

Southern marginal 1,769.74 

Savannah 561.81 

Total 42,889.63 

Source: RMSC-FC, 2020 

The MSDSE and ME ecological zones together contributed about 59% of the total bamboo within 

the study area. This is because the two ecological zones cover a greater portion of the landscape 

where bamboo is dominant. The MSDSE eco-zone, for instance, covered a greater portion of 

bamboo-dominant areas in the Ashanti and Eastern regions, while the ME eco-zone covered most 

of the bamboo dominant areas in the Central, Western and Western North regions. Apart from 

these two moist ecological zones, the DSD (IZ) eco-zone had more bamboo cover than the 

remaining moist ecological zones. Most of the bamboo in the DSD (IZ) eco-zone was from the 

Central region where this ecological zone covers a greater portion of the bamboo dominant areas 

in the region. It also covered a small portion of the bamboo dominant areas in the Eastern and 
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Western regions. This contributed to its high bamboo coverage. The savannah within the study 

area falls within the transitional zone. This zone has characteristics of both the savannah and 

high forest zone.  

Distribution 

 

Tables 6 and 7 present the regional and district distribution of bamboo. 

Table 6. Regional distribution of bamboo  

Regions Area (ha) 

Ashanti          10,325.51  

Central             9,518.23  

Eastern             8,991.80  

Western             9,397.49  

Western North             4,656.60  

Total 42,889.63 

Source: RMSC-FC, 2020 
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Table 7. Bamboo distribution in forest districts in the study regions  

Range (ha) Forest Districts Area (ha) Percentage (%) 

˃ 4000 Tarkwa 4,002.57 9.33 

3001 - 4000 Bekwai, Takoradi, Winneba, 
Cape Coast and Kade 

17,607.68 41.05 

2001 - 3000 Mankranso, Sefwi Wiawso, 
Assin Fosu, Oda and Begoro 

11,818.92 27.56 

1000 - 2000 Nkawie, Juaso, Asankragwa, 
Enchi and Juabeso 

6715.64 15.66 

<1000 Mampong, Offinso, New 
Edubiase, Kumawu, Bibiani 
and Dunkwa 

2,744.82 6.40 

Total   42,889.63 100.00 

Source: RMSC-FC, 2020 

 

The results indicate a wider distribution of bamboo in the five regions. Apart from the Western 

North region, which had the lowest distribution of bamboo, the variation of bamboo distribution 

among regions was not as severe as among districts. The Ashanti region had the highest 

percentage of the total area of bamboo coverage at 24.07%, followed by the Central region 

(22.19%), the Western region (21.91%), and lastly, the Eastern region (20.96%). 

Bamboo distribution in the Central and Western regions was concentrated in the southern parts 

of these regions. In the Central region, bamboo was very dominant in the communities of Jukwa, 

Jukwa Bremang, Dwabor, Akroful, Ayeldu, Ajumako, Abora Dunkwa, Achiasi and Batanyaa. In 

the Western region, bamboo distribution was dominant in the Mpataba, Azuleti, Samenye, Nyaaso, 

Bramiankor, Avrebo, Nkroful, Alabanketa, Mpohor, Tarkwa, Tanda, NyameYawkrom and 

Enyinamu communities.  

In the Eastern and Ashanti regions, the bamboo distribution was skewed towards the MSD (north-

west and south-east) ecological zones, which coincide with the high forest zone of Ghana. Very 

little of the bamboo was found in the dry and savannah ecological zones. In the Eastern region, 

bamboo dominance was found in the communities of Abomoso, Sankubenase, Tweapease, 

Akyem Swedru, Akyem Abodom, Akyem Asene, Akyem Manso, Kade, Anyinam, Enyiresi, 

Abakoase, Dompim and Adwobue. In the Ashanti region, bamboo distribution was dominant in 
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Boankra, Anweaso, Bekwai, Mfensi, Nobewam, Tokwai-Kokoben, Konongo Domase, Juaso and 

Banda North Forest Reserve (Plantation).  

Bamboo was evenly distributed across the Western North region. However, there were 

communities where bamboo dominance was very obvious. These communities include Amoyaw, 

Patakro, Juabeso, Sui (Agya Nkrumah), Sefwi Tanoso and Kwawkrom. 

To further consider the distribution of bamboo in the study regions, bamboo maps showing 

distribution within specific forest districts and its political administrations are attached as 

Appendices 3–17. Figure 9 shows one such map for the Tarkwa Forest District and Figure 10 

shows the bamboo distribution map in ecological zones. 

 

Figure 9. Bamboo distribution map in Tarkwa Forest District 
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Figure 10. Bamboo distribution map in ecological zones 
 

Distribution within protected areas 

The protected areas, which are made up of forest and game reserves and national parks, 

contribute 2,367.75 ha, representing 5.52% of the total bamboo area. Of this, 2,338.05 ha were 

found in the forest reserves while 17.78 ha were found in game reserves and national parks. This 

means that a greater portion of the bamboo is outside the protected areas. 

Accuracy assessment  

The user accuracy was obtained by dividing the number of correctly classified bamboo pixels by 

the total number of pixels that were classified (the row total) (88/111), whereas the producer 

accuracy was derived by dividing the number of correctly classified bamboo pixels by the number 

of test set pixels used (the column total), (88/88), as shown in Table 8. 
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Table 8. Accuracy assessment  
 

Class Name Close 

Forest 

Open 

Forest 

Other 

Vegetation 

Settlement / 

Bare Surface 

Bamboo Row 

Total 

Bamboo 3 9 8 3 88 111 

Column Total 3 9 8 3 88 111 

Source: RMSC-FC, 2020 

The overall accuracy was 79.28%, with a producer accuracy of 100% and user accuracy of 

79.28%. The overall accuracy figure indicates a very good classification output. The producer 

accuracy indicates that 100% of bamboo stands have been correctly identified and mapped, while 

the user accuracy indicates that out of the 100% of the bamboo stands mapped, only 79.28% of 

the bamboo identified are truly bamboo. From the accuracy assessment, most of the confusion 

was from the open forest and other vegetation. This was caused by the dense, close canopy 

structure of some of the natural bamboo stands that make them appear as forest. Also, young oil 

palm and rubber plantation exhibited similar reflectance to that of bamboo, especially in areas 

where they are mixed. This means that the bamboo areas that were misclassified were mostly 

from these two classes.  

4.2 Discussion on extent and distribution of bamboo 

The results of the nature of the bamboo indicate that the majority of the bamboo identified and 

mapped were natural stands with very little plantation. The natural stands exist in small patches 

and some appear as riverine vegetation, as indicated in the general observation in the results 

section. They are unable to grow and dominate areas where they are prevalent. This, coupled 

with very little effort in bamboo plantation, has contributed to the small amount of bamboo (0.55%) 

in the landscape. To boost bamboo stands in Ghana, there must be conscious effort through the 

establishment of bamboo plantation. The greater portion of the bamboo stands (94%) lie outside 

the protected areas where there is less protection and proper management of this resource. This 

is because most of these lands are privately owned or managed by stool lands. This makes the 

resource susceptible to overexploitation leading to further reduction if measures are not put in 

place to check its exploitation.  
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The regional distribution of bamboo showed wider and almost even distribution, especially within 

the Ashanti, Eastern, Central and Western regions. This development indicates that the climatic 

conditions and soil properties within these regions favour the growth and establishment of 

bamboo plantation. This also means that the socio-economic and cultural dynamics that may lead 

to the overexploitation of this resource do not vary much among the five (5) regions.  

Relating the distribution of bamboo across the political regions to the ecological zone distribution 

shows a pattern of a higher abundance of bamboo in moist environments than in dry environments. 

Bamboo distribution was higher in the moist ecological zones (MSD, WE and ME) than the dry 

ones (DSD (IZ), SM and savannah). This means that any initiative towards increasing bamboo 

stands within the regions should be focused on these two ecological zones. This trend was 

observed in all regions except the Central region, where a greater portion of the bamboo was 

found in the dry environment. About 70% of the bamboo stands in this region are found in the 

DSD(IZ), SM and savannah ecological zones.  

Bamboo stands in the Central and Western regions show a trend of higher concentration towards 

the southern parts of these regions. Though a similar trend of bamboo distribution was observed 

in both regions, the higher concentration of bamboo stands in the DSD, SM and savannah 

ecological zones in the Central region is because the southern part of the region is made up of 

these ecological zones. This was not the case in the Western region, where a greater portion of 

the southern part of the region is made up of the ME and WE ecological zones, with the DSD (IZ) 

zone forming a smaller portion.  

The DSD (IZ) eco-zone, which runs from the Ashanti through to the Eastern, Central and Western 

regions, showed peculiar bamboo distribution across these regions. This ecological zone seems 

to favour bamboo growth towards the southern part of the country. Within this ecological zone, 

there were very few bamboo stands in the Ashanti and Eastern Regions, but a significant amount 

of the stands were found in the southern parts of the Central and Western regions. This means 

that geographic location affects bamboo distribution. 
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4.3 General stand structural characteristics 

The prevalent bamboo species identified in the study area is Bambusa vulgaris. The overall 

bamboo stand characteristics are summarised in Table 9. Generally, there was little variability in 

stand characteristics among the bamboo stands. The overall mean culm diameter was found to 

be 7.7 ± 0.1 cm dbh, with an average culm height of 17.4 ± 0.2 m. Mean culm thickness 

(13.2 ± 1.5 mm), the number of culms per hectare (9196.4 ± 383.8) and clumps per hectare 

(121.2 ± 14.6) varied substantially among the bamboo stands. Stand basal area per hectare 

(44.5 ± 2.1) also varied among the bamboo stands. The average number of culms per clump was 

84.6 ± 2.1. 

Table 9. General stand characteristics 

Parameter  Estimated mean value (+SE) 

Ave. diameter (cm) 7.7 ± 0.1 

Ave. height (m) 17.4 ± 0.2 

Ave. thickness (mm) 13.2 ± 1.5 

Ave. length (m) 9.6 ± 0.2 

Ave. clump girth (m) 16.2 ± 0.3 

Ave basal area (m2ha-1) 44.5 ± 2.1 

Ave. Nculm / clump 84.6 ± 2.1 

Ave. Nculm.ha-1 9196.4 ± 383.8 

Ave. Nclump.ha-1 121.2 ± 14.6 

Ave. AGC 169.56 ± 5.7 

SE = Standard Error 

 

Culm ages across ecozones  

The number of culms per clump was higher within the WE ecological zone (97.2 culms) relative 

to the other eco-zones assessed (Table 10). Mature culms per clump (Year 3+) were predominant 

across all eco-zones, representing over 44% of the total standing culms. Young culms (Year 1) 

were least represented in the various bamboo stands (27%). Culm stems per hectare followed a 

similar pattern, with matured stems dominating the stands within the various eco-zones. The 

young culms develop on the outer zone of the clump and are therefore more vulnerable to 

anthropogenic disturbances compared to the mature ones located within the inner circle.  
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Table 10. Number of culms per clump and culms per hectare for age groups across ecological zones 

Eco-zone Age (years) 

Nculm/clump Nculm/ha 

 1 2 3+ 1 2 3+ 

Dry semi-deciduous (inner 
zone) 

17.6 16.7 23.7 2619.1 2415.5 3557.1 

Moist evergreen 23.4 25.8 42.5 3127.8 3240.9 4736.8 

Moist semi-deciduous (north-
west) 

22.8 31.0 30.3 2524.9 3408.1 3704.9 

Wet evergreen 26.5 20.0 50.7 2776.9 2064.2 4862.8 

Overall mean 22.6 27.7 34.4 2758.6 3233.9 4091.2 

 

Structural and ecological variations of bamboo 

This section provides information on bamboo stands at the eco-zone, regional and district levels. 

Bamboo stands exhibited variation in structural characteristics across the various ecological 

zones examined in this study (Tables 11 and 12). Mean culm diameter, culm height, clump girth 

and stand basal area varied significantly among eco-zones, while mean culm thickness, culms 

per hectare, clumps per hectare and clump-clump distance did not show significant variation. 

Table 11. Bamboo stand structural characteristics across ecological zones 

Parameters Ecozone  

DSD (IZ) ME MSNW WE Overall P-
value 

Ave. D (cm) 6.90±0.2 7.9±0.1 7.7±0.1 7.9±0.1 7.7±0.1 0.002 

Ave. H (m) 14.76±0.6 17.9±0.4 17.6±0.3 18.4±0.2 17.4±0.2 0.000 

Ave. T (mm) 9.2±1.4 11.9±4.2 15.0±0.5 5.8±0.2 13.2±1.5 0.540 

Ave. L (m) 8.2±0.2 9.4±0.3 9.9±0.2 9.7±1.1 9.6±0.2 0.065 

Ave. Clump Girth 
(m) 

12.14±1.05 15.3±0.6 17.6±0.4 12.25±1.7 16.2±0.3 0.000 

Ave BA (m2ha-1) 30.86±3.68 49.3±3.35 43.35±3.12 46.9±6.12 44.5±2.1 0.010 

Ave. 
Nculm/clump 

57.9±4.8 91.2±3.6 84.1±2.8 97.2±17.5 84.6±2.1 0.006 

Ave. Nculm.ha-1 8139.5±905.4 9982.5±709.6 8774.8±519.5 9703.9±8 9196.4±383.8 0.106 

Ave. NClump.ha-

1 

147.71±31.6 126.6±30.2 113.1±17.6 127.0±74.4 121.2±14.6 0.350 

*Moist evergreen (ME), moist semi-deciduous north-west (MSNW), wet evergreen (WE); diameter (D), 

height (H), thickness (T), clump-clump distance (L), Basal Area (BA
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Table 12. Bamboo stand structural characteristics across study regions and forest districts  

Region District Estimated 
area 

Ave. D 
(cm) 

Ave. H 
(m) 

Ave. T 
(mm) 

Ave. L 
(m) 

Ave. Clump 
girth (m) 

Ave.BAha-

1 
Nculm.ha-1 Clumpha-

1 

ASHANTI Bekwai 11.92 8.1 18.6 18.0 10.6 20.2 51.71 10109.4 108.9 

  Juaso 5.39 8.1 18.4 19.5 9.3 17.6 48.56 9374.6 131.7 

  Mankranso 8.09 7.6 16.3 17.7 9.0 15.7 37.24 7872.2 127.9 

  New 
Edubiase 

18.88 7.3 16.8 18.4 11.1 18.5 37.65 8754.7 101.2 

  Nkawie 6.70 7.5 15.2 15.8 11.2 17.1 32.80 7416.4 113.7 

Overall 
mean 

   7.7 17.1 17.9 10.3 17.8 41.59 8705.4 116.7 

CENTRAL Assin Fosu 14.18 7.4 18.6 5.3 9.3 16.8 58.55 13219.1 119.1 

  Cape Coast 181.46 7.8 18.0 6.3 9.9 13.7 43.60 9265.8 129.0 

  Dunkwa Offin 12.10 7.9 19.9 5.7 9.8 14.3 62.77 12731.6 105.2 

Overall 
mean 

   7.7 18.9 5.8 9.7 15.0 55.23 11795.0 117.5 

EASTERN Begoro 14.19 7.8 20.6 19.8 12.1 23.8 25.12 5184.1 77.6 

  Kade 12.42 7.2 16.8 18.2 9.0 13.7 34.77 8301.9 153.2 

  Oda 6.00 8.1 18.8 19.4 8.9 18.8 50.16 8944.0 135.5 

Overall 
mean 

   7.7 18.7 19.1 10.0 18.8 36.68 7476.7 122.1 

WESTERN Asankragua 3.25 7.7 17.3 6.0 9.2 13.7 52.88 10121.8 151.3 

  Enchi 1.98 7.0 16.8 6.0 8.9 13.1 54.89 14276.2 152.3 

  Sefwi Wiawso 5.43 7.2 15.8 6.2 8.9 15.1 56.59 13926.5 135.6 

  Takoradi 14.67 6.8 13.0 6.1 7.0 10.1 50.41 13266.7 270.7 

  Tarkwa 34.42 8.9 19.3 5.5 10.1 14.1 48.79 8163.9 104.8 

Overall 
mean 

   7.6 16.5 5.9 8.8 13.2 52.64 11898.7 161.1 

Total   351.07 7.7 17.6 13.7 9.6 16.0 46.68 10083.7 262.6 

*Culm diameter (D), culm height (H), culm thickness (T), clump-clump distance (L), culm basal area (BA) 
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Mean culm diameter and height 

Mean culm diameter was greatest for stands found within the WE and ME eco-zones (7.9 ± 0.1 

cm) and least in the DSD (IZ) eco-zone (6.90 ± 0.2 cm). Mean diameter across the four regions 

showed little variation, although the Western region recorded the least diameter (7.6 cm). 

However, mean culm diameter varied considerably among the forest districts, with Tarkwa 

recording the highest value (8.9 cm) and Takoradi the lowest (6.8 cm). Mean culm height across 

all eco-zones was 17.4 ± 0.2 m, but there were differences among eco-zones, with values in the 

DSD (IZ) being significantly lower than in the other eco-zones. The WE recorded the highest 

mean height of 18.4 ± 0.2m. Culm stems were generally taller in the Central region (18.9 m) and 

shorter within the Western region (16.5 m). Among the forest districts, stems were tallest in the 

Begoro district (20.6 m) and shortest within the Takoradi (13 m). Tables 4.8 and 4.9 summarise 

information on mean diameter and height. 

Culm thickness  

Culm stem thickness was generally 13.2 ± 1.5 mm across all the eco-zones. Stem thickness 

showed great variation (5.3 ± 0.2–15.0 ± 0.5 mm) among the eco-zones, with the MSNW 

recording the highest value and the WE the least mean value. The Central and Western regions 

exhibited thinner culm stems (5.8–5.9 mm) compared to the Ashanti and Eastern regions (17.9–

19.1 mm). Culm thickness was generally highest in the Bekwai district (43.9 mm) and lowest 

within Assin Fosu (5.3 mm). The aggregated mean value across the eco-zones was 9.6 ± 0.2 m.  

Clump-clump distance 

Clumps in the bamboo stands were closer together in the DSD (8.2 ± 0.2 m) but dispersed in the 

MNSW (9.9 ± 0.2 m). Stands in the Western region were characterised by shorter distances (8.8 

m) compared to those in the Ashanti region (10.3 m). Bamboo stands in Begoro and Takoradi 

had the highest (12.1 m) and lowest (7 m) values in the various forest districts, respectively. 

Number of culms per clump 

The number of culms per clump for each eco-zone, region and district are summarised in Tables 

4.6 and 4.7. The aggregated mean culms per clump for all the eco-zones was 84.6 ± 2.1. The WE 

had the highest number of culms per clump (97.2 ± 17.5) while estimates for the DSD (IZ) were 

lowest (57.9 ± 4.8). Similarly, the mean culms per clump across the four regions was 84.7. Among 
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the various regions, stands in the Central region tend to have more culms per clump, while stands 

in the Eastern region have fewer (71.9). Among the districts, Dunkwa Offin recorded the most 

culms per clump on average (120.1) compared with the other districts. Fewer culms were 

estimated for the Takoradi district (49.3) vis-a-vis the others. 

Culm density and clump density 

The stand density was highest in the ME (9982.5 ± 709.6 culmsha-1) and the lowest in the DSD 

(IZ) (8139.5 ± 905.4 culmsha-1). Culm density was found to be very high in the Western region 

(11898.7 culmsha-1) and lower in the Eastern region (7476.7 culmsha-1).  At the district level, stand 

density was highest within the Enchi district (14276.2 culmsha-1) and lowest in the Begoro district 

(5184.1 culmsha-1). Average clump density was greater in the SM (160.2 ± 0.01 clumpsha-1) but 

lesser in the MSNW (113.1 ± 17.6 clumpsha-1). The aggregated mean clump density was 

121.2 ± 14.6 clumpsha-1 across all the eco-zones. While clump density was high in the Western 

region (161.1 clumpsha-1), it was comparably low in the Ashanti region (116.7 clumpsha-1). The 

mean clump density for all four regions was 131.9 clumps ha-1. Clumps were denser within the 

Takoradi district (270.7 clumps ha-1) as opposed to the Begoro district, where they occurred in 

low densities (77.6 clumps ha-1). 

Total number of culms  

The total number of culms is analysed at the regional level. A total of 432,486,162.03 culms are 

estimated for the four regions surveyed (Table 13). The Western region recorded the highest 

number of culms (167,225,400.68). The Eastern region recorded the lowest number of culms 

(67,228,991.06).  

Table 13. Total number of culms per region 

Region Area (ha) Mean culm/ha Total 

Ashanti 10,325.51 8,705.4  89,887,694.75  

Central 9,518.23 11,795.0  112,267,522.85  

Eastern 8,991.80 7,476.7  67,228,991.06  

Western / Western North 14,054.09 11,898.7  167,225,400.68  

Total 42,889.63 10,083.7  432,486,162.03  

Source: RMSC-FC, 2020 
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Diameter class distribution  

Generally, bamboo culms within the 0–3 cm diameter class were not recorded during the survey. 

The bamboo stands were dominated by culms in the 6.1–9 cm diameter class (Figure 11; Table 

14). Analysis of the number of culms across the various ecological zones indicated that culms in 

the diameter size class 6.1–9 cm were widely distributed. Large-diameter-size-class culms (9.1–

12 cm were only recorded in the ME and MSDNW eco-zones. Culms in the 3.1–6 cm and 9.1–12 

cm diameter classes were not recorded in the SM and WE eco-zones. Age class distribution 

indicates an abundance of mature culm (Year 3+) compared to less mature ones. 

Table 14. Diameter size class distribution of number of culms per hectare by ecological zone 

Eco-zone 0–3 
cm 

3.1–6 
cm 

6.1–9 
cm 

9.1–12 
cm 

Total 

Dry semi-deciduous (inner zone)   2059.0 3069.8   5128.8 

Moist evergreen   5540.1 3987.6 2624.3 12152.0 

Moist semi-deciduous (north-west 
subtype) 

  2231.2 3292.5 2995.3 8519.1 

Southern marginal     3658.6   3658.6 

Wet evergreen     3234.6   3234.6 

 

 

 

 

 

 

 

 

 

 

    
 

  Figure 11. Diameter distribution of culms per hectare 
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Figure 12. Age class distribution 

4.4 Estimation of bamboo biomass and carbon in eco-zones 

Biomass and carbon stock estimates were generated using the local allometric equation. A carbon 

fraction of 0.47 and CO2 equivalent (carbon × 3.67) was used (IPCC, 2006). The average 

aboveground carbon stock across all five ecological zones indicated that bamboo biomass and 

carbon estimates per hectare were highest for bamboo stands in the MSDNW eco-zone (186.07 

tha-1). Mean aboveground carbon stock per hectare was least for the WE ecological zone (73.38 

tha-1). Carbon storage varied significantly among bamboo stands in the different ecological zones 

(F = 3.895, df = 3, p = 0.010). A total carbon stock of 214,612.89 tC (787,629.3 tCO2-e) is 

estimated for the survey area (Table 10).  

4.5 Comparison of bamboo stand characteristics 

A negative correlation was found between the number of culms per clump and the level of 

disturbance of the bamboo stand (Figure 13). A similar observation was also made for clump girth 

and level of disturbance, but in this case, the relationship was very weak (Figure 14). This 

indicates that the harvesting and clearing of the bamboo stand for farming affects stand density 

to some extent. A positive association was found between the number of culms per clump and 

clump girth. Distance between clumps was negatively correlated with the quantity of carbon 

storage per hectare. Carbon stock was, however, positively correlated with culm diameter, the 

number of culms per hectare and basal area estimates per hectare. Given the clump-based 
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method used for the field assessment, it was found that the distance between clumps influenced 

the estimated carbon storage per hectare. Generally, the bamboo stands’ carbon stock is strongly 

related to culm density. 
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Figure 14. Correlation analysis of the level 
of disturbance and number of culms per 
clump 

Figure 13. Correlation analysis of the level of 
disturbance and clump girth 

Figure 15. Figure relationship between number 

of culms per hectare 
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Figure 19. Relationship between culm diameter and carbon stock 
 

4.6 Discussion on bamboos stand density and structure 

Bamboo stands occur at varying densities and exhibit structural characteristics that show 

differences across the various ecological zones and regions analysed. The mean culm density of 

8139.5 ± 905.4 culmsha−1–9982.5 ± 709.6 culmsha−1 estimated in this study is higher than those 
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reported for B. vulgaris, O. abyssinica and B. vulgaris var. vittata of 7171 culmsha−1, 6267 

culmsha−1 and 3325 culmsha−1, respectively, in another study conducted in Bobiri Forest Reserve, 

located in Ghana (Amoah et al., 2020). Another study conducted in Ghana also showed a lower 

mean value of 4287 ± 2014 SD culmsha−1 in the Mpohor Wassa East district (FoRIG, 2010). Other 

studies elsewhere found a much lower culm density of 2933.33 culmsha−1 for B. vulgaris in 

Bangladesh (Sohel et al., 2015b). A higher value of 12650 culmsha-1 was estimated for Yushania 

alpina bamboo stands in Kenya (Muchiri and Muga, 2013). 

Most of these studies focus on specific sites and therefore do not account for the large variation 

that exists among stands as one transitions from the local to the regional level. Other studies also 

suggest that stand density is influenced by culm diameter, species and silvicultural practice 

differences among countries (Yen, 2015; Liu et al., 2016). Evidence from other studies suggests 

that the harvesting of bamboo stands, especially mature culms, is necessary for an increase in 

shoot production (Singnar et al., 2017; Inoue et al., 2018). Other studies have also reported that 

harvesting mature culms could promote the production of young culms (Muchiri and Muga, 2013; 

Wang and Chen, 2015). Most bamboo stands in Ghana are not managed, and the effect of not 

cutting mature culms or managing stands has resulted in a lack of vigorous shoot-sprouting.  

Several studies have emphasised that to maintain the vigour of bamboo forests, one fifth of older 

culms from the entire stand should be removed through annual selective cutting to improve 

sprouting (Wang and Chen, 2015; Yen, 2016). The INBAR technical manual for sustainable 

management of clumping bamboo forest indicates that an equal number of bamboo poles/culms 

of different age classes can be retained for optimal growth, as the number of bamboo poles 

harvested and shoot recruited for growth into a bamboo culm could be balanced. The composition 

of the Current Year 1 (0–1 years), Year 2 (1–2 years) and Year 3 (2–3 years) shoots can be 

maintained in a proportion of 1:1:1 (Durai and Long, 2020). 

Commercial exploitation of bamboo is very restricted and not approved on a national scale. 

Harvesting is mostly done on a subsistence level, and bamboo is mainly used as scaffolding poles 

during construction. Therefore, a substantial portion of bamboo stands remain unmanaged. 

Though harvesting and clearing of bamboo stands reduces clump and culm density, the high 

densities of culms recorded in this study suggest that the impact of disturbance on bamboo stands 

in the four regions surveyed remains minimal.  
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4.7 Carbon storage potential of bamboo stands 

The mean aboveground carbon (AGC) stock of 22.81 ± 3.58–34.44 ± 3 tCha-1 for bamboo stands 

found in the different ecological zones for this study was comparable with estimates reported by 

a similar study in Ghana of 50.76 t ha−1, 1.98 tCha−1 and 33.87 tCha−1 for B. vulgaris, O. 

abbyssinica and B. vulgaris var. vittata, respectively (Amoah et al., 2020). However, it is also 

lower than that reported by other studies conducted in various countries: 50.44 tCha−1 for B. 

vulgaris produced in a degraded tropical forest in Bangladesh (Sohel et al., 2015b); 61.3 tCha−1 

for moso bamboo in an intensively managed forest (Mishra et al., 2014); 40.45 Mg ha−1 for 

Phyllostachys pubescens Mazel ex Houx in the forests of China (Zhang et al., 2014); 78.6 tCha−1 

for Phyllostachys pubescens from Japan (Isagi et al.,1997 in Sohel et al., 2015b); 121 tCha−1 for 

Bambusa bambus in India (Kumar et al., 2005); and 100 tCha−1estimated for Guadua angustifolia 

from tropical forests in Bolivia (Quiroga et al., 2013). The AGC of bamboo stands was found in 

this study to be strongly correlated with culm density, and therefore, the variation in carbon stock 

among the various sites could be due to differences in culm density. Also, variation in 

methodologies and allometric models used in different studies could influence carbon estimation. 

While most of the studies reported in the literature used standard plot sizes, the clump-based 

method used in this study uses varying plot sizes due to the variation in distance between bamboo 

clumps among stands. The varying plot sizes associated with the clump-based method could 

exert an exponential effect on the carbon stock per unit area measurements.  

Several studies have shown that the carbon sequestration potential of bamboo forests compares 

favourably with other forest ecosystems (Mishra et al., 2014; Amoah et al., 2020). Other studies 

also found that bamboo can accumulate high biomass during the growth period and has a high 

potential for sequestering large quantities of carbon as compared with many wood species per 

unit area (Majundar et al., 2016; Yen, 2016). A study conducted in an upland evergreen forest 

(Tano Offin Forest Reserve and Atewa Range Forest Reserve) and a WE forest (Cape Three 

Points Forest Reserve) in Ghana showed that the mean AGCs were 117.8 tCha-1, 136.079 tCha-

1 and 211.2 tCha-1, respectively (Schep et al., 2016; Ayesu, 2018). A similar study by Asante and 

Jengre (2012) reported a mean AGC in peat swamp forest areas in Ghana of 114.29 tCha-1. This 

suggests that bamboo stands have comparable carbon storage potential per unit area to woody 

tropical forest. Considering the short growth cycle of bamboo culms, the bamboo forest may be 

superior to tropical tree forests concerning carbon sequestration potential, as tropical trees 
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typically take several years to reach maturity. Moreover, the possibilities of annual harvesting and 

conversion into durable products coupled with the annual growth of new shoots/culms adds to the 

carbon stock. 

4.8 Implication for REDD+ implementation and poverty reduction in Ghana 

In the last decades, tropical forests, which account for about 42% of global forestlands, have 

suffered massive deforestation and forest degradation (Gorte and Sheikh, 2010). The current 

level of forest loss in tropical regions and the large areas of degraded lands now underscore the 

urgent need for interventions to restore biodiversity, ecological function and the provision of 

ecosystem services. Traditional timber plantations have supplied some goods but have made 

only minor contributions to fulfilling most of these other objectives. New approaches for 

reforestation are now emerging, with potential for both overcoming forest degradation and 

addressing rural poverty. 

There is increasing interest in the cultivation of bamboo as a way of restoring degraded forest 

lands for biomass production and carbon sequestration due to its fast growth (Darabant et al., 

2014; Krishna et al., 2015; Forestry Commission, 2016) and its ability to adapt to low-quality and 

degraded lands (FAO and INBAR, 2018; Mishra et al., 2014). Bamboo is recognised as a potential 

carbon sink (Lobovikov et al, 2009; Nath et al., 2015) in view of its fast growth and short rotation 

cycle. Bamboo forests have been reported to have a higher carbon density per hectare than 

woody plant forests (Mishra et al., 2014; Krishna et al., 2015; Yang et al., 2015). Due to its fast 

growth and high regeneration rate after harvesting, bamboo forests can potentially sequester a 

substantial amount of carbon (Mishra et al., 2014; Van der Lugt et al, 2018). The rapid growth 

rate of bamboo coupled with the annual carbon sequestration of the bamboo forest is very high –

up to 25 tCha-1/year (Yen et al., 2017) – and its harvesting cycle of 1–3 years (compared to 10–

50 years for most timber species) adds to the advantage of bamboo (Singnar et al., 2017; Mishra 

et al., 2014). Bamboo is also known to provide several ecosystem and environmental services, 

including environmental amelioration, biodiversity preservation, soil conservation, water 

filtration/purification, carbon sequestration (Krishna et al., 2015; Van der Lugt et al., 2018) and 

rehabilitation of degraded lands (Mishra et al., 2014; INBAR, 2018a, 2018b). The use of bamboo 

in ecological restoration and plantation establishment programmes, especially on marginal lands, 

watersheds, riverbanks and degraded areas, could immensely contribute to achieving Ghana’s 
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emission reduction targets and provide jobs for forest-dependent communities. The need to use 

bamboo in forest restoration programmes is echoed in Ghana’s Forest Plantation Strategy: 2016–

2014 (Forestry Commission, 2016).  
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5. Conclusion 

The current study represents a major joint INBAR/Ghana Forestry Commission initiative to assess 

the status of bamboo resources in Ghana. It is a first attempt at generating a systematic report on 

the best available information on bamboo resources at a national level. The study has provided 

information on spatial distribution, structural characteristics, density bamboo resources and 

aboveground carbon stock. 

In terms of the bamboo forest mapping, Sentinel satellite imagery was classified to depict bamboo 

stands in the five (5) regions of Ghana. The image could identify bamboo areas in Ghana with 

79.28% accuracy when using remote sensing techniques. The under-listed summarises the 

findings: 

Spatial distribution and extent  

a. The Ashanti and Western regions had the highest bamboo distribution, while the Central 

and Eastern regions had a comparatively lower distribution.  

b. Bamboo is more abundant in moist ecological zones (MSD and ME) than in dry ones (DSD 

and savannah) 

c. There are estimated to be 42,889.63 ha of bamboo within the five regions based on the 

accuracy assessment of 79.28%.  

Structural characteristics 

a. The average culm diameter and height were relatively higher for bamboo stands found in 

the ME and WE forest types. 

b. On average, culm thickness was highest for those culms found in the MSD forest type and 

lowest for stands in the WE forest. 

c. The bamboo clumps in the WE eco-zone were widely dispersed compared to those in the 

other eco-zones. Clumps in the DSD eco-zone were closer to each other. 

d. Clump girth was greater for stands in the MSD forest type and lower for those in the DSD 

eco-zone. Mean basal area estimates were highest for stands in the ME zone and lowest 

in the case of the DSD zone. 
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e. The number of culms per clump was found to be greater in the WE zone and lesser in the 

DSD zone. Also, mean culms per hectare were highest for stands in the ME zone and 

lowest in the DSD zone. 

f. A total of 570,305,736.80 culms were estimated for the four regions surveyed. The 

Western region recorded the highest number (241,152,856.69) while the Eastern region 

recorded the lowest (47,712,710.58). 

Aboveground carbon stock 

a. Mean aboveground carbon stock estimates per hectare were highest for bamboo stands 

found in the MSDNW eco-zone and lower for those in the WE zone. 

b. There were significant differences in carbon storage among bamboo stands found in the 

various ecological zones. 

c. Total carbon for the four regions is estimated at 9,589,837.14 tC (35,163,867.31 tCO2-e). 

Among the four regions, the Ashanti region had the highest total carbon stock of 

3,979,277.62 tC (14,590,836.21 tCO2-e) while the lowest value was recorded for bamboo 

stands in the Eastern region (969,097.63 tC (3,553,230.34 tCO2-e)).  

d. Bamboo stands’ carbon stock is strongly related to culm density. 

5.1 Recommendations 

1. There should be an upscaling of bamboo inventory to cover other areas not captured in this 

study, especially other ecological zones and administrative regions in the country. The 

current study covered only four regions that are not representative of the bamboo resources 

in Ghana. For national planning and sustainable management of bamboo resources, there is 

a need to extend the information gathering to the unassessed regions, especially the 

transition and savannah zones. 

2. Allometric equation-based representative data from the various ecological zones should be 

developed for the different species of bamboo found in Ghana to improve the precision of 

biomass estimation.  
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3. Given that bamboo stands are presently not formally managed, especially off-reserve 

resources, there is a need to put in place systems and strategies for the sustainable utilization 

of bamboo resources in Ghana.  

4. In the context of REDD+ implementation in Ghana, restoration of degraded areas, especially 

off-reserve (riparian vegetation, bamboo agroforestry and other marginal lands), using 

bamboo could contribute to climate change mitigation through carbon sequestration. The 

established bamboo forest could be leveraged for carbon trading.  

5. Given the short rotation cycle of bamboo species, the development of bamboo plantation 

should be integrated into the national forest development to facilitate the provision of raw 

material and job creation, especially for forest-fringe communities. 

6. The establishment of permanent sample plots to monitor growth and generation of the site-

specific index for various species and ecological zones could be useful for planning and 

sustainable management of bamboo resources in Ghana. 

7. A bamboo-specific site index will need to be developed to improve upon the prediction of 

bamboo areas in Ghana when using remote sensing. 

8. There is a need for further research into kinds of images that can spectrally characterise 

signatures for different leaf structures in the region. 
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7. Appendices 

Appendix 1: Bamboo Stock Assessment - Data Collection Sheet 

A. Bamboo Stand Information 

Region: District: Nearby Community: Coordinate:  Long:                            Lat: 

Site / Stand ID: Species of bamboo: 

Altitude (m): 

Estimated area (Ha): Average bamboo culm height (m): 

Distances between clumps (m):  

 L1: 
 L2: 
 L3: 
 L4: 
 L5: 

Recorded by:  

Date: 

Level of Disturbance(%): 
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B. Clump Measurement 

NB: D = Diameter, H = Height, T = Thickness, N = Number and A = Age 
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Appendix 2: Validation Data 

 

POINT ID LONG LAT VALIDATION STATUS 

1 -1.98971 6.61885 Correctly Classified   

2 -2.20801 6.51146 Correctly Classified   

3 -2.18494 6.50894 Correctly Classified   

4 -2.14192 6.50736 Correctly Classified   

5 -1.95442 6.61550 Correctly Classified   

6 -2.03014 6.57181 Correctly Classified   

7 -1.84257 6.63361 Correctly Classified   

8 -1.88497 6.90072 Correctly Classified   

9 -1.92947 6.97803 Correctly Classified   

10 -1.89494 6.83063 Correctly Classified   

11 -1.89543 6.82974 Correctly Classified   

12 -1.84850 6.88096 Correctly Classified   

13 -2.00010 7.01332 Correctly Classified   

14 -1.71956 7.04849 Correctly Classified   

15 -1.76230 6.12067   Wrongly Classified 

16 -1.83201 6.08793 Correctly Classified   

17 -1.86401 6.08988 Correctly Classified   

18 -1.86400 6.08950 Correctly Classified   

19 -1.57689 6.19500   Wrongly Classified 

20 -1.50828 6.27658 Correctly Classified   

21 -1.54725 6.33406 Correctly Classified   

22 -1.48088 6.21841 Correctly Classified   

23 -1.24669 5.99250 Correctly Classified   

24 -1.44333 5.93445   Wrongly Classified 

25 -1.28173 6.09767 Correctly Classified   

26 -1.24979 6.07240 Correctly Classified   

27 -1.21366 6.06628 Correctly Classified   
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28 -1.37477 5.98045 Correctly Classified   

29 -1.08164 6.47189 Correctly Classified   

30 -1.06728 6.45631   Wrongly Classified 

31 -1.03805 6.84383   Wrongly Classified 

32 -1.14045 6.71511 Correctly Classified   

33 -1.04472 6.84383   Wrongly Classified 

34 -1.14805 6.71354 Correctly Classified   

35 -1.12109 6.68624 Correctly Classified   

36 -1.06728 6.45631   Wrongly Classified 

37 -1.05036 5.90682 Correctly Classified   

38 -1.09517 5.88094 Correctly Classified   

39 -1.09956 5.85894 Correctly Classified   

40 -1.08259 5.85917 Correctly Classified   

41 -1.08486 5.85608 Correctly Classified   

42 -1.04338 5.76611 Correctly Classified   

43 -0.46028 6.28531   Wrongly Classified 

44 -0.47417 6.31272   Wrongly Classified 

45 -0.45105 6.36886   Wrongly Classified 

46 -0.44775 6.36253   Wrongly Classified 

47 -0.45017 6.35684   Wrongly Classified 

48 -0.44823 6.34219 Correctly Classified   

49 -0.59429 6.14123 Correctly Classified   

50 -1.12311 6.68900   Wrongly Classified 

51 -0.99855 6.38056   Wrongly Classified 

52 -0.99855 6.38056   Wrongly Classified 

53 -1.00998 6.30518 Correctly Classified   

54 -0.90951 6.22255 Correctly Classified   

55 -0.87014 6.17539 Correctly Classified   

56 -0.84386 6.09353 Correctly Classified   

57 -2.49051 6.21645 Correctly Classified   
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58 -2.53124 6.29525 Correctly Classified   

59 -2.56608 6.40998 Correctly Classified   

60 -2.63510 6.39113 Correctly Classified   

61 -2.63510 6.39113 Correctly Classified   

62 -2.47832 6.21846   Wrongly Classified 

63 -2.47733 6.24597 Correctly Classified   

64 -2.49763 6.28001 Correctly Classified   

65 -2.84322 5.82254 Correctly Classified   

66 -2.84234 5.83090 Correctly Classified   

67 -2.79400 5.84794 Correctly Classified   

68 -2.79425 5.85108 Correctly Classified   

69 -2.80611 5.84912 Correctly Classified   

70 -2.89693 5.80185 Correctly Classified   

71 -2.77592 5.77468 Correctly Classified   

72 -1.91364 4.91044 Correctly Classified   

73 -1.70051 4.99168   Wrongly Classified 

74 -1.92684 4.88651 Correctly Classified   

75 -1.70219 4.99058   Wrongly Classified 

76 -1.64862 5.10489 Correctly Classified   

77 -1.86451 4.89430   Wrongly Classified 

78 -1.33927 5.26215 Correctly Classified   

79 -1.34949 5.27663 Correctly Classified   

80 -1.49777 5.28743 Correctly Classified   

81 -1.51662 5.30661 Correctly Classified   

82 -1.38240 5.34580 Correctly Classified   

83 -1.11897 5.26761 Correctly Classified   

84 -1.16220 5.34597 Correctly Classified   

85 -1.11248 5.63094 Correctly Classified   

86 -1.11794 5.63736 Correctly Classified   

87 -1.62147 5.18994 Correctly Classified   
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88 -1.43237 5.38652 Correctly Classified   

89 -1.25513 5.64412 Correctly Classified   

90 -1.25419 5.65856 Correctly Classified   

91 -1.34361 5.89759 Correctly Classified   

92 -1.33805 5.89911 Correctly Classified   

93 -1.83461 5.89267 Correctly Classified   

94 -1.83143 5.82888   Wrongly Classified 

95 -1.81308 5.86358 Correctly Classified   

96 -1.75427 5.81903 Correctly Classified   

97 -1.69967 5.73793 Correctly Classified   

98 -1.86083 4.89312 Correctly Classified   

99 -1.85192 5.90987 Correctly Classified   

100 -1.83491 5.87689   Wrongly Classified 

101 -1.83491 5.87689   Wrongly Classified 

102 -2.50178 5.76336 Correctly Classified   

103 -2.47637 5.72502 Correctly Classified   

104 -2.48630 5.80831 Correctly Classified   

105 -2.40421 5.83438 Correctly Classified   

106 -2.40223 5.80858 Correctly Classified   

107 -2.39040 5.74376 Correctly Classified   

108 -2.38731 5.74342 Correctly Classified   

109 -1.85869 5.33183 Correctly Classified   

110 -1.74923 5.22032 Correctly Classified   

111 -1.78136 5.22375   Wrongly Classified 
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Appendix 3: Bamboo distribution Map in Juaso Forest District 
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Appendix 4: Bamboo Distribution Map in Nkawie Forest District 
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  Appendix 5: Bamboo Distribution Map in Bekwai Forest District 
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Appendix 6: Bamboo distribution map in Asangrakwa Forest District 
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Appendix 7: Bamboo distribution map in Assin Fosu Forest District 
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Appendix 8: Bamboo Distribution Map in Winneba Forest District 
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Appendix 9: Bamboo Distribution Map in Takoradi Forest District 
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Appendix 10: Bamboo Distribution Map in Sefwi Wiawso Forest District 
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Appendix 11: Bamboo Distribution Map in Oda Forest District 
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Appendix 12: Bamboo Distribution Map in Mankranso Forest District 
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Appendix 13: Bamboo Distribution Map in Kade Forest District 
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Appendix 14: Bamboo Distribution Map in Juabeso Forest District 
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Appendix 15: Bamboo Distribution Map in Enchi Forest District 
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Appendix 16: Bamboo Distribution Map in Cape Coast Forest District 
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Appendix 17: Bamboo Distribution Map in Begoro Forest District 
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