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Th e National Forest 

Monitoring and Assessment 

(NAFORMA) of Tanzania 

mainland was conducted over 

the period 2009 to 2014. Th is 

is the fi rst ground based forest 

inventory that was conducted 

across Tanzania mainland. 

Th e data/information was 

collected from more than 

30,000 sample plots. In 

addition to information related 

to the vegetation (biophysical 

data), NAFORMA collected 

information about how people 

manage and use the forests 

(socio-economic data).  

People depend on the forests 

either directly or indirectly. 

Forests and trees are essential 

for providing a wide range of 

products such as timber and 

wood fuel. Th ey also provide 

a wide range of environmental 

services such as biodiversity, 

clean air, ecotourism, and 

water catchment. Th ey are 

also a source of income and 

employment, just to mention 

a few.

However, the forest sector 

is facing some challenges. 

For example, more than 

90% of the population of 

Tanzania mainland use wood 

based energy for domestic 

consumption. Th is leads to 

widespread degradation and 

growing pressure on the forests. 

Further, deforestation and 

forest degradation is high.

Accurate, relevant and timely 

information on the woody 

resources is an essential starting 

point for addressing the 

challenges. Th e information 

from NAFORMA is needed 

for developing sound policies, 

plans and programmes for 

promoting sustainable forest 

management. 

NAFORMA will be 

updated through regular re-

measurements to monitor 

future changes in the forests 

and monitor the eff ects of 

policies and programmes.  

To address the drivers of 

deforestation and forest 

degradation, there is an 

urgent need to develop long 

term integrated solutions 

involving diverse topics such 

as land ownership, energy, 

infrastructure, population 

growth, poverty, alternative 

income sources, agriculture, 

and land use planning to meet 

sustainable forest management.

Th e key fi ndings of 

NAFORMA were released at a 

press conference in May 2013, 

whereby the Minister of Natural 

Resources and Tourism made 

a commitment to share the 

information from NAFORMA 

in an open and transparent 

manner to maximize the benefi t 

of the wealth of information 

generated by the project. 

I am therefore, very pleased to 

present the main fi ndings of the 

fi rst National Forest Inventory 

of Tanzania mainland which 

sums up the essence of fi ve 

years of work, totalling more 

than 200 work-years. For more 

detailed information, please 

visit the NAFORMA website 

at http://naforma.mnrt.go.tz

Forward
Mr. Juma S. Mgoo

Chief Executive
Tanzania Forest Service (TFS)Agency

Mr. Juma S. Mgoo
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Executive Summary

Th e National Forest Resources Monitoring and 
Assessment (NAFORMA) of Tanzania mainland 
was conducted over a fi ve-year period (2009-
2014) by the Tanzania Forest Services (TFS) 
Agency under the Ministry of Natural Resources 
and Tourism (MNRT) with technical support 
from the Food and Agriculture Organization 
(FAO) of the United Nations and co-funding 
from the Finnish and Tanzania Governments. 
Th is is the fi rst forest inventory carried out across 
the whole of Tanzania mainland.
 
Forests and woodlands are important for 
many reasons:  Th ey are sources of wood for 
construction and energy, are important for 
water retention capacities of catchment areas, 
are associated with a high biodiversity and 
forest adjacent communities use forest products 
including Non-Wood Forests Products (NWFPs) 
such as thatch grass and forests are used also as 
sources of food and income in times of scarcity.  

Th e forests of Tanzania are under severe pressure 
as they are the main source of energy of the 
expanding population leading to widespread 
degradation. NAFORMA provides the baseline 
data/information to allow for informed decisions 
to promote a more sustainable management of 
the national forest resources.

Objectives
 
NAFORMA had the following seven immediate 
objectives:

a. Establish consensus on NAFORMA process 

and approach; 

b. Increase capacity of MNRT to collect, 

analyze, update and manage information;

c. Develop a national database/dataset on 

forests and trees; 

d. Produce national maps of forests and land 

uses; 

e. Conduct forest assessment and establish 

long term monitoring system; 

f. Defi ne long term monitoring programme 

and design specifi c and management 

oriented inventories; and

g. Develop tools and methods for measuring, 

reporting and verifi cation (MRV) of Carbon 

sequestration. 

In addition, socio-economic and governance 

aspects as well as soil organic Carbon 

determination were incorporated into the 

NAFORMA objectives.  

Implementation logic

NAFORMA was conducted under the FAO-
Finland (FAO-FIN) Programme for support of 
sustainable forest management in a changing 
climate. Under this programme, Tanzania was 
the fi rst among fi ve pilot countries globally 
to implement a national forest inventory. Th e 
work conducted in Tanzania has therefore been 
instrumental for the development of the FAO-
FIN methodologies and tools based on cost free 
Open Source software. Th e logic of the FAO-FIN 
programme is that “timely, relevant and reliable 
information on the state, extent and uses of the 
forest resources allows for informed decision 
making and development of relevant policies and 
programmes with the ultimate goal of achieving 
a more sustainable forest management”.
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Methodology
 
Th e backbone methodology of NAFORMA was 
the fi eld inventory where biophysical and socio-
economic data were collected.

Field inventory:
 
Th e selected statistical framework was double 
sampling for stratifi cation. Initially, a dense grid 
of clusters was overlaid on the map of Tanzania 
mainland at distances of 5 km x 5 km between 
the clusters which was the fi rst phase sample. 
Based on predicted growing stock, accessibility 
and slope, the country was divided into 18 strata. 

Th e second phase samples were systematically 
selected from the fi rst phase sample, with diff erent 
sampling intensities in each of the 18 strata.   A 
total of 32,660, fi eld plots were established across 
all land cover types in Tanzania mainland where 
more than 240,000 trees (to evaluate wood 
volume, species composition and other variables) 
were measured. 

Socio-economic and governance: 

Th e socio-economic survey was linked to the 
biophysical survey design, which determined 
members of the population interviewed. In this 
case, the population of interest was people living 
in and/or near forests within a radius of up to 
ten kilometres from the cluster centre. A total 
of 3,348 households and 1,118 key informants 
were interviewed through the survey.
 
Th e fi eld data (biophysical and socio-economic)
were entered in the Open Foris-Collect database 
application and later analyzed using Open Foris-
Calc. 

Soil Organic Carbon

During the fi eldwork, 4,400 soil samples were 

collected for analysis of organic soil Carbon 
content.  

Permanent Monitoring System:
 
NAFORMA captured information on the 
following three Carbon pools: above ground 
biomass (AGB), dead wood and soil organic 
Carbon. A fourth Carbon pool, the below 
ground biomass, was calculated as a proportion 
of the AGB. Th e NAFORMA data therefore 
provides information on four out of the fi ve 
forest Carbon pools and has the potential to be 
the permanent monitoring system for terrestrial 
Carbon monitoring.

Land Use Land Cover Map: 

In addition to the fi eld inventory, NAFORMA 
produced a 2010 Land Use Land Cover map of 
Tanzania mainland based on interpretation of 
satellite imagery with ground validation. 

Multi Source National Forest Inventory: 

Like any other national forest inventory, 
NAFORMA provides the big picture and 
does not provide information to meet all the 
needs related to planning and management at 
districts and forest management unit levels.  
Eff orts to develop NAFORMA further into a 
regular Multi Source National Forest Inventory 
(MSNFI) continue into the post project setting 
in collaboration with FAO-FIN and the Finnish 
Forest Research Institute (METLA). Th rough 
NAFORMA, the MSNFI methodology is being 
tested for the fi rst time under tropical dry forest 
conditions. MSNFI essentially used both satellite 
imagery and ground-based observations to 
provide more accurate estimates of forest cover 
on large and small areas. Th e ultimate aim is 
to generate information/inventory results for 
district level and forest management unit level 
that can be used to support forest management 
planning at local level.  

Executive Summary
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Results

Biophysical results

Forest area: 

NAFORMA fi eld inventory has determined 
the area of forest and woodlands of Tanzania 
mainland to be 48.1 million ha. Th is is 42 % 
larger than earlier projections. NAFORMA is the 
fi rst ever ground based national forest inventory 
in Tanzania mainland and the diff erences with 
earlier estimates shows that ground measurements 
are essential for accurate forest inventories. Basing 
on the 2012 census, the population of Tanzania 
mainland is 43.6 million therefore, the per capita 
area of forest and woodland is 1.1 ha.   

Wood volume: 

Th e total wood volume of Tanzania mainland is 
3.3 billion m3, whereby 97% of the total volume 
is from trees of natural origin and only 3% is 
from planted trees. Th e average volume of wood 
is 37.9 m3/ha across all land cover types, varying 
from 1 m3/ha in open grasslands to 171 m3/ha in 
humid montane forests. Th e standing volume of 
wood per capita is 74.4m3. 

About half the total volume is found in protection 
forests and wildlife-protected areas and therefore 
legally inaccessible for harvesting. 

Tree: 

NAFORMA estimates the number of trees in 
Tanzania mainland to be 77.2 billion. Useful tree 
species of large dimensions are becoming rare due 
to human impacts. Th e average number of trees 
per capita is 1,723, primarily of small dimensions 
and slow growth.

NAFORMA fi ndings have contributed to 
increase in knowledge of the forest resources 
when compared with previous national level 
information that was available before it.  Some 
key fi gures are indicated below.
NAFORMA fi gures show a lower average 
growing stock in natural forests and mangroves 
(-32% and -59% respectively) compared to 
earlier estimates.  Th is is possibly a combined 
eff ect of previous overestimation and recent 
pronounced degradation.

Pre-NAFORMA 
fi gures*

NAFORMA 
fi gures

Percentage 
diff erence

Growing stock (forest and woodlands) 1,237 mill m3 2,831 mill m3 129%

Growing stock (other wooded land) 116 mill m3 140 mill m3 21%

Total area of forest and woodlands 33,428, 000 ha 48.090,700 ha 44%

Average growing stock (woodlands) 37 m3/ha 55.1 m3/ha 49%

Average growing stock (shrubs and thickets) 10 m3/ha 21.8 m3/ha 118%

Average growing stock (natural forest, excl. 
mangroves)

185m3/ha 125.1 m3/ha - 32%

Average growing stock (Mangroves) 120 m3/ha 48.8 m3/ha -59%

Total annual loss of forest and woodlands ** 403,000 ha 372,871 ha -8%

*Source: (FAO 2010b)   ** Source: Comparison of NAFORMA LULC map with 1995 HTSL map 

Executive Summary
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Demand-Supply:

Th e total annual supply (growth) of wood at 

national level is estimated at 83.7 million m3.  

However, only about half of this, i.e. about 

42.8 million m3 is available for harvesting at a 

sustainable level. Th e annual growth of the natural 

vegetation types is low compared to plantations. 

Th e annual demand (consumption) of wood 

(based on literature studies) is estimated at 62.3 

million m3 mainly for household energy and loss 

due to land area conversions. Th e consumption 

exceeds the sustainable supply, causing an annual 

wood defi cit of 19.5 million m3. Th e estimate of 

the average demand for wood is therefore 1.39 

m3/year/capita while the annual allowable cut 

(the sustainable supply) is estimated at 0.95 m3/

year/capita. 

Socio-economic results 

NAFORMA interviewed 3,483 households and 
1,118 key informants primarily in forest adjacent 
communities, which tend to be poor and 
somewhat disadvantaged without easy access to 
services.  Due to the small sample size, the socio-
economic (SE) results cannot be projected to 
national level, but can be taken as an indication 
of how forest adjacent communities use forests 
for their livelihoods. Many activities related to 
extraction and use of forest products may be 
underreported, especially those that are not legal. 

Income

Less than 10% of the interviewed households 
depended on forests for their principal income. 
By far, the primary source of income is agriculture 
and in some regions of the northwest of the 
country, it is livestock. 

Food Security

Forests play only a minor direct role in the food 
security of the forest adjacent communities. 
About a third of the forest adjacent households 
reported food shortage for some period of time 
during the year, with January, February and 
March being the most critical.  

Forest Products 

Firewood is by far the most commonly used forest 
product and is reported to be used exclusively 
by 96% of the households.  Most respondents 
reported that there are currently no aff ordable 
alternatives to woodfuel. A wide range of other 
forest products is used by the forest adjacent 
communities.

User Rights

Th e common perception is that forest products are 
considered open access. Th ere is some awareness 
of rules related to harvesting of fi rewood, poles, 
timber and charcoal, but the rules are only 
being enforced to a very limited extent.

Participatory Forest Management (PFM) 

Participation in PFM activities among forest 
adjacent communities remains low (7%) 
and appear to be implemented only where 
there are fi nancially supported programmes. 
Village governments and Non Governmental 
Organizations (NGOs) are perceived to be 
more important than regional and national 
governments for involving communities in PFM 
as they are geographically closer.

It appears that Joint Forest Management (JFM) 
is more easily recognized by key informants and 
is also rated to be more successful compared with 
Community Based Forest Management (CBFM) 
possibly due to more formality associated with 
JFM.  

Executive Summary



National Forest Resources Monitoring and Assessment of Tanzania Mainland vii

Main Result

Forest Governance

During the last 12 months prior to study on 
governance, about a quarter of the respondents 
had experienced problems relating to the use 
of land, water, forests and other local natural 
resources. Th e results also indicate that village 
councils play a key role in defi ning the rules 
on infractions and provide judgements on 
punishments.

Environmental services

Th e household interviews show a high degree 
of awareness of the multiple environmental 
services and benefi ts associated with forests 
and trees. Th ese included awareness on climate 
amelioration, water supply, windbreak, soil 
erosion control and ecotourism, among others.

Land Use Land Cover mapping results
 
Comparison of the 2010 NAFORMA Land 
Use Land Cover (LULC) map with the 1995 
LCLU map produces an estimate for forest cover 
loss of 372,816 ha per year.  Th is is very similar 
(92%) to previous estimates reported by Forest 
Resources Assessment (FRA) of FAO (2010). Th e 
similarity can in part be attributed to the similar 
methodologies used for estimating it. Th is means 
the forest area has decreased from 3 ha/capita 
in the early 1980s to 1.1 ha/capita using the 
2012 population census data. In addition, the 
remaining forests are more degraded than they 
were in the early 1980s.

Conclusions and Recommendations

Conclusions 

Th e key conclusions from NAFORMA are that: 

(i). Th e NAFORMA methodology was 

developed through a consultative process 

involving all relevant stakeholders. As a 

result of stakeholder consultations, the 

traditional FAO inventory methodology 

was changed to suit Tanzania’s conditions. 

Th e adopted methodology takes into 

account stakeholders’ needs including data 

for the REDD+ processes;

(ii). A total of 167 staff  from TFS and LGAs 

and 10 temporary staff  were actively 

involved in the NAFORMA data capture 

and processing, hence enhanced their 

capacities in ground-based forest inventory, 

mapping, socio-economic and governance 

surveys, data management and analysis. 

Despite the capacity built so far, TFS is still 

short of staff  in data management; 

(iii). NAFORMA measured a total of 30,773 

plots out of which 25% are permanent for 

long-term monitoring; 

(iv). NAFORMA has provided an objective 

documentation of the state of the forest 

resources of the country at the time of 

measurement.  Th e collected fi eld data are 

stored in the Open Foris-Collect database 

and analyzed in Open Foris-Calc. Data 

sharing policy is found in NAFORMA 

website: http://naforma.mnrt.go.tz;

(v). NAFORMA has collected useful data 

which can be subjected to further analysis 

to generate more information for policy 

makers, revision of NFP, REDD+ and 

academia;

(vi). Th e area covered by woody resources was 

previously underestimated. NAFORMA 

fi eld inventory results determined the 

area of forests and woodlands of Tanzania 

mainland to be 48.1 million ha. Woodlands 

alone cover 44 million ha; 

(vii). Based on the 2012 population census, 

NAFORMA data shows that there was 1.1 

ha of forest and woodlands per capita and 

1 m3 per person per year available from 

legally accessible sources;

(viii). Th e estimated annual consumption of 

Executive Summary
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62.3 million m3  which exceeds the annual 

allowable cut of 42.8 million m3. Th e 

current supply of wood is therefore unable 

to meet current demands sustainably. Th e 

current wood defi cit from legal sources is 

around 19.5 million m3 a year; 

(ix). Th e annual defi cit is currently met by 

overharvesting in the accessible forests 

and illegal harvesting in protected forests. 

Th is leads to degradation of the remaining 

forests and woodlands, which lowers their 

productivity;

(x). Th e national LULC map was produced 

and registered by the Ministry of Lands, 

Housing and Human Settlements 

Development; 

(xi). NAFORMA estimated forest Carbon in 

three pools namely AGB, BGB and DW. 

AGB and BGB amounted to 1,060.8 

million tonnes while DW was about 63 

million tonnes. By far, the major AGB 

and BGB sink is the woodlands which 

store 73.5% of the total Carbon. Data for 

estimation of SOC were collected but the 

analysis has not yet been completed. Th e 

litter Carbon pool was not estimated.

(xii). Socio-economic results showed common 

patterns of forest-people relations with 

respect to household variables and forest 

management issues. However, 31% of 

the respondent households were aware of 

PFM despite having been implemented for 

more than three decades and international 

publicity; and

(xiii). Th e reliability of NAFORMA data is low 

when used at levels lower than the regional 

level. 

Recommendations

(i). In order to strengthen capacity in data 

management, TFS should employ more staff  

including the temporary staff  trained during 

NAFORMA project implementation. 

Since NAFORMA project implementation 

relied heavily on national and international 

consultants, more capacity building of TFS 

and LGAs staff  is needed;

(ii). In order to ensure long term monitoring 

of forest resources, TFS should re-measure 

the Permanent Sample Plots established 

under NAFORMA. Data for the Carbon 

pools that were not considered in the 

NAFORMA study should be included in 

the re-measurements.

(iii). TFS should initiate special studies to 

determine carbon in litters.

(iv). Given the existing capacity of TFS and its 

roles on long term monitoring of forest 

resources, the Agency should strengthen 

linkages with other national institutions 

and sectors in order to utilize the available 

capacity;

(v). Th e apparent wood supply defi cit needs to 

be addressed urgently; 

(vi). Th e data from various sources used to 

estimate wood consumption were very 

variable. Th ere is therefore, a need to 

undertake a thorough nationwide wood 

consumption study;

(vii). Revision of National Forest Policy and 

National Forestry Programme (2015-2024) 

should use the NAFORMA fi ndings;

(viii). Th e government should commit funds to 

support awareness and implementation 

of PFM outside areas supported by 

development partners;

(ix). Th ere is need to further develop and 

use MSNFI in order to determine forest 

resources at local level; and

(x). Researchers and academia should further 

analyse NAFORMA data to generate more 

information for diff erent stakeholders.

Executive Summary



National Forest Resources Monitoring and Assessment of Tanzania Mainland ix

Main Result

TABLE OF CONTENTS
Foreword  ........................................................................................................................................................ i

Acknowledgement ........................................................................................................................................ ii

Executive summary...................................................................................................................................... iii 

List of Tables ................................................................................................................................................. xi 

List of Figures............................................................................................................................................... xii

List of  Appendices .................................................................................................................................... xiii

Abbreviations & Acronyms ...................................................................................................................... xiv

1     Introduction ...................................................................................................................... 1
1.1   Background information .......................................................................................................... 1

1.1.1 Location and terrain .................................................................................................................. 1

1.1.2 Climate and hydrology ............................................................................................................... 1

1.1.3 Socio economic environment .................................................................................................. 1

1.1.4 Vegetation Types ....................................................................................................................... 2

1.2   Review of past forest resource inventories in Tanzania ................................................... 2

1.2.1 Earlier forest inventories .......................................................................................................... 2

1.2.2 Earlier mapping initiatives  ....................................................................................................... 3

2   The NAFORMA Project ................................................................................................... 4
2.1   Background ................................................................................................................................ 4

2.2   Aims and objectives .................................................................................................................. 4

2.3   Support ........................................................................................................................................ 5

2.4   Project Management ................................................................................................................ 6

2.5   Partners ....................................................................................................................................... 7

2.6   Timeline ....................................................................................................................................... 8

3    NAFORMA METHODOLOGY ......................................................................................... 10
3.1    Preparatory phase ................................................................................................................... 10



National Forest Resources Monitoring and Assessment of Tanzania Mainlandx

Main Result

3.1.1  Training of staff ........................................................................................................................ 10 

3.1.2  Field work .................................................................................................................................. 10

3.1.3  Field equipment ........................................................................................................................ 11

3.2.   Data Collection ........................................................................................................................ 12

3.2.1  Tree variables and soil cover ................................................................................................. 12

3.2.2  Quality assurance .................................................................................................................... 19

3.2.3  Socio economic and governance ......................................................................................... 21

3.2.4  LULC mapping ........................................................................................................................... 22

3.2.5  Approach and procedures ..................................................................................................... 23

3.2.6  Development of LULC Legend ................................................................................................ 23

3.2.7  Image selection and aquisition .............................................................................................. 24

3.2.8  Image pre-processing ............................................................................................................. 25

3.2.9  LULC classifi cation .................................................................................................................. 25

3.3   Data management .................................................................................................................... 27

3.3.1  Field data delivery  ................................................................................................................... 28

3.3.2  Data entry and cleansing ........................................................................................................ 28

3.4    Data Analysis ........................................................................................................................... 29

4    RESULTS .......................................................................................................................... 32
4.1   Biophysical results ................................................................................................................. 32

4.1.1 Area and distribution of growing stock by main vegetation types .................................. 32

4.1.2 Total area distribution by vegetation types and land use classes .................................. 35

4.1.3 Distribution of forests and woodlands types by zones ...................................................... 36

4.1.4 Distribution of forests and woody vegetation resources by regions .............................. 37

4.1.5 Distribution of forests and woodlands by ownership ........................................................ 39

4.1.6 Most common tree species .................................................................................................... 40

4.1.7 Commercial volume ................................................................................................................. 42

4.1.8 Wood balance .......................................................................................................................... 45

4.1.9 Regeneration status by vegetation types ............................................................................ 47

4.1.10 Forest carbon stock estimation ............................................................................................. 48

TABLE OF CONTENTS



National Forest Resources Monitoring and Assessment of Tanzania Mainland xi

Main Result

4.1.11 Non wood forests products and services ............................................................................ 49

4.1.12 Forest health ............................................................................................................................. 49

4.2   LULC mapping results ............................................................................................................. 51

4.2.1 LULC map of Tanzania main land .......................................................................................... 52

4.2.2 Distribution of land area by LULC classes ........................................................................... 53

4.2.3 Forest cover change ................................................................................................................ 55 

4.3   Socio econic and forest governance results ..................................................................... 56

4.3.1 Socio economic aspects ........................................................................................................ 56

4.3.2 Forest governance aspects .................................................................................................... 62

5      CONCLUSIONS AND RECOMMENDATIONS ...........................................................................................64

5.1   Conclusions ............................................................................................................................... 64

5.2   Recommendations ................................................................................................................... 65

       REFERENCES .....................................................................................................................................66

    APPENDICES ....................................................................................................................................70

LIST OF TABLES
Table 3.1: Field tools and equipment ....................................................................................................... 11

Table 3.2: FRA Global classes and NAFORMA vegetation classifi cation ......................................... 15

Table 3.3: Biophysical variables captured during the NAFORMA fi eld work .................................. 16

Table 3.4: Irregularities captured by the QA teams during the NAFORMA fi eld work ................... 20

Table 3.5: NAFORMA LULC legend .......................................................................................................... 24

Table 4.1: Sampling errors and relative sampling estimates by primary vegetation type ............. 32

Table 4.2: Area and distribution of growing stock by main vegetation types .................................. 33

Table 4.3: Growing stock by vegetation types ....................................................................................... 34

Table 4.4: Land area distribution by vegetation types in Tanzania Mainland by zones ................. 35

Table 4.5: Distribution of forests and woodlands areas (ha) by vegetation types and zones ....... 36

Table 4.6: Distribution of forests and woody vegetation resources by regions .............................. 37

Table 4.7: Distribution of forests and woodlands areas (ha) by zone and ownership classes ..... 40

Table 4.8: Mean and Total of commercial and non-commercial volume by vegetation type ....... 42

Table 4.9: Total annual wood supply and annual allowable cut ........................................................ 46

TABLE OF CONTENTS



National Forest Resources Monitoring and Assessment of Tanzania Mainlandxii

Main Result

Table 4.10: Wood balance analysis for Tanzania mainland ................................................................. 47

Table 4.11: Estimated biomass and Carbon by vegetation type .......................................................... 48

Table 4.12: Carbon in DW in different vegetation types ....................................................................... 48

Table 4.13: Tree health in forests and woodlands ................................................................................. 50

Table 4.14: Coverage of LULC Map classes in Tanzania Mainland in 2010 ....................................... 53

Table 4.15: Comparison of NAFORMA inventory data and the NAFORMA LULC Map .................... 54

Table 4.16: Annual rate of change of area for forests, other wooded lands and other lands ....... 55

Table 4.17: Source of household foods and how long the food lasts ................................................. 59

Table 4.18: Harvesting of forest products by gender ............................................................................ 60

Table 4.19: Organizations considered important for communities’ participation in PFM ............... 63

LIST OF FIGURES
Figure 2.1:  Logic of the FAO-FIN Programme support ............................................................................ 5

Figure 2.2:  NAFORMA organizational chart ............................................................................................. 6

Figure 2.3:  NAFORMA phases .................................................................................................................... 9

Figure 3.1:  Location of NAFORMA sample clusters in Tanzania mainland ...................................... 13

Figure 3.2:  Cluster and plot design .......................................................................................................... 14

Figure 33:  NAFORMA plot centre photo locations and example from plot 9 of cluster ................. 16

Figure 3.4:  TFS administrative zones ....................................................................................................... 18

Figure 3.5:  Timeline and progress of NAFORMA fi eldwork ................................................................. 19

Figure 3.6a: Layout of a biophysical cluster and the socio-economic sampling zone .................... 21

Figure 3.6b: Household selection procedure within a biophysical cluster ....................................... 21

Figure 3.7:  Distribution of socio-economic samples ............................................................................ 22

Figure 3.8:  LULC Mapping methodology fl owchart ............................................................................... 23

Figure 3.9:  Georeferenced photographs hyperlinked with image interpretation ............................ 26

Figure 3.10: Image interpretation (red polygons)  overlaid on GE images ......................................... 27

Figure 3.11: Flow of the fi eld data ............................................................................................................. 28

Figure 4.1:  Growing stock by main vegetation types ............................................................................ 33

Figure 4.2:  Land use distribution in Tanzania mainland ....................................................................... 36

Figure 4.3:  Average growing stock and forest and woodland share of total area  ......................... 39

TABLE OF CONTENTS



National Forest Resources Monitoring and Assessment of Tanzania Mainland xiii

Main Result

Figure 4.4:  Twenty most common tree species (%) of all observed trees in all vegetation  ..............                 
   types ......................................................................................................................................... 41

Figure 4.5:  Distribution of all trees in Tanzania mainland by land-use ............................................. 41

Figure 4.6:  Commercial volume compared to growing stock by landuse ......................................... 43

Figure 4.7:  Commercial and non-commercial volume by zones ......................................................... 43

Figure 4.8:  Commercial volume (m3) by diameter (DBH) class and region ....................................... 44

Figure 4.9:  Commercial volume by region and landuse ....................................................................... 44

Figure 4.10: Volume, commercial volume and number of trees per ha by diameter class ............. 45

Figure 4.11: Regeneration status by vegetation type ............................................................................ 47

Figure 4.12: NWFPs and services in forests and wildlife protected areas ....................................... 49

Figure 4.13: Level of severity of damage to forests and woodlands caused by human activties. .51

Figure 4.14: LULC map of Tanzania mainland ......................................................................................... 52

Figure 4.15: Comparison of NAFORMA LULC map forest cover with earlier mapping work .......... 55

Figure 4.16: Relationship between wood biomass and population density ...................................... 57

Figure 4.17: Household food sources ...................................................................................................... 58

Figure 4.18: Forest foods and medicines harvested by region ............................................................ 58

Figure 4.19: Food availability at household level during the year ....................................................... 59

Figure 4.20: Use of forest products by gender ....................................................................................... 60

Figure 4.21: User rights for accessing various forest products .......................................................... 61

Figure 4.22: Sources and uses of energy at household level .............................................................. 61

Figure 4.23: Awareness of local rules which regulate harvesting of forest products .................... 62

LIST OF APPENDICES
Appendix 1.1:   Calculating survey results for soil organic carbon of Tanzania mainland ........... 70

Appendix 1.2:   Development of soil carbon maps of Tanzania based on NAFORMA and                  
                     other datasets ................................................................................................................. 78

Appendix 1.3:   Mapping natural forests and biodiversity for addressing environmental                                                                    
                     safeguards in REDD+ spatial planning ....................................................................... 87

Appendix 1.4:   Mapping historical changes in land cover using Landsat data and                              
                     combination of automatic classifi cation and visual interpretation. ...................... 97

Footnotes (list of footnotes used in the document) ............................................................................. 106

TABLE OF CONTENTS



National Forest Resources Monitoring and Assessment of Tanzania Mainlandxiv

Main Result

Abbreviations & Acronyms

AAC  Annual Allowable Cut

AfSIS  African Soil Information   

  Service

AfSP  African Soil Profi le

AGB  Above Ground Biomass

ANPC  Assistant National Project   

  Coordinator

ARI  Agricultural Research Institute

BACAS  Bureau of Agricultural   

  Consultancy and Advisory  

  Services 

BEF  Biomass Expansion Factor

BGB  Below Ground Biomass

BKF  Bruno Kessler Foundation

BRN  Big Results Now

CBFM  Community Based Forest   

  Management

CEO  Chief Executive Offi  cer

CIDA  Canadian International   

  Development Agency

CIFOR  Centre for International   

  Forestry Research

COP  Conference of the Parties

CTA  Chief Technical Advisor

DBH  Diameter at breast height

DEO  District Environmental Offi  ce

DFO  District Forest Offi  cer

DNRO  District Natural Resources  

  Offi  cer

DP  Development Programmes

DP1  Forest Resources Conservation  

  and Management Programme

DP2  Institutions and Human   

  Resources Development   

  Programme

DP3  Legal and Regulatory   

  Framework Programme

DP4  Forestry Based Industries and  

  Sustainable Livelihoods

DSA  Daily Subsistence Allowance

DW  Dead wood

ESMF  Environmental and Social   

  Management Framework

FAO  Food and Agriculture   

  Organization of the United  

  Nations

FAO-FIN  FAO-Finland Programme for  

  Support to Sustainable Forest  

  Management in a Changing  

  Climate. 

FBD  Forest and Beekeeping   

  Division

FCPF  Forest Carbon Partnership  

  Facility

FMU  Forest Management Unit

FORCONSULT  Forestry Consultancy 

FPIC  Free, Prior and Informed   

  Consent

FRA  Global Forest Resources   

  Assessment

FRMA  Forest Resources Monitoring  

  and Assessment Section

GCS  Geographic Coordinate   

  System

GDP  Gross Domestic Product

GE  Google Earth

GFRA  Global Forest Resources   

  Assessment

GHG  Green House Gas



National Forest Resources Monitoring and Assessment of Tanzania Mainland xv

Main Result

GIS  Geographic Information   

  System

GoT  Government of Tanzania

GPS  Global Positioning System

Ha  Hectare

HF  High Frequency

HH  Household

HQ  Headquarters

HR  High Resolution

HTSL  Hunting Technical Services  

  Ltd

ICI  Institutional Cooperation   

  Instrument

IDM  Inventory Data Model

IFAD  International Fund for   

  Agricultural Development

IPCC  Intergovernmental Panel on  

  Climate Change

ISRIC  International Soil Reference  

  and Information Centre

IUCN  International Union for   

  Conservation of Nature

JFM  Joint Forest Management

JRC  Joint Research Centre of the  

  European Commission

KI  Key Informant

K-NN  K-Nearest Neighbour

LCCA  Land Cover Change   

  Assessment

LEDAPS  Landsat Ecosystem   

    Disturbance Adaptive   

  Processing System

LOA  Letter of Agreement

LU  Land Use

LULC  Land Use Land Cover

MAE  Mean Absolute Error

MAFC  Ministry of Agriculture, Food  

  Security and Cooperatives

MAI  Mean Annual Increment

MDG  Millennium Development  

  Goals

ME  Mean Error

MeTL  Mohamed Enterprises   

  Tanzania Limited

METLA  Finnish Forestry Research   

  Institute

MLC  Maximum Likelihood   

  Classifi er

MLHHSD  Ministry of Lands,   

  Housing and Human   

  Settlements Development

MNRT  Ministry of Natural Resources  

  and Tourism

MoU  Memorandum of   

  Understanding

MoWI  Ministry of Water and   

  Irrigation

MRV  Measuring Reporting and   

  Verifi cation

MSFI  Multi Source Forest Inventory

MYRLIN  Methods of Yield Regulation  

  with Limited Information

NAFORMA   National Forestry Resources  

  Monitoring and Assessment of  

  Tanzania

NBS  National Bureau of Statistics

NC  National Consultant

NCMC  National Carbon Monitoring  

  Centre

NFMA  National Forest Monitoring  

  and Assessment

NFP  National Forest Programme

NGO  Non Governmental   

  Organisation

NPC  National Project Coordinator

NWFP  Non Wood Forest Products

OWL  Other Wooded Land

PD  Project Document

PEN  Poverty Environment Network

PFM  Participatory Forest   

  Management

PSC  Permanent Sample Cluster

Abbreviations & Acronyms



National Forest Resources Monitoring and Assessment of Tanzania Mainlandxvi

Main Result

PTU  Project Technical Unit

QA  Quality Assurance

REDD  Reduced Emissions from   

  Deforestation and Forest   

  Degradation

REDD+  Reduced Emissions from   

    Deforestation and Forest   

  Degradation and the role of  

    conservation, sustainable   

  management of forests   

  and enhancement of forest  

 carbon stocks in developing   

 countries                      

REL Reference Emission Levels

RF Random Forest Classifi er 

RGB Red, Green, Blue

RL Reference Levels

RMSE Root Mean Square Error

SADC Southern African Development  

 Community

SE Socio-economic

SESA Strategic Environmental and  

 Social Assessment

SFM Sustainable Forest Management

SIDA Swedish International   

                    Development Cooperation   

 Agency

SIS Safeguard Information System

SLC Scan Line Corrector

SNU Sub National Unit

SOC Soil Organic Carbon

SUA Sokoine University of   

 Agriculture

SWAP-SC Sector Wide Approach Steering  

 Committee

TAFORI Tanzania Forestry Research   

 Institute

TFS Tanzania Forest Services Agency

TM Th ematic Mapper

TMA Tanzania Meteorological Agency

TOF Trees Outside Forests

TOR Terms of Reference

TWGs Technical Working Groups

UN United Nations

UNDP United Nations Development  

 Programme

UNEP-WCMC  United Nations Environment  

 Programme - World   

 Conservation Monitoring   

 Centre

UNFCCC United Nations Framework   

 Convention on Climate   

 Change

UNREDD United Nations Collaborative  

 Programme and Reducing   

 Emissions from Deforestation  

 and Forest Degradation in   

 Developing Countries 

URT United Republic of Tanzania 

USD United States Dollar

USGS United States Geological Survey

VLFR Village Land Forest Reserve

WB World Bank

WEO World Economic Outlook

WV2 World View 2 Satellite

ZWBS Zanzibar Woody Biomass   

 Survey

Abbreviations & Acronyms



National Forest Resources Monitoring and Assessment of Tanzania Mainland 1

Main Result

1.1 Background information

1.1.1 Location and terrain

Th e United Republic of Tanzania is located in East Africa between longitude 29° and 41° East and 
latitude 1° and 12° South. It covers a total of 947,600 km2. Tanzania mainland accounts for 945,100 
km2 (99.74% of the area) while the islands of Zanzibar (Unguja and Pemba) account for the remaining 
2,500 km2 (0.26%) (NBS 2013a). Tanzania mainland is endowed with a wide range of natural resources 
as well as ecological and cultural diversity including extensive areas of arable land, approximately 1400 
kilometres of coastline, which off er considerable social and economic potential (MLHHSD 2013), 
wildlife reserves and parks, mountains, forests, rivers, and lakes. A large central plateau (ranging from 
900 m to 1,800 m) makes up most of the mainland. Administratively, the mainland is divided into 
26 regions, each of which has a high degree of autonomy in the administration of its development 
programmes. Each region is divided into districts, which are subdivided into divisions, wards and 
villages. In early 2014, there were 169 districts (NBS, 2013b).

1.1.2 Climate and hydrology

Th e country has a very diverse climate, depending on altitude and latitude (NBS 2013a). Th e mean 
annual rainfall varies from below 500 mm to over 2000 mm per annum (Climatemps.com 2014). 
Th e central plateau is relatively dry while, the north western highlands are cool. Th e rainfall for large 
parts of the country is bimodal with short rains from October-December and long rains from March 
to May (TMA 2014).

Tanzania mainland is divided into nine hydrological basins: Basins that drain into the Indian Ocean 
are the Rufi ji River and its tributaries, Ruvuma and Southern Rivers, the Pangani and the Wami/
Ruvu Rivers. Th e Lake Tanganyika basin, the Lake Nyasa basin and the Lake Victoria basin drain into 
the respective lakes; and two inland drainage systems - one draining into Lakes Eyasi, Manyara and 
Natron in the North and Lake Rukwa in the South-West (MoWI 2014).

1.1.3 Socio-economic environment

Th e 2012 national census estimated the population at 44.9 million, out of which 50.1% are below 17 
years of age (NBS 2013a). Th e population is increasing rapidly at a growth rate of 2.7% (NBS 2013c). 
Population has more than tripled since 1967 and at the current rate, the population is set to double 
in the next 26 years. Dar es Salaam, the commercial capital has an annual growth rate of 5.6% (NBS 
2013c). Agriculture, forestry and fi sheries sectors account for 26.8 % of the Gross Domestic Product 
(GDP) (NBS 2013d), and employ 75.9 % of the work force. GDP real growth rate in 2012 was 6.9% 

1.0 Introducing
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(MAFC 2013). In spite of recent good GDP growth rates, the GDP per capita in 2012 was USD 609 
(World Bank 2014).With this GDP per capita,  Tanzania was ranked 174th globally. Tanzania has been 
characterized by political stability and strong economic growth during the last decade. Th e county 
has abundant natural resources capable of supporting a buoyant economy with perspectives for future 
extraction of a wide range of minerals including uranium and natural gas. 

1.1.4 Vegetation Types

Th e forests in Tanzania mainland are high in biodiversity. Th e country contains over 10,000 plant 
species, hundreds of which are nationally endemic. Of the plant species, 305 are identifi ed as 
threatened in the IUCN Red List, with 276 species classifi ed as Endangered (IUCN 2013). Th e main 
forest types include deciduous miombo woodlands in the western, central and southern parts of the 
country, Acacia-Commiphora woodlands in the northern regions, coastal forests and woodland mosaics 
in the east, mangrove forests along the coast of the Indian Ocean, and closed canopy forests, which 
grow on the ancient mountains of the Eastern Arc, along the Albertine Rift close to Lake Tanganyika 
in the west, and on the younger volcanic mountains in the north and central parts of the country 
(Burgess et al. 2004). Woodlands are mostly open and often degraded with undergrowth of grass and 
shrubs. Woodlands are subject to frequent grass fi res stemming from adjacent human activity such as 
agriculture.

1.2 Review of past forest resource inventories in Tanzania

1.2.1 Earlier forest inventories

Previous forest inventories were limited to specifi c districts as indicated below (MNRT 2008):

(i) During 1971 -1973, the government with fi nancial support from Canadian International  
 Development Agency (CIDA) conducted a reconnaissance indigenous forest inventory for  
 fi ve blocks: Kilimanjaro, Tanga, Kilombero, Tabora and Mtwara;
(ii) During 1975/1980, an industrial inventory was conducted by Jaakko Poyry in the fi ve   
 blocks previously inventoried in Kilimanjaro, Tanga, Kilombero, Tabora and Mtwara; 
(iii) In 1996, the Swedish International Development Cooperation Agency (Sida) supported a  
 reconnaissance forest inventory in three regions namely Singida, Arusha and Dodoma;
(iv) In 1999, the Forestry and Beekeeping Division (FBD) of MNRT conducted a study on the  
 status of non timber forest products in Tanzania; 
(v) During 2005, FBD conducted a reconnaissance forest inventory in 11 districts namely   
 Liwale, Mkuranga, Tunduru, Nachingwea, Rufi ji, Kilwa, Kisarawe in the Southern zone   
 and Kilombero/Ifakara and Mvomero in the Eastern zone; Handeni/Kilindi in the   
 Northern zone and Mpanda in the Western zone;
(vi) During 2011, TFS conducted an inventory of the mangroves; 
(vii) During 2013, TFS initiated an inventory of the state plantations and in 2014 in selected  
 territorial production forest reserves in connection with the “Big Results Now” (BRN)   
 activities.
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1.2.2 Earlier mapping initiatives

Earlier mapping of vegetation types covering Tanzania mainland have been conducted for more than 
100 years (Willcock 2012) as follows: 

1891 Map: 
Th is is a map of the topography and vegetation of northern Deutsch-Ostafrika. Th e  map shows the 
location and extent of forest in the Usambara and Pare mountains in the late 19th century at a scale of 
1:2,000,000. 

1908 Map: 
Th is map produced under the German colonial administration illustrates land cover for the whole of 
Tanzania at a scale of 1:6,000,000, using a biome-type classifi cation system consisting of 13 diff erent 
land covers.

1923 Map: 
Th is is a generalized map of the vegetation in Africa at a scale of 1:10,000,000. Th e map uses a biome-
type classifi cation system consisting of 20 diff erent land covers in total and was the fi rst continental 
estimate. 

1949 Map: Th is vegetation map of Tanganyika Territory is at a scale of 1:2,000,000 and illustrates 
land cover for the whole of Tanzania at a high resolution and uses a biome-type classifi cation system 
consisting of 16 diff erent land covers. 

1984 Map: 
Woody biomass in the Southern African Development Community (SADC) region, (Millington and 
Townsend 1989). Th e map employs 5 vegetation classes (forest, woodland, bushland, grassland and 
thicket) for Tanzania, each of which is further subdivided into a number of levels e.g. alpine forest, 
lowland high forest and plantation for the forest class. 

1995 Maps: Two maps were produced in 1995:
 
(i.) In 1996, Hunting Technical Services Ltd (HTSL) carried out a National Reconnaissance Level 

Land Use and Natural Resources Mapping under the component of Forest Resource Management 
Project. Th e HTSL map was produced at a scale of 1:250,000 by analyzing mosaics of Landsat 
Th ematic Mapper and SPOT images acquired between May 1994 and July 1996. Th e map 
employs 6 vegetation classes (forest, woodland, bushland, grassland, cultivation and others) for 
Tanzania each further subdivided into a number of subclasses (Hunting Technical Services Ltd 
1997);

(ii.) AFRICOVER map by FAO. Th e Africover project had the objective to establish a digital geo-
referenced database on land cover and a geographic reference (geodesy, roads, and hydrography) 
at a 1:200,000 to 1:250,000 scale (1:100,000 for small countries and specifi c areas). Th e project 
produced a 1:1,000,000 scale land cover map for the entire African continent (FAO 1998).

Linear extrapolations between the 1984 Map and 1995 HTSL dataset have been used as the offi  cial 
fi gure for estimating recent forest cover loss in Tanzania (FAO 2010).
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NAFORMA1 was conducted between 2009 and 2014 by FBD/TFS under the MNRT with technical 
support from FAO and funding from the Finnish and Tanzanian Governments. Th is chapter describes 
the background, objectives and partners, and provides an overview of project activities.

2.1 Background

Th e National Forest Programme (NFP) 2001-2010 recognized that the state and trends of the country’s 
forest resources over time were largely unknown and that existing information regarding the location 
and condition of forest resources was inadequate, fragmented and outdated. Th e NFP concluded that 
institutional capacity to conduct forest inventory was inadequate and therefore recognized conducting 
a NAFORMA as a priority activity for FBD under the MNRT (MNRT 2001). 
Structural changes in the MNRT (2010 onwards) led to the establishment of the semi-autonomous 
TFS Agency, which took over the bulk of the FBD portfolio. NAFORMA is an integral part of TFS 
in the Forestry Resources Monitoring and Assessment Section (FRMA)2. 

2.2 Aims and objectives

NAFORMA was planned to develop complete and sound baseline information on forest and tree 
resources and assist TFS to set up a specialized structure and put in place a long term monitoring system 
of Tanzania’s mainland forested ecosystems. According to the Project Document (PD), NAFORMA 
should introduce a policy-relevant, holistic and integrated approach to forestry resources assessment 
that address both domestic information needs and international reporting requirements and provides 
data and information on the sector to users (both local and international) on a timely and regular basis 
(MNRT 2007). 

According to MNRT (2007), seven immediate objectives of NAFORMA are:

(ii) Strengthen the capability of FBD/TFS to collect, analyse, update and manage the needed  

1 www.naforma.tfs.go.tz
2 For the sake of clarity, TFS is consequently used as the institutional host name of NAFORMA in the   

 current text although it was not fully established at the time of starting the NAFORMA.

2.0 The Naforma Project

Establish broad consensus at the national level on the process and approach to NAFORMA 
in Tanzania, taking into account national users’ information requirements for planning and 
sustainable management of the forest resources and the country’s obligations of reporting to 
international processes, including green house gases (GHGs) reporting and expected reduced 
emissions from deforestation and forest degradation, conservation of forest Carbon stocks, 
and enhancement of forest Carbon stocks in developing countries, Monitoring, Reporting 
and Verifi cation (REDD+ MRV);

(i)

 information on forests and Trees Outside the Forests (TOF) for planning and sustainable  
 management of the forest resources and for REDD+ MRV; 
(iii) Develop a national database and information system on forests and TOF;
(iv) Prepare national maps of forests and land uses based on harmonized classifi cation and forest  
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 related defi nitions;
(v) Undertake a national assessment of the forest and TOF resources with the aim to create an  
 information base according to national and international requirements and to set up a long  
 term monitoring system of the resources;
(vi) Defi ne long term monitoring programme of the forest resources, design specifi c and   
 management oriented inventory in priority areas and formulate projects; and
(vii) Develop tools and methods for integration of REDD+ MRV to National Forest Monitoring  
 and Assessment (NFMA) methodology.

In addition, socio-economic and governance aspects as well as soil organic Carbon determination were 
incorporated into the NAFORMA objectives. 
  

2.3 Support

NAFORMA was conducted under the FAO-FIN Programme for Support to Sustainable Forest 
Management in a Changing Climate. Tanzania is one of fi ve initial pilot countries under the 
Programme. Other pilot countries are Zambia, Vietnam, Peru and Ecuador. Th e national eff orts are 
supported by the FAO-FIN technical unit at FAO-Headquarters (HQ).

Th e FAO-FIN programme logic is that “timely, relevant and reliable information on the state, extent and 
uses of the forest resources allows for informed decision making and development of relevant policies and 
programmes with the ultimate goal of achieving a more sustainable forest management”. Th e FAO-FIN 
Programme therefore, provided technical support as shown in Figure 2.1. 

     
Figure 2.1: Logic of the FAO-FIN Programme support 
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Tanzania was the fi rst among the FAO-FIN pilot countries to engage in developing the methodology, 
fi eld work, mapping and data management. Th e work undertaken through NAFORMA was therefore 
instrumental in providing feedback and experiences to FAO-FIN HQ for developing the FAO-FIN 
methodologies.
 
Th e original project document (PD) operated with funding of USD 3 million from the Finnish 
Government. Th e initial stakeholder consultations and information needs assessment clarifi ed that the 
national goal was that the information from NAFORMA should be useful at the sub national level 
and also for possible REDD+ processes. With the increased scope, NAFORMA made two revisions of 
the PD which subsequently increased the development partners’ funding to USD 6 million. 
In addition, a signifi cant contribution was provided by FAO-FIN at FAO HQ in the form of 
technical backstopping, methodology and tool development. FAO invested a total of 47 person-
years  in NAFORMA. During the same period, TFS contributed 167 person-years and approximately 
USD two million of which USD one million was used to support fi eld work since early 2012. 

2.4 Project Management

NAFORMA management team was established in September 2009 as indicated in the sand coloured 
box (Figure 2.2). 

Figure 2.2: NAFORMA organizational chart
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Th e National Project Coordinator (NPC) held the formal position as the overall coordinator of 
NAFORMA and was supported by the Chief Technical Advisor (CTA) who was responsible for 
providing timely technical support from FAO to TFS as the implementing partner and by the Assistant 
NPC (ANPC) who was responsible for the operation of the fi eldwork, including Quality Assurance 
(QA).

Th e NPC reported to the Chief Executive (CE) of the TFS for operational matters and to the Sector 
Wide Approach Steering Committee (SWAP-SC) for principal matters3 while the CTA reported to 
FAO (Tanzania and HQ) and to the Development Partner on budget issues and technical matters. 

In September 2009, the four technical working groups (TWGs) of NAFORMA namely Forest 
Inventory, Mapping, Data Management and REDD+ compliance were established. Each TWG was 
intended to be led by a TFS Offi  cer and staff ed by a number of TFS technicians. Terms of Reference 
(ToR) for the staff  were developed by TFS. Each TWG was supported by FAO in the form of National 
consultants at the project site in Tanzania and development of tools, methodologies and training 
through support from FAO-FIN HQ in Rome.

Th e NPC, ANPC, CTA and the heads of  TWGs made up the Project Technical Unit (PTU) which 
was intended as a forum for frequent operational meetings that would ensure close coordination of the 
project activities. After the initial preparatory phase however, the management responsibilities were 
vested solely on the NPC and CTA in the offi  ce and on the ANPC and the NPC with regard to the 
inventory in the fi eld. 

TFS involvement in the daily work and consequently the extent of the knowledge transfer in the four 
TWGs was variable. While capacity is strong in practical inventory skills after a lengthy fi eld work 
period, signifi cant challenges remain in data management.

2.5 Partners

NAFORMA was jointly implemented by TFS and FAO with cooperation from a number of other 
initiatives and institutions that their work and outputs helped in developing methodologies and 
analysing the data. Th e following are the main partners in a non-prioritized order:

United Nations collaborative initiative on REDD in developing countries – (UN-REDD): Th e 
collaboration between UN-REDD and NAFORMA was close and synergetic for the duration of 
the UN-REDD Tanzania project (2010-2013). Th e projects conducted several joint trainings in 
open source software for mapping and data analysis. UN-REDD fi nanced the refurbishment of the 
TFS Survey and Mapping and data management facilities and the NAFORMA soil organic Carbon 
laboratory analysis. UN-REDD also fi nanced a number of useful studies that complement the 
NAFORMA work and have a strong national capacity building element through learning by doing, 
i.e.:

(i) Calculation of soil organic Carbon via letter of Agreement (LoA) with Finnish Forest   
 Research Institute (METLA) (Appendix 1.1);

3 During the last 20 months of NAFORMA, the SWAP-SC was however inactive.
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(ii) Mapping of soil organic Carbon via LoA with ISRIC World Soil Information 
 (Appendix 1.2); 
(iii) Mapping of biodiversity co-benefi ts (safeguards) at national scale to support decisions for  
 REDD+ in Tanzania via Letter of Agreement (LoA) with UNEP-WCMC (Appendix 1.3);
(iv) Land Cover Change Assessment (Appendix 1.4);

Joint Research Centre of the European Commission (JRC): 
A collaboration agreement between TFS and the European Union, signed March 2013, allowed for:
(i) JRC developing software for visual validation of historic forest cover changes over the  
 permanent sample sites of NAFORMA from 3 points in time (1990 – 2000 – 2010) and  
 training in its use;
(ii) JRC conducting a study on assessing historic degradation based on high resolution imagery  
 (HR) (Appendix 1.5);
(iii) Provision of HR imageries to MNRT. 

Bruno Kessler Foundation (BKF) collaborated with FAO-FIN on computing surface refl ectance 
outputs from satellite imageries for LULC mapping. 

Bureau of Agricultural Consultancy and Advisory Services (BACAS) of Sokoine University of 
Agriculture (SUA) handled the laboratory analysis of the NAFORMA soil samples through LoA with 
UN-REDD. 

Google Earth Outreach – initial cooperation on using handheld data collection devices and Open 
Data Kit software in NAFORMA. In 2011, Google Earth Pro licenses were provided as platform 
for validation of the LULC map and Landsat mosaics for the multi-source forest inventory in 2013. 
Memorandum of Understanding (MoU) was signed in 2010.
 
Th e Finnish Forest Research Institute (METLA) collaborated with FAO-FIN throughout the 
project duration and was instrumental in the development of the NAFORMA sampling design as well 
as providing support in the following areas:
 

(i) Development of Quality Assuarance (QA) for the fi eld inventory;

(ii) Conduction of a quality assessment of the NAFORMA soil component (fi eld and laboratory);

(iii) Analysis of soil organic Carbon and capacity building in the use of R-statistical software   

 package. 

Sokoine University of Agriculture (SUA) was the main source of National Consultants for a wide 

range of NAFORMA activities such as information needs assessments, methodology and manual 

development (including species lists), inventory, mapping, analysis and reporting.

2.6 Timeline
 
NAFORMA was implemented over a period of 62 months (April 2009 – June 2014). With an 
increased level of ambition of the national stakeholders and increased requirements to the outputs of 
the inventory, NAFORMA underwent two revisions of the PD and implementation period increased 
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from the initial 44 months to 62 months.

Th e main tasks related to preparation, implementation, data processing, analysis and reporting are 

indicated in Figure 2.3 (MNRT 2012). 

Figure 2.3: NAFORMA phases
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Th is chapter provides an insight into the NAFORMA data collection and analysis methodologies and 
contents of the forest inventory, socio-economic and governance, LULC mapping and soil Carbon.   

Details of the NAFORMA methodology and variables, except for LULC mapping are available in the 
NAFORMA fi eld manuals (MNRT 2011a and MNRT 2011b) at the NAFORMA Website http://
naforma.mnrt.go.tz and www.fao.org/forestry/17847/en/tza 

3.1 Preparatory phase

Th e preparatory phase began in 2009 with stakeholder consultations to review the FAO traditional 

methodology’s relevance to Tanzania mainland conditions. Th e outcome of the review was a decision 

to change the FAO sampling design to suit Tanzania mainland conditions. Th ereafter, NAFORMA 

fi eld manuals were developed (MNRT 2011a &b).   

3.1.1 Training of staff

A group of 167 staff  (TFS and District Forest Offi  cers (DFOs)) were identifi ed by the NPC to receive 
training and subsequently participate in the fi eldwork.  During the training, the fi eld manuals were 
refi ned based on feedback from the trainees and preliminary analysis of the initial fi eld data.   
Training of staff  was an important element in building national capacity for undertaking NAFORMA 
and similar activities in the future. Th e training was aimed at equipping the staff  with essential skills 
and knowledge in all elements of the NAFORMA fi eldwork. Th is gave the needed fl exibility for staff  
to perform diff erent tasks as needed.

In order to capture REDD+ needs, soil sampling protocol and governance issues were included in 
the revised fi eld manuals and the teams were trained on these aspects. Th ree training sessions were 
conducted between November 2009 and March 2010.

3.1.2 Field work  

Th e fi eldwork commenced in May 2010 in the Eastern zone with the initial fi ve teams of eight people 
each. After a workshop held in Bagamoyo in November 2010, the number of fi eld teams was gradually 
increased from fi ve to sixteen.  At all times, it was ensured that the teams were well balanced – i.e. 
always containing staff  that had been involved from the start of the fi eld work as well as new team 
members.  In this way, a signifi cant skills transfer between the staff  was ensured. 
 
After gaining initial experience in the fi eld and following the recommendations of the mid-term 
evaluation of NAFORMA conducted in May 2011, the fi eld crew size was reduced to seven to save 

3.0 NAFORMA Methodology
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costs. Th e composition of the fi eld crew was as follows:

(i) Crew leader;

(ii) 2 members for biophysical fi eld measurements (enumerators);

(iii) 1 member for socio-economic interviews;

(iv) Botanist/tree identifi er;

(v) Driver;

(vi) Armed wildlife guard (only when required).

Approximately 10% of the fi eld team members were female, which refl ects the present gender balance 
among forest offi  cers. Th e responsibilities of the crew members are detailed in the fi eld manuals 
(MNRT 2011a &b).   

Although each team had its own botanist, an additional local helper knowledgeable in tree identifi cation 
in the fi eld proved to be very useful. Th e helper was normally a local herbalist or experienced hunter 
familiar with the forest and surrounding area. Th is person also helped to clear the way to the sample 
plots in places where access was diffi  cult. 

3.1.3 Field equipment

To conduct the fi eldwork, the teams were equipped with fi eld materials and equipment shown in 

Table 3.1.

Table 3.1: Field tools and equipment

Team Inventory equipment
Team vehicle and 
communication

Personal items

Suunto Hypsometer 4 WD vehicle Leather boots

Calliper ( 650 mm ) Extra spare wheel Rubber boots 

Measuring tapes (30 meter)  Bull bars (front and back) Overalls 

Diameter tape HF Radio in vehicle Rain coats 

Suunto Precision compass VHF radio in vehicle Knife

Coloured fl agging tag rolls Extra jerry cans Mattress

Spherical densitometer Roof rack and tarpaulin Tent

GARMIN GPS receiver Generator and chargers Mosquito net

High Precision GPS1 Spade, hoe and machete Rucksack

Digital camera First aid kit Field manuals and species lists

Soil sampling equipment2 Maps of cluster locations Umbrella

Field forms VHF radio handheld units

Binoculars

Metal pegs for marking plot centres
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3.2 Data Collection

Th e NAFORMA project collected three basic types of data namely biophysical, socio-economic 

and governance and LULC mapping. Th e biophysical component constituted measurement of 

tree variables and determination of soil Carbon while socio-economic and governance component 

constituted household and key informant based data and/or information with regard to management 

and use of forests. Except for the LULC mapping, biophysical and socio-economic data were collected 

simultaneously within the clusters. Section 3.2.1 describes data collection for tree variables and soil 

Carbon while section 3.2.2 describes the quality assurance of the biophysical component. Section 

3.2.3 describes how socio-economic and governance data were collected and section 3.2.4 describes 

how LULC mapping was done. 

3.2.1 Tree variables and soil Carbon

Th e biophysical component of NAFORMA captured information on the extent and condition of 
the forest resources of Tanzania mainland. Th e biophysical information was collected through fi eld 
measurements of trees and observations of disturbances. In addition, soil sampling for determination 
of soil Carbon was done.  Th e tree variables measured are listed in Table 3.3. Detailed description 
of how tree measurements and soil sampling were done are available in the NAFORMA biophysical 
manual (MNRT 2011a) and website: www.mnrt.naforma.go.tz.

Th e biophysical and socio-economic data collection associated with a cluster was normally targeted to 
be achievable within one day of work. In places with diffi  cult terrain or dense vegetation, it could take 
longer.  On average, each fi eld team covered about 3.5 clusters (including the transfer time between 
clusters) in a week.  

Sampling design 

Th e selected statistical framework was double sampling for stratifi cation. Initially, a dense grid of 
clusters was overlaid on the map of Tanzania mainland at distances of 5 km x 5 km between the 
clusters – this was the fi rst phase sample. 

Based on predicted growing stock, accessibility and slope, the country was divided into 18 strata 
(Tomppo et al. 2014). Th e second phase samples were systematically selected from the fi rst phase 
sample, with diff erent sampling intensities in each of the 18 strata.  Higher sampling intensity was 
allocated to strata with high variation and high predicted growing stock while low sampling intensity 
was allocated to strata with low variation and/or low predicted growing stock. Th e second phase 
sample was the one measured in the fi eld.

Th ree scenarios for sampling intensities were developed matching three diff erent total cost models for 
the fi eld work: USD 1 million, 2.5 million and 4 million. Eventually, the USD 2.5 million model was 
selected as the optimal within the available resources.  Th e sampling design adopted by NAFORMA 
is described in detail by Tomppo et al. (2014). 

Based on the sampling design, a total of 3,420 clusters with 32,660 plots were adopted (Figure 3.1). 
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One quarter of the clusters were initially assigned to be permanent.  During the fi eldwork period 
(2010-2013), a total of 3,219 clusters (30,773 plots) were measured.  A total of 167 clusters (4.1%) 
were not measured for various reasons, mainly diffi  cult terrain and remoteness. 

 

Figure 3.1:  Location of NAFORMA sample clusters in Tanzania mainland

Plot design

Th e sampling unit was a concentric circular sample plot (Figure 3.2). Th e use of concentric plots in 
forest inventory aims at increasing the accuracy of the measurements and sampling intensity of large 
trees, and saving time. Th e concentric plot design ensures that small trees are measured in small plots 
and large trees (which constitute most of the biomass per unit area) are measured in large plots. Th is 
arrangement results in measuring approximately the same number of trees for the diff erent size classes.
In order to save time during the fi eld measurements, the plots were grouped in L-shaped clusters. Th e 
number of plots in a cluster varied from 6 to 10, depending on the estimated diffi  culty to access the 
plots. However, the number of plots per cluster was always the same within one stratum. Th e distance 
between plots within a cluster was 250 m (Figure 3.2). Th e distance between clusters varied from 5 to 
45 km (Tomppo et al 2014). 

Key:

Red dots
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Figure 3.2 Cluster and plot design

Land use

NAFORMA used nine Land use classes: production forest, protection forest, wildlife reserve, shifting 
cultivation, agriculture, grazing land, built-up areas, water body /swamp and other land. 

Vegetation type 

Vegetation type was recorded on all accessible plots.4 Th e NAFORMA vegetation classifi cation system 
was based on the land cover classes applied in the 1995 map by HTSL structured to fi t the FAO GFRA 
defi nitions (FAO 2013) of the four Global Land Cover Classes: forest, other wooded land (OWL), 
other land and inland water (Table 3.2).    

4  Where a plot had two distinct vegetation types the plot level information would be recorded separately for 

the subplots. Th e sampling design allowed for maximum two subplots per plot.   
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Table 3.2: FRA Global classes and NAFORMA vegetation classifi cation*

FRA 
Global 
Class

FRA Defi nition  (FAO 2010)
NAFORMA Vegetation 
Classes

Forest

Land spanning more than 0.5 ha with trees that have 

heights of more than 5 m and a canopy cover of more 

than 10%, or trees able to reach these thresholds in 
situ. It does not include land that is predominantly 

under agricultural or urban land use.

Forest:

Montane forest

Lowland forest 

Plantations

Mangroves

Woodlands:

Open woodland

Closed woodland

Other 

wooded 

land

Land not defi ned as “Forest”, spanning more than 0.5 

ha with trees higher than 5 m and a canopy cover of 

5-10%, or trees able to reach these thresholds; or with 

a combined cover of shrubs, bushes and trees above 

10%. It does not include land that is predominantly 

under agricultural or urban land use.

Bushland

Bushland thicket, 

Bushland open 

Bushland dense

Other land

All land that is not defi ned as “Forest” or “Other 

wooded land”. Grassland, 

Cultivated land   (including 

shifting cultivation)

Open land 

Other areas

Includes the sub-category “Other Land with Tree 

Cover”: Land considered as “Other land” that is 

predominantly agricultural or urban lands use and 

has patches of tree cover that span more than 0.5 ha 

with a canopy cover of more than 10% of trees able 

to reach a height of 5 m at maturity. It includes both 

forest and non-forest tree species.

Inland 

water

Inland water bodies generally include major rivers, 

lakes and water reservoirs.

Inland water

Wetlands

* Detailed information on vegetation classifi cation appears in Biophysical Field Manual (MNRT 2011a). 

Data variables

NAFORMA captured 118 biophysical variables through measurements and observations (Table 3.3). 
In addition, a plot centre photograph was taken in each measured plot to indicate the state of the 
vegetation at the time of fi eldwork.  In total, 19,515 plot centre photographs were taken in the 
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locations indicated by Figure 3.3. Photographs were taken in 63% of the accessed plots. Human 
error, camera failure, fl at batteries, and loss of camera, are among the reasons for not taking useful 
photographs in all plots.

Figure 3.3: NAFORMA plot centre photo locations and example from plot 9 of cluster 
156_62

Table 3.3: Biophysical variables captured during the NAFORMA fi eld work

Form 
No.

Information

1
Cluster description form: Data-tracking registry, access information, time study, 

administrative location, accessibility.

2

Plot: General plot description data, location, vegetation type, land use, and ownership, 

slope, canopy coverage, measuring time, non-wood forest products, human impact, damage 

(factors and severity), plot centre photo  and soil samples (only in permanent sample plots). 

3a Shrubs: Coverage, species and mean height of shrubs/bushes.

3b Regeneration: Number and species of seedlings.

4
Trees: Tree measurements (DBH ≥1 cm) concentric circular plots: Species, health and 

diameter (all trees) height, stump diameter and bole height (tally trees = every 5th tree).

5a
Dead wood measurements: Within 10 m plot radius. Length and diameter (top and 

bottom), species and degree of decay. Minimum dimension: 10 cm diameter – 1 m length.

5b
Stump measurements within 10 m plot radius: Species, stump height and diameter, 

estimated time of cutting.  Minimum stump diameter 10 cm.

6 Bamboo: Species, number of stems, average diameter and height.

7 Field crew contact details.
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In addition to data related to the woody vegetation, NAFORMA also collected soil samples in two 
plots in the permanent sample clusters. Th e soil samples were collected in all the TFS administrative 
zones except the Eastern zone.  Collection of soil samples aimed at ensuring REDD+ compliance of 
the NAFORMA information. 

Details of the soil sampling methodology are presented in biophysical manual (MNRT 2011a) which 
are available at the NAFORMA website (http://naforma.mnrt.go.tz). Soil Carbon mapping and 
calculations of SOC are found in ISRIC (2013) World information resources and METLA (2013) 
respectively. Th erefore NAFORMA, collected data for determination of above ground biomass, dead 
wood (DW) and soil organic Carbon (SOC). It further estimated below ground biomass (BGB) as a 
proportion of the AGB. NAFORMA did not capture information on the Carbon stock contained in 
litter.
 

Fieldwork logistics

Th e fi eldwork was undertaken in TFS administrative zones in the following order: Eastern, Southern, 
Southern Highlands, Western, Lake, Northern and Central Zone. Th e zones are shown in Figure 
3.4. Th e daily management of the fi eldwork was handled by the NAFORMA fi eld management 
team which consisted of the Assistant NPC and the National Consultant-Forest Inventory. Th e fi eld 
management team supervised the work of the 16 NAFORMA fi eld teams and two QA teams and 
handled practical operational matters during the fi eld implementation. In addition, the management 
team supervised the methodological correctness and use of instruments as instructed during training.
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Figure 3.4: TFS administrative zones

Timeline of the fi eldwork

Th e NAFORMA fi eld work started in May 2010 after the preparatory phase and ended in June 2013 
as shown in Figure 3.5. Th e work was conducted in periods of approximately three months followed 
by a four to fi ve weeks break period.  Breaks coincided with the holiday season in late December- early 
January and long rains in March –May.  

Before the fi eldwork started, an introduction letter was written to district and village governments 
by the Permanent Secretary of the MNRT asking for support and assistance for the fi eld crews. In 
the fi eld, each team leader contacted key staff  in the district, often the district forest offi  cer (DFO) or 
District Natural Resources Offi  cer (DNRO) for further introduction of the team to the wards. Th e 
clearly defi ned administrative set up and boundaries at district, ward and village levels proven to be a 
strong and unique framework in supporting implementation of NAFORMA. 

With the support of the recruited local workers, the fi eld team identifi ed a camping site and the easiest 
route to the cluster to be measured the next day. It was diffi  cult to fi nish a cluster in one day without 
a reconnaissance survey. 
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Figure 3.5: Timeline and progress of NAFORMA fi eldwork

Fieldwork constraints 

During fi eldwork, the following constraints were encountered:

(i) remoteness – walking distances from the vehicles to the clusters ranged from 21 km to over  

 65 km;

(ii) steep terrain, 

(iii) fl ooding;

(iv) denied access due to various reasons; 

(v) wide rivers to be crossed; 

(vi) threats from wildlife;

(vii) illness; and  

(viii) accidents;

 

3.2.2 Quality assurance 
In order to ensure quality of collected inventory data, NAFORMA formed two quality assurance 
(QA) teams.   Th e composition of the QA teams was similar to the regular team except that there was 
no socio-economic crew member.  QA was done by conducting control measurements in accordance 
with the NAFORMA Quality Handbook (MNRT 2011c)5. Th e QA teams completed the control 
measurements independently of the fi eld teams. 
 

5  For the full set of NAFORMA QA documents please see the NAFORMA website:  http://www.naforma. 

   tfs.go.tz/
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Th e fi eld teams were not aware which plots would be subject to QA measurements. In total, 300 or 
about 10% of the clusters were selected by the fi eld management team for QA re-measurements and in 
total 260 were accomplished.  A checklist for clusters that were subject to QA was developed and the 
results later entered into the NAFORMA database.  If deviations of measurements were observed by a 
QA Team, the information in the fi eld form was updated. All irregularities (Table 3.4) were noted  and 
where possible corrected by the QA team and thereafter reported back to the responsible team either 
by QA team or through the fi eld coordinators. Tree identifi cation proved to be the biggest challenge 
for the fi eld teams.

Table 3.4: Irregularities captured by the QA teams during the NAFORMA fi eld work

Irregularities detected by QA Share (%)

Wrong tree identifi cation 25.3%

Bearings of plot centre description features not measured 8.8%

Improper or no use of codes, e.g. ‘NA’ and ‘99’ 7.7%

Leaving out fi lling shared plots or indicating share (%) 6.0%

Tree redundance 6.0%

Inadequate plot centre description/referencing 5.5%

Wrong slope or no slope correction applied 4.9%

Improper or no painting of reference trees in permanent plots 4.9%

Not taking canopy cover measurements 4.4%

Wrong tree numbering or counting 3.8%

Wrong estimation of depth of organic layer 3.8%

Wrong recording of coordinates or recording skipped 1.6%

Other errors 17.0%

  100.0%

Th e QA team used the original data forms to check any irregularities in records. Normally, four plots 
per cluster would be checked (two in each leg of the cluster - randomly selected).  QA measurements 
were normally quicker than regular fi eld measurements. Th is was because the fi eld forms already 
provided the contact information of local helpers and the easiest way to reach the plot and because 
only a part of the plots were measured for QA and there was no socio-economic QA. 

Poorly performing teams were observed more closely and if mistakes persisted, the team composition 
was changed.. Well performing teams were congratulated by the fi eld management team and checked 
less frequently.  Th e general impression of the NAFORMA fi eld management team was that the 
presence of the QA teams and the feedback to the fi eld teams had a positive eff ect on the quality of the 
work delivered by the fi eld teams.
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3.2.3 Socio-economic and governance 
Socio-economic and governance data were collected through household and key informant interviews. 
Th e sampling design of the biophysical survey determined which forest adjacent households were to 
be interviewed. Th is design was adopted for fi ve main reasons:
 
(i) to capture the characteristics of people living adjacent to the  forest;
(ii) to allow for a close analytical link between the biophysical and socio-economic data; 
(iii) to capture incredibly rich variation (by regions and zones) throughout the country; 
(iv) the combination of the above three factors makes it possible to conduct robust policy 
 analysis of the underlying factors that aff ect the livelihoods of people, their forest-related   
 benefi ts and the biophysical conditions of forests; 
(v) the design is practical and cost-eff ective.
 
However, the design has some challenges including the fact that forested areas usually have less people 
than other areas and that the data collected from forest-adjacent communities cannot be projected to 
represent the entire Tanzanian mainland population. To address this challenge, published tables for 
determining sample size were used during analysis to select regions and zones with relatively good 
precision (+/- 7%), and describe others in relation to this precision level.

Figures 3.6a and b show a typical biophysical cluster and the 2 km radius from the cluster centre 
within which the households were selected for socio-economic interviews. However, where there were 
no households within the 2 km, the radius was extended to 10 kilometres. Even with this increase in 
radius, some clusters had no households to interview.    

   
 

Figure 3.6a: Layout of a biophysical cluster 
and the socio-economic sampling zone

Figure 3.6b: Household selection 
procedure within a biophysical cluster

Household interviews, were planned to be conducted in 50% of the NAFORMA sample clusters (i.e. 
all permanent sample clusters and 33% of the temporary sample clusters). Th e selection of temporary 
clusters to be included in the interviews was done randomly. A total of 3,483 households within 1,066 
clusters were interviewed. Figure 3.7 shows the distribution of sampled clusters. Gaps indicate sparsely 
populated/uninhabited areas to a large extent coinciding with major wildlife protected areas (National 
Parks and Game Reserves).
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Figure 3.7: Distribution of socio-economic samples

In addition to household interviews, a total of 1,118 key informants were interviewed throughout 
the country. Key informants included DFOs, NGO representatives, village elders, local property 
owners and other individuals with considerable knowledge about local forest use. Th e informants were 
selected by the team leader with the help of the local forestry sector authorities, such as TFS personnel 
and representatives of NGOs working on forestry in the area. In summary, individuals selected for 
key informant interviews were persons with special interests, skills and knowledge with regard to the 
forest resources. 

3.2.4 LULC mapping

One of the objectives of NAFORMA was to produce a LULC map. Th e rationale of producing the 
current LULC map was that:

(i) there was a need to access basic countrywide information on the forest cover change;

(ii) there was a need to contribute to the national database and support national policy processes  

 and programmes; and 

(iii) there was need to strengthen the technical capacity of TFS staff . 
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3.2.5 Approach and procedures
 
An updated mapping approach for obtaining classes and coverage of diff erent LULC was developed. 
Th e approach took into account the heterogeneity of LULC classes in the country and the format 
of dataset preferred by most of the stakeholders. During initial consultations with key stakeholders, 
it was found that the majority preferred vector format, i.e. shapefi les because it is easier for them to 
work with, rather than raster data. Most of the data and past LULC datasets in Tanzania mainland, 
e.g. HTSL and Africover maps, are in vector format. Figure 3.8 summarizes the steps followed during 
the production of LULC map.

During the course of producing the LULC map, the team used open source tools developed by the 
FAO and spearheaded by FAO-FIN Forestry Programme.  Specifi cally, Open Foris Geospatial Toolkit 
command-line utilities for image processing were used. Th is included scripts to run Landsat Ecosystem 
Disturbance Adaptive Processing System (LEDAPS) and Random Forest Classifi er (RFC). Among 
others, the open source tools have the potential of minimizing cost by reducing ongoing software 
licence and support costs, hence addressing sustainability. 

Figure 3.8: LULC Mapping methodology fl owchart

3.2.6 Development of LULC Legend
Development of a legend is a key activity to the production of a LULC map. Based on the review of 
diff erent legends, an initial overall legend was developed and discussed by stakeholders. Th e legend 
(Table 3.5) is based on the 1995 HTSL map. It is a hierarchically structured classifi cation system 
starting with structured broad-level classes, which allow further systematic subdivision into more 
detailed sub-classes. At each level, the defi ned classes are mutually exclusive. At higher levels of the 
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classifi cation system, few diagnostic criteria6 are used, whereas at the lower levels, the number of 
diagnostic criteria increases. A detailed description of the LULC classes is provided in the NAFORMA 
Biophysical survey fi eld manual  (MNRT 2011a).

Table 3.5: NAFORMA LULC legend
No. Level 1 Class Level 2 Class Text Code Numerical Code

1 FOREST Humid Montane Fhm 101

Lowland Fl 102

Mangrove Fm 103

Plantation Fp 104

2 WOODLAND Closed Woc 201

Open Woo 202

With scattered cultivation Wosc 203

3 BUSHLAND Th icket Bt 301

Bushland Bl 302

With scattered cultivation Bsc 303

4 GRASSLAND Grassland Gl 401

5 CULTIVATED LAND Wooded crops Caf 501

Grain and other crops Cwc 502

6 OPEN LAND Bare soil Bsl 601

Rock outcrop Ro 602

Ice cap/snow Ice 603

7 WATER FEATURES Ocean Wo 701

Inland water Wi 702

Wetlands Wl 703

8 BUILT-UP AREAS Settlements 801

Mining 802

3.2.7 Image selection and acquisition
 
Landsat 5 images were the major source of data for the LULC mapping.  In some areas, it was not 
possible to get recent Landsat 5 scenes, thus Landsat 7 Enhanced Th ematic Mapper (ETM)+ Scan the 

6 Diagnostic criteria are the ordering or arrangement of objects into groups or sets on the basis of their   

 relationships (Sokal, 1974).

Line Corrector (SLC)-off  images  were used. Landsat 7 ETM+ SLC-off  data refers to all Landsat 7 
images collected after 31st May, 2003, when the SLC failed. Th ese products have data gaps, but are 
still useful and maintain the same radiometric and geometric corrections as the data collected prior to 
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SLC failure.

All the images were freely downloaded from United States Geological Survey (USGS) website.  In 
addition, in order to get more ground details, high-resolution images (QuickBirds and SPOT) from 
the Google Earth (GE) were used.
 
About 200 Landsat images were evaluated for image processing. Th e target was, images acquired 
during dry season (July-November), not later than 2009, and with cloud cover not exceeding 10%. In 
some areas, it was not possible to get the desired images. Consequently, images acquired during rainy 
season or images with higher cloud cover were used. 

3.2.8 Image pre-processing

Before processing and analyzing remotely sensed images, it is recommended to apply appropriate 

pre-processing methods to the imagery. Th ese enhance the quality of the image data by reducing 

or eliminating various radiometric and geometric errors caused by internal and external conditions 

(Lillesand and Kiefer 1994).  Th e reduction or elimination of these errors between scenes (normalization 

of conditions across space) is of particular importance when multi-spatial datasets (several image 

scenes) are used as this will allow direct comparison of the diff erent images. 

In the case of NAFORMA, LEDAPS was adopted because it processes Landsat imagery to surface 
refl ectance using atmospheric correction algorithms and uncertainty analyses. Th e SLC-Off  images 
were gap-fi lled using an algorithm developed by FAO-FIN technical staff .

3.2.9 LULC classifi cation 

Th e classifi cation included a combination of digital and visual image interpretation. A number of 
digital classifi cation algorithms, including Maximum Likelihood Classifi er (MLC), K-Nearest 
Neighbour (K-NN), and RFC were tested. Based on visual interpretation of the test results, RFC was 
chosen because, it produced a result that was closest to the ground observation compared to the results 
from other algorithms. 

Random forest classifi cation

Th e procedure for classifi cation using RFC is fairly straight forward. It involved the following steps: 

(i) downloading and installation of r;
(ii) installation of packages to support RFC (maptools, randomforest, raster,    
 rgdal, sp, time);
(iii) digitizing training areas;
(iv) editing the script; and 
(v) running the RFC script.
Signatures for diff erent LULC classes were identifi ed and digitized as polygons and saved as shapefi les 
using ArcGIS and ArcView software. Enhanced colour composite (R, G, B 4, 5, 3) was used for the 
interpretation and delimitation of the LULC classes.
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Post processing of the output from RFC was done as follows: 

(i) majority fi ltering;
(ii) clumping;
(iii) elimination; and
(iv) conversion from raster to vector.

Visual image interpretation

Visual image interpretation was used to extract agriculture related LULC classes, i.e. grains and other 
crops, wooded crops, cultivated woodland, and cultivated bushland. Th is was done because it was not 
possible to accurately and consistently extract them digitally. Th e classes were digitized on-screen from 
enhanced colour composite (R, G, B 4, 5, 3) using ArcGIS and ArcView software.

Collection of ground truthing data.

Th ree sources were used for the collection of ground truthing data:
 

(i) Field observation: targeted fi eld observations were conducted to confi rm LULC classes   

  identifi ed during preliminary image interpretation. Hand held GPS and camera were used as   

  major tools. 

(ii) Forest inventory photographs: plot centre photographs taken by forest inventory teams were  

  georeferenced and used to assist image interpretation and verifi cation of mapped LULC classes  

  (Figure 3.9).

Figure 3.9: Georeferenced photographs hyperlinked with image interpretation
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(iii) Th e use of Google Earth (GE) Images: Due to their high spatial resolution, GE images   

  were very useful in confi rming and verifying some of the interpreted LULC classes.    

  Th e image interpretation was overlaid on and compared with the GE images (Figure 3.10). Th e  

  acquisition dates of GE images were checked to ensure that they were not very diff erent from  

  that of Landsat image.  A diff erence of at most two years was allowed.

Figure 3.10: Image interpretation (red polygons)  overlaid on GE images

Final Processing

After editing the preliminary image interpretation and basing on ground truth information, further 

editing and production of LULC map was done as follows:

(i) cleaning:  topology errors were identifi ed and cleaned using edit and clean extensions in   
 Arcview. Th e process also included organizing the attribute data;
(ii) re-projection: the coverage from each scene was re-projected to the gcs_arc1960 projection;
(iii) mosaicing: the coverage from all scenes were then merged, i.e. mosaic, using geo-processing 
 tools in ArcGIS (erase and merge); and 
(iv) cartography: using ArcGIS cartographic tools, a master layout scheme was developed. Th e  
 map contains scale, title, legend, coordinate system, and other standards.  Th ree sets of   
 maps were produced: A0 and A1 sizes covering the entire Tanzania mainland and tiles at   
 1:250 000 scale7.

3.3 Data management

Data management involved all stages of handling, processing and securing data from the fi eld to 
analysis. Th e stages are indicated in Figure 3.11.

7  Country level LULC NAFORMA maps are available at http://www.mnrt.naforma.go.tz/ 
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Figure 3.11: Flow of the fi eld data

3.3.1 Field data delivery
 
Each fi eld form had a table for tracking the work done. Each person handling the fi eld data had 
to indicate their name, date of work and sign to certify that the work was completely and correctly 
performed.  Th e work processes captured on the fi eld form were data registration in the fi eld, checking 
of fi eld forms in the fi eld, data entry in the offi  ce and data cleansing in the offi  ce.

A fi eld data delivery form was introduced to track the delivery of fi eld forms from the fi eld teams 
to the fi eld management team and onwards to the NAFORMA offi  ce.  Th e delivery of completed 
cluster fi eld forms was recorded for all cluster numbers along with the date of submission to the next 
level. Th e hand over was confi rmed by signature of deliverer and receiver. Keeping a good track of 
the delivery of the fi eld forms was essential as they represented a large investment in time and money 
(approximately USD 1000 per fi lled out fi eld form). Any loss of fi eld forms would have seriously 
aff ected the project progress. To avoid loss, fi lled out fi eld forms and soil samples were transported to 

NAFORMA HQ in Dar es Salaam and SUA respectively using project vehicles. 

3.3.2 Data entry and cleansing

At the NAFORMA Offi  ce, the fi eld forms were registered and submitted to the data management 
team for entry and cleansing using the OpenForis Collect (OF-Collect) database application.  Initially, 
data entry was done in the fi eld. However, due to various constraints (poor working conditions, 
logistical challenges and low quality outputs due to staff  working in isolation and under little daily 
supervision), this activity was centralized. Due to underestimation of data entry task, inadequate 
motivation of TFS staff  involved and system down time (i.e. in connection with the then ongoing 
development of database application), there was a backlog. Th is necessitated hiring of extra staff  as well 
as improvement of motivation package.

During data entry, OF-Collect was used to enter the data contained in the fi eld form into a database 
exactly as it was written in the fi eld form.  In order to minimize possible data entry errors, the entered 
fi eld forms were further cleansed in the OF-Collect application. In doing so, the system stored a 
copy of the original data, which makes it possible to retrieve the original data. Also, all the original 
NAFORMA fi eld forms were stored in an orderly fashion at the Forest Resources Monitoring and 
Assessment (FRAM) unit of TFS.

OF-Collect contains a number of logical rules to highlight values that cannot be accepted by the 
database application (errors) and values that seem improbable and need double checking (warnings) 
before accepting.  All errors detected by OF-Collect had to be cleared before a cluster form is submitted 
for analysis.
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Th e logical rules of OF-Collect provide a safeguard that the most deviating outliers are highlighted 
and the data cleanser has to make a professional decision on how to clear the error.  When needed, this 
was done in consultation with colleagues and the management of NAFORMA to ensure coherence 
in the approach and the same interpretation across the data-management team based on the best 
professional judgment. 

3.4 Data analysis  

Analyses of biophysical and socio-economic data were done using the OpenForis Calc. Th e Open-

Foris tools are described in the FAO website (www.fao.org/forestry/fma/openforis/en/) and on the 

OpenForis wiki-page (www.openforis.org/OFwiki/index.php/Main_Page). 

Biophysical data

Biophysical data analysis aimed at computing forest stand parameters namely number of stems per ha 

(N), basal area per ha (G), volume per ha (V) and biomass per ha. It was also important to estimate 

total number of stems, basal area, volume, biomass and Carbon for each land use category and 

therefore total values for the entire Tanzania mainland. For this purpose, area estimate for each land 

use category was required.

Number of stems and basal area

Th e number of stems and basal area per ha were computed using standard procedures.

Tree volume

Tree volumes were calculated using six diff erent models for diff erent species or species groups. Except 

for woodlands, the models do not include branches and twigs. Th e models used are:

(i) Eucalyptus grandis    V = 0.000065 x DBH1.633 x H1.137 (Malimbwi and Mbwambo 1990);

(ii)  Pinus patula  (pine)  V = 0.00002117 x DBH1.8644 x H1.3246 (Malimbwi  1987);

(iii) Tectona grandis      V = 0.0001 x DBH1.91 x H0.75  (Malimbwi et al 1998);

(iv) Dalbergia melanoxylon V = 0.00023 x DBH2.231 (Malimbwi et al 2000);

(v) Woodlands   V = 0.0001 x DBH2.032 x H0.66 (Malimbwi  et al 1994); and

(vi) Other vegetation types       V = 0.5 x pi x (0.01 x DBH / 2)2 x H (Haule and Munyuku 1994).

where,

V             = volume (m3 solid measure of the tree stem only);

DBH =  diameter at breast height (1.3 m)

H  =  total tree length (m) 

Tree length of living sample trees was measured from ground level to the top of the tree. Sample trees 
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data was applied using a naive Bayesian8 model for predictions of trees without measured length.

Biomass

Forest Carbon was estimated in three pools namely AGB, BGB and DW. BGB was estimated as a 

fraction of AGB.  AGB and BGB were estimated as follows: 

(i) AGB (tonnes/ha) = (Tree stem volume (m3/ha) * wood density(kg/m3))/1000; and

(ii) BGB (tonnes/ha) = AGB * 0.25 (as default), or specifi c root to shoot ratios.

Th e following constants were used in the NAFORMA analysis: 

Wood density 

- Pines     390 kg/m3

- Dalbergia melanoxylon (Mpingo)   1060 kg/m3

- Humid montane forest   580 kg/m3

- Other woody vegetation   500 kg/m3

Biomass Expansion Factor (BEF):   not used, only bole biomass calculated

Default carbon conversion factor:   0.47 9 

Root/shoot conversion ratios:      Default 0.25

- Lowland forests                 0.37

- Humid montane     0.27

- Bushland       0.40

- Open woodland, scattered cropland    0.37 

- Grassland      0.37

- CL:herbaceous crops, CL:grain crops   0.37  

- Wooded grassland ,     0.37

- OL:Coastal bare land, bare rock    0.37

- Wa:Ocean, Inland water built-up areas   0.37        

- Mangroves, closed WL, WL:AF systems, wooded crops  0.28

- Plantations      0.20

Deadwood biomass

8  A naive Bayes classifi er is a simple probabilistic classifi er based on applying Bayes› theorem with strong (naive) i
ndependence assumptions; in R a function  random eff ect is applied so that it measures the diff erence between the average 

score of tree species’ length and the average score in the entire tree population and it is “random” because the trees have 

been randomly selected from a larger population of trees

9  Zahabu (2008) used a biomass-carbon ratio of 0.49 (with references to MacDicken, 1997; Brown, 1997;  

  Brown, 2003).

DW biomass was estimated from the volume computed using Smalian formula multiplied by wood 

density. 

Carbon

Carbon was computed as follows:

Carbon (tonnes/ha) = Biomass (tonnes/ha) * 0.47
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Determination of land area

Land area of each stratum was determined using the fi rst phase sample and the known land area of 

Tanzania mainland. Th e proportional area estimate of a domain category (e.g. vegetation type, land 

use, ownership) in each stratum based on the second-phase sample was estimated using the ratio of 

the number of the second-phase plots on the domain category and the number of the second-phase 

plots on the stratum. 

Finally, the estimated land area of each domain within strata was calculated using these proportions 

and total areas of the strata. Consequently, the mean estimates for domain categories strata were 

computed using the estimated stratum totals and areas. Detailed description of the procedure is given 

by Tomppo (2014).

Wood balance
 
Wood balance analysis was carried out using the NAFORMA inventory data and best available 

information on wood loss. MAIs adopted were from related research (Malimbwi 1987; Malimbwi 

& Philip 1989; Mgumia 2013; Zahabu 2001; Klitgaard & Mikkelsen 1976; Schaafsma et al. 2014; 

Treue et al. 2014) and when it was not available in the literature, expert opinion on yield or percentage 

growth of the stock was used. AAC was obtained as a product of MAI and the area of the land cover 

category excluding protected areas. 

Th e loss (consumption and deforestation) was estimated based on available literature on demand 

for various wood products and loss through deforestation (Malimbwi and Zahabu 2009; FAOSTAT 

2014; Preston 2012; Schaafsma et. al. 2014; FAO Forest Products Yearbook 2011). 

Socio-economic data

Household and key informant data were pre-coded in the questionnaire. Th e coded data were entered 

into excel spreadsheet and stored as excel fi les before being exported or uploaded into the database 

(OF-Collect) and analysed using Open Foris Calc to generate descriptive statistics. 
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4.1 Biophysical results

NAFORMA biophysical results show that the total forest area is estimated to be 48.1 million ha, 
which is 55% of the total land area of Tanzania mainland. Woodlands occupy 44.7million ha or 92% 
of the total forest area.  Total wood volume is 3.3 billion m3. An example of the level of sampling 
errors is presented in Table 4.1. Th e high number of sample plots by vegetation type contributed to 
the relatively small sampling error of the baseline information.
 

Table 4.1: Sampling errors and relative sampling error estimates by primary vegetation type

Primary vegetation type
Number 

of sample 
plots

Mean volume 
(m3/ha)

Sampling 
error (m3/ha)

Relative 
sampling 
error (%)

Forest13 1,594 111.84 8.09 6.87

Woodland 15,640 55.11 1.13 2.02

Bushland 2,671 21.85 1.76 8.91

Grassland 2,742 5.70 0.62 10.10

Cultivated land 6,067 11.76 1.14 10.13

Open land 85 5.72 2.73 45.14

Water 405 9.19 4.22 42.95

Other areas 656 16.79 4.17 22.96

Th e total volume reported includes the volume of Adansonia digitata trees. It is estimated that there 
are 23.6 million A. digitata trees with an average volume of 6.5 m3 per tree. Th is is equivalent to 147.5 
million m3, which is about 4% of the total volume.
 

4.1.1 Area and distribution of growing stock by main vegetation types

Table 4.2 shows the total area and distribution of growing stock by vegetation types while Figure 4.1 
shows the distribution of the growing stock by vegetation types. Forests cover 3.4 million ha, which 
account for 11.3 % of the growing stock. Woodlands cover 44.7 million ha and contain 73.9% of 
the growing stock. Th e remaining 40.1 million ha are TOF10, which constitute 14.8% of the growing 
stock.

13  Th e term TOF (trees outside forest) is used by the FAO/FRA to report those trees that are not included in 

forest and woodland classes.

4.0 RESULTS 
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TOF provide products such as fuelwood, timber, animal fodder, fruits, as well as services like protection 
against soil and wind erosion, and shade for humans and animals and ornamental purposes. Trees on 
agricultural lands may be grown in woodlots, along farm boundaries (e.g. Eucalyptus sp. or wattle); 
other e.g. nitrogen fi xing species (Calliandra sp, Sesbania sp) may be interspersed with crops in fi elds 
such that in addition to providing a range of products and services, the trees improve soil fertility and 
thus enhance agricultural production.

Table 4.2: Area and distribution of growing stock by main vegetation types

Primary 
Vegetation type

Area 
ha

Volume
1000 m3

Volume
m3/ha

No. of trees/ha Basal Area 
m2/ha

Forest 3,364,457           374,962 111.8 2031 14.8

Woodland 44,726,246        2,456,252 55.1 1053 8.3

Bushland 6,445,471           140,324 21.8 2009 5.0

Grassland 8,242,245             46,838 5.7 227 1.2

Cultivated 

land
22,248,092           260,661 11.8 354 2.0

Open land 252,516               1,439 5.7 608 1.4

Water 1,162,552             10,647 9.2 117 1.5

Other areas 1,892,720             31,669 16.8 298 2.8

Total/mean 88,334,300        3,322,791 37.7 877 5.8

Th e average volume of the growing stock in forests is 111.8 m3/ha, which is twice as large as that of 
woodlands (55.1 m3/ha). However, the area of woodlands is larger than that of forests by 13.3 times.

Figure 4.1: Growing stock by main vegetation types 
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Trees in water are mainly trees in swamps and wetlands while trees in other areas are mainly trees in 
settlements, e.g. aesthetic or roadside plantings.

Table 4.3 provides the detailed breakdown of growing stock to vegetation types. Th e average growing 
stock of all vegetation types for Tanzania mainland is 37.7 m3/ha.  Th e average growing stock varies 
within the vegetation types from 1 m3/ha in open grassland to 171 m3/ha in humid montane forest. 
Th e vegetation class “Mixed tree cropping” under cultivated land category has a growing stock of 64.8 
m3/ha, which is almost equal to that of plantations (64.1 m3/ha), signifying their importance in local 
wood production. About 97 % of the growing stock is contributed by natural forests and only 3 % 
by planted trees.

Table 4.3: Growing stock by vegetation types
Primary 
Vegetation
Type

Detailed 
Vegetation 

Type
Area/ha Volume

Volume 
m3/ha

Trees/ha Basal Area 
m2/ha

Forest
Humid 

montane
      995,300      169,541 171.0 1871 20.0

   Lowland     1,656,500      162,300 98.3 2331 14.2

   Mangrove       158,100          7,696 48.8 3403 10.8

   Plantation       554,500        35,426 64.1 1033 8.1

Woodland
 Closed 

(>40%)
    8,729,000      691,751 79.5 1462 11.5

 
 Open (10-

40%)
  35,997,300   1,764,501 49.2 954 7.5

 

 Scattered 

cropland 

(Unsp. density)

    2,530,900        59,243 23.5 983 3.8

Bushland  Th icket       971,900        19,812 20.5 2992 5.5

   Dense     2,012,400        54,987 27.4 2625 6.4

 
 Emergent 

trees
      309,400          8,057 26.1 1373 5.0

 
 Th icket with 

emergent trees
      308,300        11,034 35.9 2118 7.4

   Open     2,843,500        46,434 16.4 1295 3.6

 
 Scattered 

cultivation
    1,162,700        15,654 13.5 1870 3.2

Grassland  Wooded     4,712,300        41,741 8.9 307 1.9

   Bushed       438,900          2,723 6.2 683 1.2

   Open     3,091,100          2,373 0.8 40 0.2

 
 Scattered 

cropland
      593,600          2,791 4.7 201 0.9

Cultivated land
 Agro-forestry 

system
    1,373,000        17,131 12.5 229 2.4

   Wooded crops     1,521,100        30,759 20.3 571 4.0
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 Herbaceous 

crops
    5,045,400        39,192 7.8 168 1.4

 
 Mixed tree 

cropping
      154,700          9,981 64.8 783 7.7

   Grain crops     9,866,700        85,910 8.7 97 1.5

Open land  Bare soil       161,100             985 6.1 589 1.4

   Salt crusts          18,300               90 4.9 181 1.2

   Rock outcrops          73,100             364 5.0 758 1.3

Water  Inland water       154,700          2,271 14.7 103 1.9

   Swamp     1,007,900          8,376 8.3 119 1.4

Other areas Unspecifi ed     1,892,700        31,669 16.8 298 2.8

Total     88,334,300   3,322,791 37.7 877 5.8

4.1.2 Total area distribution by vegetation types and land-use classes

Vegetation type

Table 4.4 shows that forests take up only a minor (4.2%) part of the land area of Tanzania mainland 
while woodlands which cover 50.4% are the main vegetation type followed by cultivated land, which 
covers 24.4% of the land area. Bush and grasslands combined cover 17.2% of the land area.

Table 4.4: Land area distribution by vegetation types in by zone
Primary 
vegetation 
type

Eastern Southern Southern

Highlands

Central Lake Western Northern Average 
for 

Tanzania 
mainland 

Forest4 8.7% 4.9% 4.4% 0.5% 2.5% 2.4% 5.9% 4.2%

Woodland 53.1% 67.2% 52.5% 41.0% 28.1% 59.2% 40.9% 50.4%

Bushland 8.0% 3.7% 5.0% 17.1% 2.8% 3.1% 14.6% 7.0%

Grassland 13.8% 2.1% 9.4% 5.6% 21.3% 5.2% 16.7% 10.2%

Cultivated 

land 12.1% 18.9% 24.4% 32.1% 40.6% 27.0% 18.8% 24.4%

Open land 0.5% 0.2% 0.3% 0.2% 0.3% 0.2% 0.6% 0.3%

Water 1.5% 1.6% 1.4% 1.7% 1.2% 1.1% 0.4% 1.3%

Other 

areas 2.4% 1.4% 2.6% 1.8% 3.3% 1.9% 2.0% 2.2%

TOTAL5 100% 100% 100% 100% 100% 100% 100% 100%

Lake and Central Zones have the smallest proportion of their land area taken up by forest, woodland 
and bushland vegetation.



National Forest Resources Monitoring and Assessment of Tanzania Mainland36

Main Result

Land use

According to land use classifi cation, nearly 20 million ha or 22.7% of the land area is occupied by 
production forests (Figure 4.2). About 7% of the land area is classifi ed as shifting cultivation.  Shifting 
cultivation areas are large and contain forests in various stages of re-growth that will not recover fully 
into forest due to the practiced farming system.
 
About one third (32.5%) of the country’s area is protected either as protection forests or wildlife areas 
while agriculture (including shifting cultivation) takes up about another one third (29.9%). 

 

Figure 4.2: Land use distribution in Tanzania mainland

4.1.3 Distribution of forests and woodlands types by zones 

Table 4.5 shows that almost all forests in the Northern zone are humid montane while most of the 
forests in the Western, Southern and Eastern zones are lowland forests. Th e table further shows that 
there is high concentration of plantation forest in Southern Highlands zone.

 Table 4.5: Distribution of forest and woodland areas (ha) by vegetation types and zones 
Vegetation 
type

Eastern Southern Southern 
Highlands

Central Lake Western Northern

Forest: 

Humid 

montane

     274,823 
         

70,169 

       

175,622 
       38,544      194,815        24,023      418,916 

Forest: 

Lowland
     681,772 

       

610,118 

         

65,340 
         2,802        16,924      240,331        91,141 

Forest: 

Mangrove
     153,423 

         

37,899 
- - - -          2,081 
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Forest: 

Plantation
       16,180 

           

3,095 

       

558,227 
         2,559        85,427        10,533        44,605 

Woodland: 

Closed 

(>40%)

 1,822,100 
    

1,847,086 

       

838,212 
     763,517      537,505  1,869,029      363,751 

Woodland: 

Open (10-

40%)

 5,045,878 
    

8,140,873 

    

8,707,824 
 2,945,331  2,843,421  4,896,585  3,517,603 

Forest and 
Woodland 
Total

 7,994,176 
 

10,709,239 

 

10,345,226 
 3,752,886  3,678,091  7,040,570  4,438,097 

Most woodland areas in Tanzania mainland are open type with 10-40% tree canopy cover. Open 
woodlands cover about 41% of the land area and account for 53 % of the growing stock. Th e largest 
areas of woodlands are found in the Southern and Southern Highlands zones, each having more than 
10 million ha.

4.1.4 Distribution of forests and woody vegetation resources by regions

Table 4.6 summarizes the distribution of forest and woody vegetation resources by regions. Morogoro, 
Lindi, Ruvuma, Mbeya, Tabora and Katavi regions have the largest wood volumes. Th e average 
number of trees per ha is 876, varying from less than 200 in Simiyu to about 1,700 stems in Mtwara 
region. Th e relatively large number of trees per ha is due to the methodology used by NAFORMA 
of measuring all trees with DBH of one cm and above. When the number of trees in one ha exceeds 
1,000, it may demonstrate that most of the trees are small. In forest plantations these may be young 
stands while in natural forests, it indicates good regeneration.

Katavi, Lindi, Ruvuma and Mbeya regions are the most forested. More than 70% of the land of these 
regions is covered by forests and woodlands. 

Table 4.6: Distribution of forest and woody vegetation resources by regions
Zone Region Total area 

ha
Mean 

volume m3/
ha

Total vol-
ume

Million m3

Number of 
trees /ha

Forest + 
wood-

land, % of 
land area

Forest + 
wood-

land, m3/
ha

Dar es 

Salaam

        

150,809   24.9 3.7 704 32.5 53.4

Eastern Morogoro

     

6,886,883   54.8 376.2 1,268 63.6 76.7

Pwani

     

3,196,403   37.4 118.9 1,508 58.7 54.5

Lindi

     

6,785,532   55.2 372.8 1,622 77.2 64.1

Southern Mtwara

     

1,794,853   43.4 77.5 1,685 41.4 81.1
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Ruvuma

     

6,338,030   52.6 332.0 968 74.6 64.9

Rukwa

     

2,167,494   29.7 64.1 454 41.2 57.0

S. 

Highlands Njombe

     

2,194,407   26.5 58.0 641 37.0 52.2

Iringa

     

3,453,694   37.2 127.8 762 52.1 57.3

Mbeya

     

6,106,391   52.3 318.2 786 70.6 69.7

Manyara

     

4,469,962   19.9 88.4 588 45.5 32.8

Central Dodoma

     

4,183,192   28.3 117.8 685 32.8 45.3

Singida

     

4,856,938   25.8 124.7 930 45.7 40.1

Mara

     

2,189,924   9.4 20.4 289 15.7 34.5

Simiyu

     

2,345,074   8.5 19.9 186 18.0 30.8

Lake Mwanza

     

1,092,257   13.3 14.5 284 14.3 61.3

Kagera

     

2,527,312   25.1 63.3 763 54.3 39.1

Geita

     

2,098,555   34.5 72.1 674 48.1 60.8

Tabora

     

7,595,994   39.8 301.3 689 61.2 58.9

Western Shinyanga

     

1,853,931   11.5 21.3 425 17.1 48.2

Kigoma

     

3,819,825   42.4 161.4 534 60.4 61.0

Katavi

     

4,342,814   59.4 256.9 730 82.7 69.2

Kilimanjaro

     

1,250,496   38.5 47.9 579 48.6 66.2

Northern Arusha

     

3,822,918   15.3 58.3 693 43.5 28.9

Tanga

     

2,810,612   41.1 115.2 1576 47.9 67.6

 Total /
average

   
88,334,300   37.9 3,332.7 876 54.6 59.4

At district level (not reported in Table 4.6), only seven districts had more than 60 m3/ha average 
stocking. Th ese are Chunya, Mpanda, Nanyumbu, Kibondo, Ulanga, Namtumbo and Kilombero. Th e 
highest stocking of 67.7 m3/ha was recorded in Ulanga district. Shinyanga, Simiyu, Mara, Mwanza 
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and Geita regions (Figure 4.3) where livestock keeping is a signifi cant occupation, have the least forest 
areas as well as smallest growing stock. Th ese regions are also dominated by grassland and/or bushland. 
Moreover, Shinyanga, Kwimba, Kishapu, Busega, Monduli, Serengeti and Mkalama districts have 
forest stocking of less than 10 m3/ha. 

Figure 4.3: Average growing stock and forest and woodland share of total area

4.1.5 Distribution of forests and woodlands by ownership

All land in Tanzania is considered public land, which the President holds as trustee for the people. Th e 
Land Policy of 1995, the Land Act Cap 113 [R.E. 2002] and Village Land Act Cap 114 [R.E. 2002] 
set out the fundamental principles guiding land rights and management. Th e Land Act classifi es land 
in three categories: (1) reserved land; (2) village land; and (3) general land. Th e NAFORMA land 
ownership classifi cation is based on the land management responsibility as follows:

Central government land  Land administered by central government agency such as TFS or  
    parastatal such as Tanzania National Parks (TANAPA);

Local government land   Land administered by Local Government Authorities (LGAs)
    and includes forest reserves decentralized to LGAs in the 1970s;
Village land   Land held and administered collectively by village residents 
    under customary law and Village Land Act Cap 114 [R.E. 2002]  
    and includes communal land and land held by individuals;
Private land   Th is is a category that covers all tenure right types giving 
    individual or collective occupancy rights within village, general  
    or government lands. Th ese tenure types are (1) customary 
    right of occupancy, (2) granted right of occupancy, (3) leasehold  
    and (4) residential licence;
General land   Th is includes land which is not reserved, not occupied or unused  
    village land;

Not known   Th e ownership and management responsibility of the measured  
    plot was not established.
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Table 4.7: Distribution of forest and woodland areas (ha) by zone and ownership classes

Zone
Central    

government 
land

Local 
government 

land

Village 
land

Private 
land

General
 land

Not 
known

No 

Data*
Total

Eastern 3,062,157      368,614 2,852,033 456,198 1,252,380 2,794       -  7,994,176 

Southern 2,974,416      545,042 6,152,681 351,238 661,145 10,655    

14,062 

10,709,239 

Southern 

highlands

 2,971,393      450,469 4,988,416 1,372,067 552,162       -      

10,719 

10,345,226 

Central  1,369,704        51,173 1,951,390 296,443 18,302  55,696    

10,178 

3,752,886 

Lake  1,837,544      148,144 1,331,398 357,942 3,063    -       -   3,678,091 

Western  3,094,301  1,138,519 2,229,293 394,290 167,958 2,174    

14,035 

7,040,570 

Northern  1,257,710      395,668 2,403,063 277,019 77,566 27,070     -   4,438,097 

Total  16,567,224  3,097,631 21,908,274 3,505,198 2,732,575 98,389 48,994  

47,958,28511 

Total(%) 34.5% 6.5% 45.7% 7.3% 5.7% 0.2% 0.1% 100.0%

* Data on ownership was not recorded

Th e table further shows that the general land covers 2,732,575 ha whereas the National Forest Policy of 
1998 reports the area to be 19,038,000 ha (URT, 1998). Th is diff erence may be due to new defi nition 
of general land in the Village Land Act Cap 114 [R.E. 2002].
 
Th e shares of the Central and Local government forest and woodland ownership are 34.5% and 6.5% 
respectively. According to NAFORMA survey data, the Southern zone has 57.4% of the forest and 
woodland areas under village ownership.

4.1.6 Most common tree species

NAFORMA fi eld survey captured 1,593 tree species belonging to 528 genera and 120 families. Th is 
refl ects high biodiversity of tree species (Figure 4.4). 

 

11 During the fi eldwork the villagers were asked about ownership of the forest, the fi gures on ownership   

 refl ect the answers provided. 

Table 4.7 shows that villages are the main owners of forest and woodland in Tanzania mainland with 
45.7% share. Southern and Southern Highlands zones with more than 11 million ha represent more 
than half of the village-owned forest lands in the country.
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Figure 4.4: Twenty most common tree species and their share (%) of the all observed 
trees in all vegetation types

Th ere are 77.2 billion trees and most (32.2%) of them are in production forests (Figure 4.5) followed 
by wildlife protected areas (23.3%).  About 96.2% of the trees are from natural regeneration, 2.5% are 
from coppicing and only 1.3% are planted. Th e most common species is Diplorhynchus condylocarpon 
followed by Combretum zeyheri, Brachystegia spiciformis and Combretum molle. Th e four species 
constitute about 8.5 billion trees or 11.4% of all trees.  

Figure 4.5: Distribution of all trees in Tanzania mainland by land-use
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4.1.7 Commercial volume
Tanzania mainland has a total commercial volume of 1,046.9 million m3 out of the total growing 
stock of 3,322 million m3

 
(Table 4.8). Th is commercial volume does not however consider the legal 

status of the areas or their accessibility.

Table 4.8: Mean and total of commercial and non-commercial volume by vegetation type

Vegetation type Non 
commercial

Commercial Non com-
mercial

Commercial

m3/ha Million m3

Forest 89.0 22.9 298.3 76.6

Woodland 34.7 20.4 1 545.2 911.0

Bushland 19.7 2.1 126.8 13.5

Grassland 5.0 0.7 41.2 5.6

Cultivated land 10.2 1.6 225.3 35.4

Open land 5.4 0.3 1.4 0.1

Water 7.9 1.3 9.2 1.5

Other areas 15.1 1.7 28.4 3.3

Total 25.9 11.9 2,275.9 1,046.9

Th e biggest (87%) commercial volume occurs in woodland areas. According to Forest Regulations of 
2004 (URT 2004), commercial trees are classifi ed as living trees belonging to any of the classes IA, IB, 
II or III of the species list and with a diameter at breast height (DBH) greater or equal to 20 cm. Tree 
species of class IV and V with DBH below 20 cm are classifi ed as non-commercial.

Table 4.8 also illustrates nearly the same volume per ha (22.9 m3/ha) of commercial trees in forests  
as in woodlands (20.4 m3/ha), but the non-commercial part in woodlands is signifi cantly lower 
compared to that in forests. Ruvuma, Tabora, Lindi, Mbeya, Morogoro and Katavi regions have the 
highest commercial growing stock. 

Th e commercial trees are mainly located in three land use classes (Figure 4.6) namely production 
and protection forests as well as in wildlife protected areas. Th e commercial stock within agricultural, 
shifting cultivation and grazing lands is only a fraction of the growing stock in these land use classes, 
suggesting heavy exploitation of the commercial trees near human settlements. Zone wise, southern 
and southern highlands account for most of the commercial and non commercial tree volumes while 
central, lake and northern zones have clearly the smallest volumes (Figure 4.7).
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Figure 4.6: Commercial volume compared to growing stock by landuse

Figure 4.7: Commercial and non-commercial volume by zones

Figure 4.8 shows  that there are large diff erences in commercial volumes between the regions. Th e 
highest commercial volumes are found in Mbeya, Lindi, Ruvuma, Tabora, Katavi and Morogoro 
regions. Considering valuable classes (IA and IB available in production forests), Lindi holds the most 
valuable stands which have the highest commercial volumes of tree species of valuable classes. Th e 
rest of the regions have very low accessible commercial volumes. A signifi cant part of the commercial 
volumes are found in protected areas as illustrated in Figure 4.9. 
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Figure 4.8: Commercial volume (m3) by diameter (DBH) class and region

F  igure 4.9: Commercial volume by region and landuse

Figure 4.9 shows commercial volume by land uses in the regions.  Mara, Simiyu, Mwanza and 
Shinyanga regions have almost no stands of commercial value.

Figure 4.10 shows commercial and non-commercial volume and number of stems per ha. Th e fi gure 
also shows that there are many trees with DBH below 20 cm as indicated by a sharp decline. Th ese 
trees are non-commercial. Th e proportions of commercial and non-commercial volumes are similar 
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in all the diameter classes except trees with DBH of 100 cm and above due to inclusion of Adansonia 
digitata in the data.

Figure 4.10: Volume, commercial volume and number of trees per ha by diameter 
class

4.1.8 Wood balance

Th e wood supply and loss balance is of interest for policy makers, commercial companies and consumers 
of wooden products in understanding the adequacy of the supply to meet the people’s needs and what 
actions may be needed to rectify possible shortage situation. A negative balance means that wood 
consumption is bigger than wood production, leading to depletion of the woody vegetation. 

Table 4.9 shows that the total annual supply (growth) of wood at national level is estimated at 83.7 
million m3.  However, only about half of this volume i.e. about 42.8 million m3 is available for 
harvesting at a sustainable level. Th is amount is also called the annual allowable cut (AAC). 
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Ta ble 4.9: Total annual wood supply and annual allowable cut 

Vegetation type
Volume m3/
ha *

Estimated  
increment 
per  year

m3/ha

Total 
annual 
wood 
supply 

m3

Annual 
Allowable 
Cut 

  m3

Forest

 Humid montane 170.7 8 7,933,898 151,061

 Lowland 92.7 8 13,205,245 4,378,859

 Mangrove 48.8 2.5 393,924 19,617

 Plantation 64.1 15 8,288,625 8,090,527

Woodland
 Closed (>40%) 78.7 2 17,396,122 5,938,340

 Open (10-40%) 47.6 0.58 20,804,454 9,758,121

Bushland

 Th icket 18.4 0.22 217,061 173,649

 Dense 23.9 0.29 583,971 467,177

 Emergent trees 26.1 0.32 98,257 78,605

 Th icket with emergent 

trees
34.7 0.42 129,973 103,978

 Open 11.3 0.14 388,903 311,123

Grassland

 Wooded 8.8 0.11 504,440 403,552

 Bushed 6.2 0.08 33,212 26,570

Open 0.8 0.01 28,251 22,601

Woodland  Scattered cropland 21.2 0.26 652,050 652,050

Bushland Scattered cultivation 10.8 0.13 152,756 152,756

Grassland Scattered cropland 4.4 0.05 32,015 32,015

Cultivated

 land

 Agroforestry system 12.5 0.88 1,199,184 1,199,184

 Wooded crops 20.3 1.62 2,460,719 2,460,719

 Herbaceous crops 6.6 0.53 2,645,683 2,645,683

Mixed tree cropping 64.8 4.53 698,667 698,667

 Grain crops 5.7 0.45 4,459,745 4,459,745

Open 

land

 Bare soil 6.1 0.15 24,626 24,626

 Salt crusts 4.9 0.12 2,244 2,244

 Rock outcrops 5 0.12 9,094 9,094

Water
 Inland water 14.7 0.52 79,490 79,490

 Swamp 8.3 0.29 293,149 -

Unspecifi ed 15.4 0.54 1,013,557 506,778

  37.6   83,729,315 42,846,832

* Volume fi gures exclude baobab.

Th e annual loss of wood was estimated at 62.3 million m3 (Table 4.10). Th e consumption exceeds 
the sustainable supply, causing an annual wood defi cit of 19.5 million m3. NAFORMA estimated 
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the average demand for wood at 1.39 m3/year/capita while the annual allowable cut (the sustainable 
supply) was estimated at 0.95 m3/year/capita.

Table 4.10: Wood balance analysis for Tanzania mainland

Supply and losses Unit 2013 

Supply 

Gross increment of all trees in Tanzania mainland million m3/yr 83.7

Legally available wood (AAC plus recoverable deadwood) million m3/ yr 42.8

Losses:

Household wood demand (0.96 m3/capita) million m3/ yr -43.0

Industrial and household wood demand (0.05 m3/capita. FAOSTAT 2014) million m3/ yr -2.3

LULC change analysis (1995 vs 2010 maps) on FW: (-372816 ha/a * 40 m3/

ha; 0.33 m3/capita)
million m3/ yr -14.9

Import-export balance (charcoal, lumber and logs; 0.00 m3/capita) million m3/ yr -0.1

Illegal felling for charcoal/lumber mfg, trading (0.05 m3/capita) million m3/ yr -2.0

Total losses Million m3/ yr -62.3

Wood Balance million m3/ yr -19.5

4.1.9 Regeneration status by vegetation types

Figure 4.11 shows regeneration status of diff erent vegetation types. For the smallest diameter class 
(0 - 4.9 cm), the highest regeneration count was recorded in thickets followed by mangroves, dense 
bushlands and lowland forests. For diameter class 5.0 - 9.9 cm, the highest regeneration count was 
recorded in mangroves. Th e regeneration in the woodlands, which take up more than half of the land 
area of the country is low probably due to wild fi res, shifting cultivation and grazing.

Figure 4.11: Regeneration status by vegetation type
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4.1.10 Forest Carbon stock estimation

NAFORMA estimated forest Carbon in three pools namely AGB, BGB and DW. Th e BGB was 
estimated as a fraction of AGB. Data for estimation of SOC were collected but the analysis has not yet 
been completed. Litter Carbon pool was not estimated.
 
Table 4.11 shows that Carbon in AGB and BGB pools is 1,060.8 million tonnes. By far, the major 
sink is the woodlands which store 73.5% of the total Carbon. Th e AGB and BGB Carbon stock varies 
between 1.8 t/ha in grasslands to 36.5 t/ha in forests.

Table 4.11: Estimated biomass and Carbon by vegetation type

Vegetation Type
Volume
m3/ha

Aboveground
Stem 

Biomass, t/ha

Belowground
Biomass, t/ha

Carbon
t/ha

Carbon
t

Share 
%

Forest 111.8 59.5 18.2 36.5 122,340,057 11.5%

Woodland 55.1 27.7 9.5 17.5 779,607,827 73.5%

Bushland 21.8 11.0 4.4 7.2 46,388,588 4.4%

Grassland 5.7 2.9 1.1 1.8 15,115,401 1.4%

Cultivated land 11.8 5.9 2.1 3.8 83,293,969 7.9%

Open land 5.7 2.9 1.1 1.9 466,006 0.0%

Water 9.2 4.6 1.7 3.0 3,429,530 0.3%

Other areas 16.8 8.4 3.1 5.4 10,192,480 1.0%

TOTAL 1,060,833,858 100.0%

Table 4.12 shows Carbon in the DW in diff erent vegetation types. Th e Carbon ranges between 0.11 
t/ha in open lands to 2.39 t/ha in forests. Carbon in woodlands is relatively low compared to that in 
forests probably due to fi re and collection as fuelwood. Th e relatively high volume of dead wood in 
water is probably due to inaccessibility.

Table 4.12: Carbon in DW in different vegetation types
 Primary vegetation Type Carbon t/ha Total DW Carbon, t

Forest 2.39         7,997,394 

Woodland 0.89      39,664,224 

Bushland 0.36         2,284,911 

Grassland 0.17         1,397,907 

Cultivated land 0.45         9,929,475 

Open land 0.11              27,480 

Water* 0.64            741,566 

Other areas 0.48            914,657 

TOTAL     62,957,614 

*Carbon in water refers to wetland areas.
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4.1.11 Non wood forest products and services

NAFORMA recorded many NWFPs and services in the diff erent vegetation types (Figure 4.12). 
Production forests clearly demonstrate their vital role in providing most of the assessed NWFPs and 
services. Th e aesthetic values and tourism potential of wildlife protected areas are also evident. Th e 
observed multiple NWFPs and services emphasize the need to develop forest management plans that 
focus on optimizing their use. 

Figure 4.12: NWFPs and services in forests and wildlife protected areas

4.1.12 Forest health

Table 4.13 shows the health status of trees in forests and woodlands in terms of diseases, insect, fi re, 
stranglers and other damages. Th e results show that most damages are caused by diseases. However, 
the trees are generally healthy.  
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Table 4.13: Tree health in forests and woodlands

Health
Count/ha Volume/ha

Forest Woodland Forest Woodland

Healthy tree (Default) 1,849 921 101.0 48.0

Diseased tree 36.18 37 3.64 3.2

Burnt tree, will possibly recover 3.73 17 0.51 0.4

Burnt tree, will possibly die 0.18 4 0.02 0.1

Aff ected by Ficus sp. 0.06 0.14 0.51 0.05

Other damage agent 33.43 18 1.07 0.8

Dead tree 108.44 56 5.12 2.5

Total                                                                     2,031 1,053 111.8 55.1

Results show that 4.5 million ha of forests and woodlands had signs of fi re damage. In woodlands, 
fi re occurrence was found to be more frequent than in forests. Table 4.13 shows that fi res have limited 
impact on the health of trees and only few damaged trees will possibly die.
 
Figure 4.13 shows damage caused by human activities and severity of damage.  Most of the damages 
caused by human activities were recorded in the Eastern and Western zones, probably due to the 
proximity to urban and/or city areas.  Th e damage may be the result of the combined eff ect of charcoal 
production for the urban markets, overharvesting of fi rewood and other wood products as well as 
expanding shifting cultivation. 
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Figure 4.13: Level severity of damage to forests and woodlands caused by human 
activities

4.2 LULC mapping results

Th e key results of LULC mapping were:

(i) Nationwide and 1:2000 000 scale thematic maps showing the spatial distribution of LULC  

 types;

(ii) Area statements that provide the statistical distribution of LULC classes; 

(iii) Forest cover change; and

(iv) LULC GIS database containing vector data, raster data (remotely sensed imagery) and all  

 relevant attribute data.
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4.2.1 LULC map of Tanzania mainland

Th e NAFORMA LULC map is shown in Figure 4.14. A high resolution LULC map is found in the 
NAFORMA website (http://naforma.mnrt.go.tz/)

Figure 4.14: LULC map of Tanzania mainland

Figure 4.14: LULC map of Tanzania mainland
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4.2.2 Distribution of land area by LULC classes

Table 4.14 shows the distribution of land area by LULC classes in Tanzania mainland. Th e table shows 

that forests and woodlands cover 38.3% of the land area followed by cultivated land which covers 

36.3% of the land area. Bushland and thickets cover 14.5% of the land area while other classes cover 

the remaining 11%.  

Table 4.14: Coverage of LULC Map classes in Tanzania in 2010.
No. LULC Class NAFORMA LULC 

area (ha)
NAFORMA LULC 

calibrated  area 
(ha)7

% coverage land area

1 Forests

1.1 Natural forest  1,537,459 1,535,902 1.7

1.2 Mangrove forest 122,618                  122,494 0.1

1.3 Plantation forest  147,570                  147,421 0.2

Subtotal 1,807,647 1,805,817 2.0

2 Woodlands  

2.1 Open woodland         21,344,829 21,323,218 24.1

2.2 Closed woodland         10,681,314  10,670,499 12.1

Subtotal 32,026,143         31,993,717 36.2

3 Bushland & Th icket  

3.1 Bushland         12,335,164  12,322,675 14.0

3.2 Th ickets             456,563  456,101 0.5

Subtotal 12,791,727 12,778,776  14.5

4 Cultivated land  

4.1 Cultivated bushland          5,650,091 5,644,370 6.4

4.2 Cultivated woodland          5,986,785 5,980,723 6.8

4.3 Grains and other crops         17,938,105 17,919,943 20.3

4.4 Wooded crops          2,520,518 2,517,966 2.9

Subtotal 32,095,499 32,063,003 36.3

5     Grassland          6,044,225 6,038,105 6.8

6  Wetland          3,165,359 3,162,154 3.6

7 Built up areas             224,879 224,651 0.3

8 Open land             266,787 266,517 0.3

9 Ice                 1,562 1,560 0.0

Total land area  88,423,828 88,334,300 100.0
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Note that:

• NAFORMA LULC map determined the area of Inland water to be 6,403,130 ha; 
• Area under plantation forest includes only planted area observed on Landsat TM images; 
• Grains and other crops include area under crop plantations, e.g. sisal and sugarcane plantations;
• Built-up area, particularly in rural settings, is part of cultivated land; therefore the fi gures in the  
 table represent the town centres only;

• Natural forest includes Montane and Lowland forest;

• Open land includes bare land and rock outcrops;

• Total area does not include part of the Indian Ocean under by Tanzania mainland.

Th e area obtained using the NAFORMA LULC map diff ers substantially from that obtained through 

NAFORMA fi eld inventory (Table 4.15). Th e NAFORMA fi eld inventory data show a forest and 

woodland area which is 42% larger than that of the LULC map. FRA defi nes forests and woodland 

cover classes as forests. Using this defi nition in NAFORMA fi eld inventory data analysis gave a national 

forest cover of 55 % of land area compared to 38.3% when the dataset from the LULC map is used. 

Table 4.15: Comparison of NAFORMA inventory data and the NAFORMA LULC Map
Main land cover classes
NAFORMA Inventory

Main land cover classes
NAFORMA Mapping

Corresponding 
FRA Global Class

Forest 3,364,457 Forest 1,805,817 Forest

Woodland 44,726,246 Woodland 31,993,717

Bushland and thicket 6,445,471 Bushland and thicket 12,778,776 Other Wooded Land

Grassland 8,242,245 Grassland 6,038,105 Other Land

Cultivated land 22,248,092 Cultivated Land 32,063,003

Open Land 252,516 Open Land 268,077

Other areas 1,892,720 Other areas 224,651

Wetlands 1,162,552 Wetlands 3,162,154 Inland Water

Th e observed diff erences are due to two diff erent approaches applied during the production of land 

cover statistics, which produced signifi cantly diff erent results at the national level. Whereas the 

NAFORMA LULC map used a mosaic of recent Landsat imagery for mapping LULC classes across 

the country,  the NAFORMA inventory results were produced based solely on the fi eld data.  Other 

reasons for these diff erences include, but are not limited to the following:

(i) Separating certain land cover classes e.g. Open Woodland and Grassland, with Landsat   

 imagery can be challenging as the instrument can neither observe the height of the   

 vegetation nor detect single trees

(ii) Using minimum mapping unit usually overestimates the area of dominating land cover   

 class. Th at is, if the area is dominated by agriculture, small forest patches may easily be   

 lost.

(iii) In case of bare land cover classes the errors of the fi eld inventory based estimations are likely  

 to be high because of small number of samples
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(iv) 

 

4.2.3 Forest cover change

NAFORMA LULC results show that the rate of deforestation between 1995 and 2010 was 372,816 
ha per year (Table 4.16). Comparison of NAFORMA LULC statistics for forest area with the previous 
estimates from 1984 SADC Survey and 1995 HTSL mapping showed that the NAFORMA LULC 
statistics are very close to the linear extrapolation of the two previous estimates (Figure 4.15). Th e rate of 
deforestation in Tanzania of 403,870 ha reported by FRA 2010 was based on this linear extrapolation. 
Th e similarity of the deforestation rates is partly due to the fact that the SADC 1984, HTSL 1995 and 
NAFORMA 2010 maps were all based on the interpretation of remotely sensed images (Landsats). 
In the case of HTSL 1995 and NAFORMA 2010, the vegetation classifi cation was also very similar. 

Table 4.16: Annual rate of change of area for forests, other wooded lands and other lands

Year Forest (ha) Other Wooded Land (ha) Other Land (ha)

1984-1995 -403,870 -328,643 732,513

1995-2010 -372,816 -248,871 621,687

Figure 4.15: Comparison of NAFORMA LULC map forest cover with earlier mapping 
work

 

Th e LULC map is a classical polygon map where the area of the individual vegetation types is 
made up of a number of polygons that have been classifi ed as a certain vegetation type while 
NAFORMA fi eld inventory area data is entirely based on fi eld observations. Vegetation/land 
types were allocated to classify the plot by the fi eld teams. Th e total area of each individual 
vegetation type was estimated by stratum and the stratum results were summed up to make 
a national estimate.
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4.3 Socio-economic and forest governance results

Th is section has two sub-sections: socio-economic and forest governance results respectively.
Socio-economic results include characteristics of respondents, household size and population 
distribution, livelihood and income, food security, use of forest products and sources of household 
energy. Forest governance results include awareness of rules regulating harvesting of forest products 
and forest management.
 

4.3.1 Socio-economic aspects

Characteristics of respondents

Th e majority (82.7%) of the respondent were male headed households while, 16.6% were female 
headed. Th e rest (0.7%) of the respondent households constituted both male and female respondents. 
Th e age of head of household respondents ranged between 18 and 90 years and averaged 43 years. Th e 
average age of respondents indicates an adult population whose responses with regard to forest use and 
management conditions can be considered reliable. In terms of education, the majority (92.6%) of the 
respondents attained primary education while 7.4% attained secondary education. 

Household size and population distribution

Results show that the household size of forest adjacent communities ranged between 4.7 and 8.4 
individuals and averaged 6.8. Results which are not summarised in this report show that Shinyanga, 
Tabora, Mwanza, Simiyu and Geita have the largest average household size followed by Dar es Salaam, 
Arusha, Manyara, Mara and Rukwa. Th is trend may be explained by the existing land uses as well 
as biophysical and livelihood characteristics. Most of the regions showing high household sizes are 
inhabited by pastoral communities, which require relatively large family size to take care of livestock. 
In urban areas like Dar es Salaam, the trend may be due to extended families. 

NAFORMA biomass data shows an inverse relationship with population density. Where there is a high 
population density according to the 2012 census data, the biomass is low and vice versa (Figure 4.16). 
However, in sparsely populated areas that have naturally little woody vegetation, this relationship is 
not obvious. 
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Figure 4.16: Relationship between wood biomass and population density

Livelihoods and income

Results show that less than 10% of respondents depended on forests and forest products as their 
principle source of income in the past 12 months before the survey. Th e majority (70-95%), especially 
in Pwani, Tanga, Iringa, Songea, Ruvuma, Rukwa and Katavi regions depend on agriculture as their 
main source of income. In Dodoma, Manyara, Arusha, Shinyanga, Tabora, Mara and Mwanza regions, 
livestock is the predominant livelihood option. 

Food security

Figure 4.17 shows major sources of household food. Generally, dependence of forests as a source of 
food is low. Only about 32 % of households use food from the forest. Figure 4.18 shows harvested 
forest foods and medicine by region. Although direct dependence on forest foods is relatively low, it 
still supports the widely held view that the forest foods provide insurance during drought and crop 
failure period. Th is is more common in the dry central part of the country. In regions such as Lindi 
and Mtwara, forest foods including “ming’oko” (Dioscorea hirtifl ora) are eaten as a tradition rather than 
necessarily serving as insurance during drought and crop failure periods. 
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Figure 4.17: Household food sources

Figure 4.18: Forest foods and medicines harvested by region

Table 4.17 shows how long the food lasts. January to March was indicated to be the period with 
critical food shortage (Figure 4.19).
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Table 4.17: Source of household foods and how long the food lasts
Source of household food Months /year

Food grown on land owned and cultivated by household 8.51

Food purchased from the market 0.87

Food grown on land cultivated but not owned by household (e.g.  rented land) 4.46

Food given as gift or food aid 0.68

Food from forests (mushrooms, fruits, bush meat, etc) 0.64

Others 0.06

Figure 4.19: Food availability at household level during the year

Th e results further show that only 14% of the households use forest foods to meet needs during critical 
food shortage months. Th ese results correspond with recent literature where it was noted that forests 
play much less of a role as part of household safety nets in response to shocks than was previously 
supposed (CIFOR 2011). 

Use of forest products

Figure 4.20 summarizes use of forest products by gender within the last 12 months before the survey. 
Firewood is clearly the most commonly used forest product. It is used by 96 % of households. 
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Figure 4.20: Use of forest products by gender 

Table 4.18 shows that production wood, charcoal and honey are harvested predominantly by men 
while fi rewood is harvested predominantly by women. Construction material is harvested by both men 
and women. Th e gender specifi c harvesting and utilization of forest products reported by NAFORMA 
is supported by other studies and literature (IFAD 2008; FAO 2013).

Th e majority of the respondents indicated that products harvested were used domestically. Few of the 
respondents reported trading in production wood, human plant food, charcoal and honey probably 
due to limited market access in some locations.  

Table 4.18: Harvesting of forest products by gender
Product category Harvesting proportion (%) by gender

Only men
<30% 

women
30-70% 
women

>70% 
women

Only 
women

Firewood 4% 4% 13% 34% 45%

Charcoal 54% 28% 8% 5% 4%

Production wood 63% 20% 8% 4% 4%

Human plant food 3% 11% 42% 28% 15%

Honey beeswax 89% 3% 2% 1% 6%

Construction material 37% 15% 15% 11% 22%

Figure 4.21 shows user rights for accessing various forest based products. Between 40 and 60% of 
respondents believe they have open access to forest products, particularly fi rewood, construction 
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material and fodder. Forest and tree products are attractive to forest adjacent communities because 
they are easy to access (perceived to be “free of charge”), their utilization requires little capital and 
technical skills and can therefore be processed at home and sold locally. Th is situation provides women 
with one of the few opportunities to generate income (CIFOR 2012; Shackleton et al. 2011). 

Figure 4.21: User rights for accessing various forest products

Sources of household energy 
Figure 4.22 summarises the sources of energy for the households. Th e results show that fi rewood and 
charcoal are predominantly used for cooking whereas kerosene, electricity and others are mainly used 
for lighting. 

Figure 4.22: Sources and uses of energy at household level
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4.3.2 Forest governance aspects

Awareness of rules regulating harvesting of forest products

Figure 4.23 shows responses on awareness of local rules regulating the harvesting of forest products. 
Th e results show that there is low ( 30-40%) awareness on local rules which regulate harvesting of 
plant medicines, forest foods, fodder and construction material. Th e respondents were slightly (25-
40%) more aware of rules concerning harvesting of fi rewood, production wood and charcoal but 
reported that the rules were  not being enforced. With regard to honey, the responses show that 
enforcement of local rules is slightly more (27%) prevalent than for other forest products due to their 
awareness of the negative impacts of fi re on beekeeping. 

Figure 4.23: Awareness of local rules which regulate harvesting of forest products

Analysis of awareness of government rules which regulate the harvesting of the products showed that 

55% of respondents were aware of the rules regulating charcoal production. Almost half (48%) were 

aware of rules regulating beekeeping while 38% were aware of rules and regulations on harvesting of 

production wood. Th is awareness level is relatively high because the respondents were forest–adjacent 

communities who depend on charcoal, honey and production wood as main sources of livelihood 

support.

 

Participatory forest management

Results show that 31% of respondents were aware of PFM out of which only 7% said they had 
participated in PFM activities over the last 12 months before the survey. Of these, 73% said they had 
received benefi ts from participation. Th e low level of awareness on PFM may be due to the fact that 
most PFM activities were in few pilot areas in the country, which were supported by development 
partners in collaboration with central government, local government authorities, NGOs and village 
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governments. Overall, respondents indicated village governments and NGOs to be the most important 
organizations for facilitating communities’ participation in forest related activities, including PFM 
(Table 4.19).
 

Table 4.19: Organizations considered important for communities’ participation in PFM

Organization
Rank (%)

Total (%)
Rank 1 Rank 2 Rank 3

Central government 20.7 13.2 66.0 100.0

Local government authorities 13.0 72.5 14.6 100.0

Village government 71.3 13.9 14.8 100.0

NGOs 56.1 21.8 22.1 100.0
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5.1 Conclusions 

Th e key conclusions from NAFORMA are that: 

(i). Th e NAFORMA methodology was developed through a consultative process involving all 

relevant stakeholders. As a result of stakeholder consultations, the traditional FAO inventory 

methodology was changed to suit Tanzania’s conditions. Th e adopted methodology takes into 

account stakeholders’ needs including data for the REDD+ processes;

(ii). A total of 167 staff  from TFS and LGAs and 10 temporary staff  were actively involved in the 

NAFORMA data capture and processing, hence enhanced their capacities in ground-based forest 

inventory, mapping, socio-economic and governance surveys, data management and analysis. 

Despite the capacity built so far, TFS is still short of staff  in data management; 

(iii). NAFORMA measured a total of 30,773 plots out of which 25% are permanent for long-term 

monitoring; 

(iv). NAFORMA has provided an objective documentation of the state of the forest resources of 

the country at the time of measurement.  Th e collected fi eld data are stored in the Open Foris-

Collect database and analyzed in Open Foris-Calc. Data sharing policy is found in NAFORMA 

website: http://naforma.mnrt.go.tz;

(v). NAFORMA collected useful data which can be subjected to further analysis to generate more 

information for policy makers, revision of NFP, REDD+ and academia;

(vi). Th e area covered by woody resources was previously underestimated. NAFORMA fi eld inventory 

results determined the area of forests and woodlands of Tanzania mainland to be 48.1 million ha. 

Woodlands alone occupy 44.7 million ha; 

(vii). Based on the 2012 population census, NAFORMA data shows that there was 1.1 ha of forest 

and woodlands per capita and 1 m3 per person per year available from legally accessible sources;

(viii). Th e estimated annual consumption of 62.3 million m3 exceeds the annual allowable cut of 42.8 

million m3. Th e supply of wood is therefore unable to meet demand sustainably. Th e wood 

defi cit from legal sources is around 19.5 million m3 a year;

(ix). Th e annual defi cit is currently met by overharvesting in accessible forest areas and illegal 

harvesting in protected areas. Th is leads to degradation of the remaining forests and woodlands, 

which lowers their productivity;

(x). Th e national LULC map was produced and registered by the Ministry of Lands, Housing and 

Human Settlements Development; 

(xi). NAFORMA estimated forest Carbon in three pools namely AGB, BGB and DW. AGB and 

BGB amounted to 1,060.8 million tonnes while DW was about 63 million tonnes. By far, the 

major AGB and BGB sink is the woodlands which store 73.5% of the total Carbon. Data for 

estimation of SOC were collected but the analysis has not yet been completed. Th e litter Carbon 

pool was not estimated.

5 Conclusions and Recommendation
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(xii). Socio-economic results showed common patterns of forest-people relations with respect to 

household variables and forest management issues. However, 31% of the respondent households 

were aware of PFM despite its having been implemented for more than three decades and 

international publicity; and

(xiii). Reliability of NAFORMA data is low when used at levels lower than the regional level. 

5.2  Recommendations

(i). In order to strengthen capacity in data management, TFS should employ more staff  including 

the temporary staff  trained during NAFORMA project implementation. Since NAFORMA 

project implementation relied heavily on national and international consultants, more capacity 

building of TFS and LGAs staff  is needed;

(ii). In order to ensure long term monitoring of forest resources, TFS should re-measure the 

permanent sample plots established under NAFORMA. Data for the Carbon pools that were 

not considered in the NAFORMA study should be included in the re-measurements.

(iii). TFS should initiate special studies to determine Carbon in litters

(iv). Given the existing capacity of TFS and its roles on long term monitoring of forest resources, 

TFS should strengthen linkages with other national institutions and sectors in order to utilize 

the available capacity;

(v). Th e apparent wood supply defi cit needs to be addressed urgently; 

(vi). Th e data from various sources used to estimate wood consumption were very variable. Th ere is 

therefore, a need to undertake a thorough nationwide wood consumption study;   

(vii). Revision of National Forest Policy and National Forestry Programme (2015-2024) should use 

the NAFORMA fi ndings;

(viii). Th e government should commit funds to support awareness raising and implementation of 

PFM outside the development partners’ framework;

(ix). Th ere is need to further develop and use Multisource National Forest Inventory (MSNFI) in 

order to determine forest resources at local level; and

(x). Researchers and academia should analyse NAFORMA data further to generate more information 

for diff erent stakeholders.
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Introduction

Soils form the largest pool of terrestrial organic 

carbon, thus the release of carbon from this 

pool, due to anthropogenic activities such as 

deforestation, may signifi cantly increase the 

concentration of GHGs in the atmosphere 

(IPCC, 2000). Deforestation, forest degradation 

or changes in land management practices can 

cause the emission of carbon from soil to the 

atmosphere. For this reason, reliable estimates 

of the soil organic carbon (SOC) stock and its 

changes over time are needed for REDD+ and 

GHG reporting under the UNFCCC.

For the fi rst time, a comprehensive topsoil 

sampling (0 – 30 cm) for estimating current 

stocks of soil organic carbon (SOC) was 

conducted countrywide in the mainland of Th e 

United Republic of Tanzania. Th e major aim was 

to provide baseline data for monitoring SOC 

as infl uenced by land use and land cover types. 

Th e survey intended to generate baseline data 

for modelling/projecting future carbon stock 

changes and which can be used as a potential 

indicator of sustainable management of natural 

forest resources within broader land use planning 

and conservations strategies.

Methods

Soil sampling for soil organic carbon (SOC) 

measurements was conducted as a part of the 

national forest inventory known as NAFORMA 

(National Forest Resources Monitoring and 

Assessment). Th e inventory was carried out 

following procedures outlined in the Biophysical 

survey of the NAFORMA Field Manual 

(NAFORMA, 2010). It was planned that soil 

samples would be collected from the fi rst and the 

last plots on each NAFORMA permanent cluster 

(Figure 1).

Figure.1 
Selection of soil sampling plots in a 
NAFORMA permanent sampling cluster

Appendices 1.1:  
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Appendix 1.1: Calculating survey results for soil organic carbon of Tanzania mainland
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Within each soil sampling plot, three volumetric 

soil samples were collected from three strata: 0 

-10 cm, 10 – 20 cm and 20 – 30 cm in depth. 

Each of these samples was composed of 4 

subsamples collected from the 4 main compass 

directions within a radius of 15 m from the 

centre of the sampling plot. However, in a few of 

the sampling plots, it was not possible to get the 

subsamples from all 4 sampling points or from 

the three depths due to some physical limitations 

encountered in the fi eld (e.g. rocks). Under such 

situations, fewer numbers of subsamples were 

used to make up the soil sample. Following this 

procedure, soil samples were collected from all 

over mainland Tanzania except the Eastern Zone 

which was not sampled because at the time of the 

survey, soil sampling had not yet been included 

in the NAFORMA sampling protocol. Hence 

at the end, a total of 4,215 soil samples were 

collected for analysis. It is planned that this zone 

be the fi rst to be sampled during the next phase 

of the national forest inventory. 

Th e soil samples were taken to the Soil Science 

laboratory at Sokoine University of Agriculture 

for analysis.

Soil analysis for organic C and other selected 

soil physical properties, including bulk density, 

particle size analysis and soil pH were analyzed 

at Sokoine University of Agriculture following 

standard procedures. Soil samples for soil organic 

carbon determination were air dried, then oven 

dried at 40±0.05°C. Th e soil was then crushed 

(not ground) to pass through 1mm (Van 

Reeuwijk, 1993). Organic carbon content was 

determined by Walkley-Black wet combustion 

method (Van Reeuwijk, 1993; Nelson and 

Sommers, 1982). Moisture correction factor 

was determined after 48-hours oven drying of 

a subsample at 105±0.5°C. To minimize errors, 

analyses for SOC were done in duplicates. For 

quality assurance purposes, 45 soil samples were 

taken to the Finnish Forest Research Institute 

(METLA) laboratories for analysis of soil organic 

carbon using dry combustion method. According 

to Tamminen et al (2012), the results of SOC 

contents obtained by the two methods were 

found to be highly correlated (r2= 0.986).

Soil pH was potentiometrically measured in 

supernatant suspensions of a 1:2.5 soil: liquid 

mixture of distilled water and also in 1 M KCl 

solution (McLean, 1982 and Van Reeuwijk, 

1993). Bulk density was determined based on the 

core method (Blake and Hartge, 1986).

Soil particle-size analysis and texture was 

determined by Bouyoucos Hydrometer method 

(Gee and Bauder, 1986; Van Reeuwijk, 1993)

Th e soils analytical data were then submitted 

to the NAFORMA team at the Tanzania Forest 

Services (TFS) Agency, where data cleansing was 

done and then stored in NAFORMA database. 

Th e data can then be combined with other 

information in the NAFORMA database such as 

vegetation, biomass, land cover, etc to answer to 

national and international needs for information 

on carbon pools and balances in Tanzania.

RESULTS

Soil organic carbon was calculated for each 

sample (layer) as:

         SOC = (V*Bd *OC%)/1000
Where: 

SOC = soil organic carbon (kg/m2)

V = Volume (cm3), 1 m2 and 10 cm thick layer

OC% = organic carbon content (% / 100)

Bd = Bulk density (g/cm3)

Table 1 presents the mean SOC values for each 

soil layer. Th e mean SOC value for samples in 

the data set was 3.91 kg/m2. Th e standard error 

of the mean was 1.8 %. Almost half of the 
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organic carbon was in the top 10 cm layer.  Th e 

NAFORMA data reports slightly higher values 

when compared to SOC-value 3.56 kg/m2, that 

was reported by Bombelli et. al (2009). Th e larger 

sample number and methodology used in the 

current inventory could explain this variation. 

Th e mean values for soil organic carbon was in 

the range of 3.7–4.0 kg/m2 in the land-use classes 

(Table 2). Th e diff erences between class averages 

were not statistically signifi cant. Th e amount of 

soil organic carbon per land area in each land-

use class was, therefore, completely determined 

by the land area itself. Th ree quarters of the total 

amount of SOC was found to be almost equally 

divided between production forests (22.3 %), 

wildlife reserves (22.4 %) and agriculture 

(23.6 %).

Table 1. Mean values of SOC for each soil layer in the survey

Soil Organic Carbon 95 % conf. levels

Soil depth (cm) (kg/m2) (%) n   S
e
% low High

0 – 10 1.711 44 1408 1.8 1.66 1.76

10 – 20 1.229 31 1404 1.6 1.19 1.27

20 – 30 0.971 25 1384   2.1 0.93 1.01

Sum 3.911 100 1.8 3.78 4.04

Table 2. Distribution of land area and soil data plots with corresponding values of mean and 
total amounts of soil organic carbon (SOC) in each land-use class.

Land use class Land area SOC plots SOC per total land area

  1,000 ha % n % kg/m2 Tg %

Production forest 19,798 22.5 361 26.1 3.9 768 22.3

Protection forest 9,377 10.7 157 11.3 3.9 364 10.6

Wildlife reserve 19,131 21.7 265 19.1 4.0 772 22.4

Shifting cultivation 5,790 6.6 99 7.2 3.9 223 6.5

Agriculture 20,604 23.4 321 23.2 3.9 811 23.6

Grazing land 9,306 10.6 137 9.9 3.8 352 10.2

Built-up areas 1,936 2.2 17 1.2 3.7 72 2.1

Swamp 659 0.7 9 0.7 3.8 25 0.7

Other land 1,423 1.6 18 1.3 3.8 53 1.6

All types 88,025 100 1,384 100 3.9 3,443 100

Figure 2 shows the mean values of soil organic 

carbon according to main vegetation types. Th e 

carbon amount was higher in forest soils (5.9 

kg/m2) compared to woodland soils (3.6 kg/

m2).  SOC was also relatively high (4.8 kg/m2) 

for the main type ‘grasslands’. Half of the area 

in Tanzania is covered with diff erent types of 

woodlands, so most of the soil carbon stock (47 

%) is stored in woodland soils.

Carbon content was very high in montane forest 
and plantation forests (Table 13.3). Lowland 
forests, on the other hand, had a SOC content 
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equal to open and closed woodlands, all of them 
having about one third of the carbon amount 
(kg/m2) found in montane forests soils. Wooded 
grasslands and agroforestry areas had relatively 
high carbon contents, whereas many of the 
individual vegetation classes (within cultivated, 
bushland and grassland types) did not diff er much 
from total average in the survey. Th e woodland 
bushland and grassland type extend over a much 
larger proportion of the NAFORMA surveyed 
area, however also reported by Bombelli et. al 
(2009), the area is marked by the occurrence 
of annual bush fi res. In this regard, subsequent 
inventories would verify how signifi cant the 
individual bushland fi res are aff ecting the carbon 
budget of Tanzania.

Cultivated soils had a slightly smaller proportion 
of the carbon in the top 10 cm layer compared to 
other vegetation types. Th e proportion of carbon 
in the topmost layer seemed to be related to 
amount of woody biomass.

Soil organic carbon, soil pH and soil texture of the 
top 0–10 cm according to individual vegetation 
classes are shown in Table 13.3. Lowland forests, 
open and closed woodlands had a similar soil 
texture with about 70 % sand in the top layer, 
and this was obviously related to the relatively 

low carbon content. Th e mean values of SOC 
calculated for all texture classes also showed very 
clear diff erences going from coarse type of soils to 
the ones with more fi ne particles. Some ‘Loam’ 
and ‘Clay’- types of soils had 2–3 times higher 
carbon content than the ‘Sand’ types – with some 
variation between the soil layers. Th e correlation 
between the percentages of sand, silt, clay and 
SOC (using individual plot values) were medium 
strong and statistically signifi cant. Knowing this 
general relationship is useful for monitoring 
changes in soil carbon over time. 

Th e map of the spatial distribution (Figure 3) 
revealed a clear pattern in the soil carbon stock. 
Large areas in the central parts had low SOC 
values, below 3.5 kg/m2. Th e areas with high 
carbon content (>8 kg/m2) are quite limited and 
are mainly found in the mountainous areas and 
most clearly in the northern part of Tanzania as 
well as in the western and south-western regions.
For example, Dodoma region had a SOC average 
of merely 2.6 kg/m2 compared to 6.3 kg/m2 in 
Kagera region.

Figure 2.
Mean values of soil organic 
carbon according to main 
vegetation type. Th e number 
of observations is indicative 
for the land area proportion 
of each class.
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 Table 13.3: Soil organic carbon, soil pH and soil texture of the top 0–10 cm according to   
 individual vegetation classes 

SOC(kg/m2) Layer 0–10 cm

  n Mean L 95% H 95%

% of 

SOC pH Sand% Silt% Clay%

Montane forest 18 10.7 7.4 14.1 46 5.4 49 19 32

Lowland forest 42 3.7 3.1 4.3 44 4.6 71 6 23

Plantation forest 12 8.6 5.0 12.3 43 4.1 59 10 31

Closed woodland 132 3.6 3.2 4.0 47 5.0 73 7 20

Open woodland 555 3.6 3.4 3.8 45 5.1 71 8 21

Woodland & cropland 44 4.1 3.4 4.8 44 5.2 67 9 24

Th icket bushland 17 2.9 2.1 3.7 45 4.7 68 7 26

Dense bushland 33 4.5 3.6 5.3 44 5.2 64 10 27

Bushland& cultivation 21 3.9 2.7 5.1 43 5.5 67 7 27

Bushland, em. trees 6 4.6 1.8 7.5 39 4.9 69 7 24

BL, thicket, em. trees 3 5.3 2.9 7.7 47 3.7 65 8 26

Open bushland 50 3.7 2.9 4.5 45 5.7 69 8 23

Wooded grassland 75 5.2 4.5 5.9 40 5.4 53 13 34

Bushed grassland 9 3.3 1.6 5.1 43 5.9 44 12 44

Grassland & cultivation 13 4.7 3.1 6.4 41 4.6 52 11 37

Open grassland 46 4.5 3.8 5.3 44 6.0 49 15 35

Agroforestry 21 5.3 4.2 6.5 39 4.6 47 18 34

Wooded crops 39 4.1 3.2 4.9 39 5.3 73 7 20

Herbaceous crops 76 3.9 3.4 4.4 41 5.3 64 8 28

Grain crops 131 3.7 3.3 4.1 42 5.3 67 9 24

Bare soil 1 0.9 0.0 0.0 37 9.4 44 27 29

Rock outcrops 2 8.5 -32.9 50.0 38 3.8 52 16 33

Wetlands 18 3.8 2.5 5.1 46 5.6 52 13 35

Urban & infrastructure 19 3.9 2.6 5.3 40 5.8 67 9 24

All types 1384 3.9 3.8 4.0 44

Vegetation class
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(i.) NAFORMA soil samples have been stored 

at the Soil Science Laboratory at Sokoine 

University of Agriculture, Tanzania. With 

additional resources, analysis of other 

soil physico-chemical properties (such as 

cation exchange capacity, exchangeable 

bases, available plant nutrients, mineralogy, 

etc) can be carried out to generate a more 

detailed database of Tanzanian soils.

(ii.) Th e soils data generated from this inventory 

can be combined with soils data generated 

from other sources such as AfSIS (African 

Soil Information Service) and Research 

Directorate of the Ministry of Agriculture, 

Food Security and Cooperatives to produce 

an updated soils map of Tanzania. Th is map 

would be useful to a number of stakeholders. 

An initiative by FAO and Tanzania Forest 

Service (TFS) to produce a SOC map of 

Tanzania based on NAFORMA and non-

NAFORMA databases is in progress.

(iii.) Establishment and maintenance of the 

NAFORMA SOC database will contribute 

to an up-to-date national soil database 

(national soil resources inventory) in the 

country.

(iv.) Th e NAFORMA SOC database can be used 

to inform REDD+ on the current status of 

SOC in the country.

(v.) Additional soils data generated from soil 

profi les representing the most dominant 

soils may be required for soil classifi cation 

and could contribute to the production of a 

detailed general soils map of Tanzania which 

would be an important tool for sustainable 

land use planning at national and district 

levels; and soil management including 

soil fertility management, soil suitability 

evaluation, etc.

(vi.) Th ere is a need to carry out correct estimates 

of actual annual litter production input 

Figure. 3 
Spatial distribution 
of SOC based on 
NAFORMA soils 
data

CONCLUSIONS AND RECOMMENDATIONS
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and corresponding seasonal decomposition 

rates in order to minimize uncertainties in 

estimation of SOC stocks and changes in 

Tanzanian forest soils.

(vii.) Periodic physical measurements/sampling 

and monitoring of SOC changes in Tanzania 

is important. However, since this is an 

expensive venture, there is a need to develop 

models that require fewer measurements 

and which make reliable predictions of 

SOC. Th e generated SOC database provides 

important input to future modelling and 

prediction of SOC changes in diff erent 

ecological regions of Tanzania.



National Forest Resources Monitoring and Assessment of Tanzania Mainland 77

Main Result

Blake, G.R. and K. H. Hartge (1986). Bulk density. In A. Klute (Editor) Methods of Soil Analysis, 

Part 1. Physical and Mineralogical methods, 2nd Ed. Agronomy Series No. 9, ASA; SSSA, Madison 

Wisc., pp. 363 - 375 

Bombelli,  A., M. Henry, S. Castaldi, S. Adu-Bredu , A. Arneth,  A. de Grandcourt, E. Grieco, W. 

L. Kutsch, V. Lehsten, A. Rasile,  M. Reichstein, K. Tansey, U. Weber and R. Valentini  (2009) Th e 

Sub-Saharan Africa carbon balance, an overview Biogeosciences Discuss., 6, 2085–2123, 2009  www.

biogeosciences-discuss.net/6/2085/2009/  © Author(s) 2009. 

Gee, G. W. and J. W. Bauder (1986). Particle size analysis. In A. Klute (Editor) Methods of Soil 

Analysis, Part 1. Physical and Mineralogical methods, 2nd Ed. Agronomy Series No. 9, ASA; SSSA, 

Madison Wisc., pp. 383 - 411

IPCC (2000). A Special Report of the IPCC. Land use, Land-use change, and Forestry. Cambridge 
University Press.

Karlsson, K. (2013). Calculating survey results for soil organic carbon in the United Republic of 

Tanzania: A report to the NAFORMA project organizations and the FAO . Finnish Forest Research 

Institute, Finland.

McLean, E. O. (1982). Soil pH and lime requirement. In A. L. Page (Editor) Methods of Soil Analysis, 

Part 2, Chemical and Microbiological properties, 2nd Ed. Agronomy Series No. 9, ASA; SSSA, Madison 

Wisc., pp. 199 - 224

NAFORMA (2010). Field Manual: Biophysical survey. NAFORMA DOCUMENT: M01-2010. 

Forestry and Beekeeping Division, Ministry of Natural Resources and Tourism, Th e United Republic 

of Tanzania, Dar es Salaam 

Nelson, D. W. and L. E. Sommers (1982). Total Carbon, organic carbon and organic matter. In A. 

L. Page (Editor) Methods of Soil Analysis, Part 2, Chemical and Microbiological properties, 2nd Ed. 

Agronomy Series No. 9, ASA; SSSA, Madison Wisc., pp.539 - 579

Tamminen, P., A. Tervahauta and R. Mäkipää (2012). Quality assurance of the Tanzanian NAFORMA 

soil survey. Finnish Forest Research Institute, Vantaa, Finland

Van Reeuwijk, L.P. (1993). Procedures for soil analysis 7th Edition, Technical Report 9, ISRIC – 

World Soil Information, Wageningen, Th e Netherlands.

References 2



National Forest Resources Monitoring and Assessment of Tanzania Mainland78

Main Result

Appendix 1.2: Development of soil carbon maps of Tanzania based on NAFORMA and other 
datasets

Author: Bas Kempena,, Abel K. Kaayab, Consolatha J.N. Mhaikib

a ISRIC World Soil Information, Waageningen Netherlands

b Sokoine University of Agriculture, Morogoro, Tanzania

Appendix 1.2: 
Development of soil carbon maps of Tanzania based on NAFORMA and 
other datasets

INTRODUCTION

Th e objective of this study was to develop soil 

carbon maps based on NAFORMA and non-

NAFORMA datasets for the United Republic 

of Tanzania. So far NAFORMA focussed on 

analysing the current soil carbon pools and stocks 

with the aim to be able estimate changes over time 

(Mäkipää et al., 2012). Th is study adds a spatial 

component to the NAFORMA soil carbon pool 

assessment by generating maps from the sample 

data. Th is allows the identifi cation of areas with 

high and low soil carbon concentrations.

Th e carbon maps were generated by digital 

soil mapping (McBratney et al., 2003). Th is is 

a quantitative approach to soil mapping that 

uses (geo)statistical models to predict the soil 

at unobserved locations from fi eld observations 

with the help of GIS data-layers such as land 

cover maps, satellite images or a digital elevation 

model. Maps were developed for the 0-10-cm, 

10-20 cm, 20-30 cm, and 0-30 cm soil layers. 

Th e soil maps are raster maps and have a spatial 

resolution of 250 m.

Th e statistical open-source software R was used 

for data analysis and mapping. Use of a scripting 

environment like R for soil mapping has several 

advantages. Th e most important ones are 

transparency and reproducibility of the mapping 

workfl ow. Th e fact that the mapping workfl ow is 

stored in a computer scripts allows for:

• easy integration of new data when these 

become available (e.g. profi le data or covariate 

layers);

• prediction at other spatial resolutions 

(e.g. 1km, 5 km, 10 km);

• prediction for user-specifi ed depth 

intervals;

• application to other areas (e.g. districts, 

regions, watersheds);

• mapping of other properties such as pH, 

sand, silt, clay content or micronutrients.

METHODS

Th e aim is to create a map of the SOC 

concentration from the SOC values observed at 

the fi eld sampling sites. Th is is done by spatial 

interpolation of these values at unsampled 

locations.

To mathematically describe the spatial 

interpolation method, the SOC values is 

designated as y, the interpolation (prediction) sites 

as s
0
, and the sampling sites as s

i
, with i = 1,...,n. 

Here n is the total number of sampling sites. 

Most spatial interpolation methods assume that 
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prediction (s
0
) is a weighted linear combination 

of n observations y(s
i
) in the vicinity of s

0
:

(1)

where 
i
 is the weight assigned to sampling site s

i
. 

Th e prediction locations s
0 
are typically the nodes 

of a regular grid. See Knotters et al. (2010) for a 

comprehensive overview on spatial interpolation 

methods, or Isaaks and Srivastava (1989) or 

Webster and Oliver (2007) for a practical guide. 

Th e main diff erence between the various spatial 

interpolation methods is the way in which the 

weights are determined. Here a technique called 

‘kriging’ was used. Kriging relates the weights 

to a model of spatial continuity, or spatial 

dependence, conditioned on the available data. 

Th e strength of the spatial continuity is quantifi ed 

with the semivariogram. Each kriging weight 

is related to the distance between prediction 

and observation point. Kriging weights down-

weigh observations that are spatially clustered. 

In this way, predictions are less aff ected by 

redundant information. Another important 

feature of kriging is that it also provides a local 

quality measure for each prediction. Th is makes 

it possible to judge the quality of the resulting 

map.    

Th e kriging weights are obtained by solving a 

linear system of equations, a.k.a. the kriging 

system. Th e kriging weights result in unbiased 

predictions. Furthermore, kriging ensures that 

the uncertainty associated to the predicted value 

is as small as possible. Th is means that among all 

linear predictors (examples of these are provided 

above), the kriging predictor is the most optimal 

one. Th e general expression of the kriging 

predictor is given by Goovaerts (1997):

 (2)

where m is a spatial trend.

Th e kriging predictor is derived from the general 

model of spatial variation (Heuvelink, 1996):

 (3)

where Y(s) is the target variable observed at 

spatial location s and  is the residual at s, i.e. the 

diff erence between the observed value and the 

modelled value m at location s.

Th e spatial trend m(s) can have diff erent forms. It 

can be a constant or a linear or non-linear function. 

In this mapping exercise, the trend will be taken 

as a linear function of a set of environmental 

variables, or covariates. Th ese variables represent 

important soil forming factors that can help to 

explain (or map) the spatial variation of the soil 

property of interest. Th e environmental variables 

must be spatially exhaustive, meaning that they 

must be available at every location for which the 

target soil variable should be predicted. Kriging 

in the presence of a linear trend is referred to as 

`regression-kriging’ (Hengl et al., 2007; Hengl 

et al., 2004; Odeh et al., 1995). Th e regression-

kriging model for Y(s) (Eq. 3) is defi ned as:

 (4)

where d(s) is a vector of environmental variables 

at spatial location s,  is a vector of trend 

coeffi  cients, and  is the residual. Th e residual is 

assumed to be spatially dependent, i.e. residuals 

at locations close together tend to be more similar 

than residuals locations that are further apart. 

Th e degree of spatial dependence of the residuals, 

i.e. the strength of the correlation between two 

sampling locations as a function of the distance 
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between the sampling locations, is described 

by the semivariogram. Th e semivariogram is a 

continuous function that models the strength of 

spatial dependence between sampling locations, 

expressed by the semivariance, as a function 

of the distance between locations (Isaaks and 

Srivastava, 1989; Webster and Oliver, 2007). Th e 

semivariogram is used in the kriging system to 

compute the kriging weights  (Eq. 2).

Th ere are various implementations of regression 

kriging. Here `Simple kriging with varying local 

means’ (Goovaerts, 1997) has been applied:

1. Extract the covariate information at the  

 sampling locations through an overlay  

 operation between covariate layers and  

 sampling points;

2. Calibrate between the target soil   

 variable  and covariate data by   

 fi tting a linear regression model to the  

 covariate data. Th is yields the vector of  

 trend coeffi  cients  (Eq. 4);

3. Estimate the trend at the sampling   

 locations m(s
i
) (Eq. 3) by applying   

 the linear regression model to   

 the sampling locations:  (Eq. 4);

4. Compute the residuals at the sampling  

 locations by subtracting the predicted  

 trend from the observed value:

                (5)

5. Fit a semivariogram model to the   

 residuals;

6. Krige the residuals to prediction   

 locations (Eq. 2):

                (6)

7. Apply the linear regression model to  

 the prediction locations to estimate  

 the trend: where     

 d(s
0
) is a vector with covariate values  

 observed at prediction location s
0
;

8. Predict soil property soil property Y  

 at unvisited location (s
0
) by adding the  

 Krige residual to the estimated trend   

 (Eq. 4):

           (7)

Th e local quality measure of each kriging 

prediction, which quantifi es the uncertainty 

of the prediction, is called the kriging variance.  

Kriging takes a stochastic (random) approach 

to quantifying and mapping spatial variation. 

It assumes that a predicted value is not a 

deterministic value but a random variable, which 

is a variable whose values are randomly generated 

from a probability distribution. In kriging, 

this is the normal (Gaussian) distribution. At 

each prediction location, the kriging algorithm 

predicts the two parameters of the normal 

distribution: the mean and the variance. Th e 

mean is the predicted value and the variance is 

the kriging variance. Th is means that kriging 

does not provide a single estimate of the property 

of interest at a prediction locations, as for 

example ID interpolation does, but a probability 

distribution of values of which the predicted 

value is the most likely one.

Here the prediction uncertainty is expressed by 

the 90% prediction interval (PI). Th is means 

that the true SOC concentration at a prediction 

location takes a value between the lower and 

upper bound of the PI with 90% probability. 

Th e 90% PI can be computed from the kriging 

predictions following classical statistical theory:
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         (8)

where  is the predicted value at prediction location 

s
0
, and  is the kriging variance at location s

0
. Th e 

lower and upper boundaries of the PI are back-

transformed from the log-scale to the original 

scale by exponentiation.

RESULTS

Four datasets with measurements on soil organic 

carbon (SOC) concentration were used as input 

for the prediction models (Fig. 1).

Table 1 provides summary statistics. Th ese 

were the NAFORMA dataset (1409 samples), 

the AfSIS sentinel site data (975 samples), the 

Tanzania data of ISRIC’s African Soil Profi le 

Database v1.1 (AfSP; 525 samples) (http://

www.isric.org/data/africa-soil-profi les-database-

version-01-1), and a dataset provided by the 

National Soil Survey of ARI Mlingano (NSS; 

306 samples)

A total of 37 environmental data layers were 

prepared for as covariates in the regression model, 

obtained from fi ve diff erent data sources. A land 

cover map was provided by the NAFORMA 

project. Th e e-SOTER methodology (www.

esoter.net)  (Dobos et al., 2005; Dobos et al., 

2010) was used to generate maps of three terrain 

attribute classes. A soil class and landform class 

map was derived from the SOTERSAF database 

(Dijkshoorn, 2003). From the AfSIS website, 21 

layers representing vegetation indices, spectral 

refl ectances, land surface temperature, albedo, 

terrain parameters were obtained. Four layers 

were obtained from the WorldGrids repository 

of ISRIC– World Soil Information (www.

worldgrids.org).

Table 1. Summary statistics for soil carbon data. Between brackets are the summary statistics for 
the NAFORMA soil dataset. 

Layer N Mean (%) Median (%) Min (%) Max (%)

0-10 cm 3,215 (1,410) 1.32 (1.48) 1.00 (1.17) 0.04 (0.02) 15.4 (15.4)

10-20 cm 3,187 (1,404) 1.10 (1.02) 0.81 (0.76) 0.03 (0.00) 9.02 (9.02)

20-30 cm 2,839 (1,382) 0.78 (0.80) 0.57 (0.60) 0.04 (0.00) 9.28 (9.28)

0-30 cm 2,926 (1,382) 1.07 (1.10) 0.81 (0.85) 0.04 (0.06) 9.26 (9.26)

Figure 1: 
Spatial distribution of the soil point observations of the 

four datasets used for carbon mapping.
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Soil organic carbon maps

Fig. 2 shows the map with predicted SOC 

concentrations (in %) for the 0-30-cm layer. Th e 

map shows relatively large carbon contents along 

the western boundary, the Serengeti plains, the 

volcanoes in the north and in a band stretching 

from Lake Nyasa? to the Indian Ocean. Low 

SOC concentrations were predicted in the 

central parts of Tanzania. Th is part of Tanzania is 

heavily used for agriculture, including slash-and-

burn agriculture. 

Such practices degrade the SOC pool. Th e 

predicted spatial patterns closely follow the spatial 

pattern of the carbon concentrations observed at 

sampling sites used to generate the maps (Fig. 

13.3). Predicted SOC concentrations decreases 

with depth, which is generally observed in soils. 

For the 0-10-cm layer the average predicted SOC 

concentration is 1.31%, for the 10-20-cm layer 

this is 0.93%, for the 20-30-cm layer 0.72%, and 

for the 0-30-cm layer 1.00%.

Figure 3:  
SOC concentrations (%) of the upper (left) and lower (right) boundary of the 90% prediction interval.

Figure 2:   
SOC concentration (%) 

predicted with regression-

kriging (RK) for the 0-30-

cm layer.
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Table 2:.
Cross-validation results. Th e ME is the mean error, MAE the mean absolute error, and RMSE the root 
mean square error.

Layer ME (%) MAE (%) RMSE (%) R2

0-10 cm -0.095 0.54 0.89 0.47

10-20 cm -0.066 0.38 0.62 0.49

20-30 cm -0.062 0.31 0.54 0.44

0-30 cm -0.044 0.34 0.54 0.59

Fig. 3 shows the SOC concentration of the upper 

and lower boundary of the 90% PI. Th e maps also 

show that the uncertainty is larger, i.e. the PI is 

wider, for areas where high SOC concentrations 

are predicted and smaller for areas where lower 

SOC concentrations are predicted. Th is means 

that predictions are more certain in areas 

where relatively low carbon contents have been 

predicted  compared to areas where relatively 

high carbon contents have been mapped.  

Information about prediction uncertainty can for 

example be used to compute the probability that 

the SOC concentration drops below a certain 

critical level or to investigate how uncertainty 

in SOC concentration propagates to outcomes 

of environmental models that use SOC data as 

input (e.g. crop production models).

Map validation

Soil maps are not perfect representations of reality 

and will contain errors. Th e question remains, 

how good is the map that was produced? Model 

validation puts a map to the test. Predicted values 

are compared with observed values. Map quality 

measures are computed from this comparison 

(Brus et al., 2011). Here cross-validation is used. 

Th e map quality measures considered here are 

the mean error (ME), which is a measure of 

bias (for unbiased predictions the ME should be 

close to 0), and the mean absolute error (MAE) 

and root mean square error (RMSE), which are 

measures of accuracy (Brus et al., 2011). Th e 

validation results are presented in Table 2. Th e 

ME is negative. Th is means that on average 

the predicted SOC concentrations are slightly 

too low. Th is small bias is caused by the back-

transformation from SOC concentrations on 

log-scale to original scale. (Th e modelling was 

done with log-transformed SOC concentrations 

to normalize the SOC distribution. A normally 

distributed variable is required for geostatistical 

modelling). Predictions on the log scale are, 

however, unbiased. Th e MAE and RMSE 

values decreases with depth, i.e. the accuracy 

increases with depth. But note that smaller SOC 

concentrations were also observed and predicted 

with depth, which tend to result in smaller errors. 

Fig. 4 shows scatter plots of the observed 

versus predicted SOC concentrations (on log-

scale). Th e plots show that there is a fairly good 

correspondence between observed and predicted 

SOC concentrations (on log-scale), which is 

evidenced by the R2-values. Th e prediction 

models explain between 44% en 49% of the 

variation in the dataset for the 10-cm layers and 

59% for the 0-30-cm layer.
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Figure 4: Observed versus predicted SOC concentrations (log%).

CONCLUSIONS AND RECOMMENDATIONS

(i.) Expand the NAFORMA soil database 

with soil profi le data from Zanzibar. Th e soils 

were sampled but the data was not available at 

the time of the mapping. SOC concentrations 

in Zanzibar tend to be a little larger than on the 

mainland. Th is is now not well represented by 

the map.

(ii.) Expand the NAFORMA soil database 

with data for deeper soil layers (e.g. 30-60 cm, 60-

100 cm; for approximately 250 sites spread evenly 

across Tanzania). Maps of subsoil properties will 

be relevant for many environmental applications.

(iii.) Expand the environmental covariate 

layer database with relevant layers. For example, 

with a map of bushfi re incidences.

(iv.) Apply the soil mapping workfl ow to 

map other soil properties relevant for soil fertility 

management and recommendations for which 

data is already available such as pH, bulk density, 

sand, silt, clay content.

(v.) Explore other digital soil mapping 

methods such as regression trees or random 

forest modelling. Compare the maps through 

validation to identify the best mapping method.
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Introduction

Countries, through the United Nations 

Framework Convention on Climate Change 

(UNFCCC), have recognized the importance 

of the maintenance and management of 

forest carbon stocks to global climate change 

mitigation. Many are preparing to address this 

issue through REDD+, which includes fi ve 

activities: reducing emissions from deforestation, 

reducing emissions from forest degradation, 

conservation of forest carbon stocks, sustainable 

management of forests and enhancement of 

forest carbon stocks.  REDD+ has the potential 

to deliver multiple benefi ts in addition to climate 

mitigation. REDD+ could help to secure the 

many functions of forests, including biodiversity 

conservation and ecosystem services such as 

water regulation, erosion control and the supply 

of timber and non-timber forest products. Direct 

social benefi ts from REDD+ are also expected in 

Tanzania, from improved forest governance to 

sustainable livelihood generation.

Tanzania’s National REDD+ Strategy recognizes 

that it is also important to take measures to 

avoid any negative environmental or social 

impacts that may arise from REDD+. Tanzania 

has a REDD+ Safeguards document, which 

is a national interpretation of the Cancun 

Safeguards. Among other things, it states that 

the REDD+ Programme will maintain and 

enhance conservation of Tanzania’s biodiversity 

and other ecosystem services, considering 

the needs of forest dependent communities 

and appropriate management and utilization 

methods. Regarding biodiversity, it specifi es that 

species or ecosystems that are rare, endemic or 

threatened with extinction should be identifi ed, 

protected and monitored. It also states that the 

Appendix 1.3: 
Mapping natural forests and biodiversity for addressing environmental 
safeguards in REDD+ spatial planning
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REDD+ Programme will protect natural forests 

from degradation and conversion to other land-

uses, and that it shall promote and use indigenous 

species to restore degraded areas. Furthermore, 

it makes it clear that the REDD+ Programme 

shall analyze the possible impacts on biodiversity 

and other ecosystem services when considering 

options for REDD+ actions.

Th e maps in this chapter are intended to assist 

decision-makers to identify potential zones for 

REDD+ action, taking the multiple goals of 

REDD+ into account.  Th ese maps are rapid 

to use, cost-eff ective to produce and easily 

customizable. Th ey can be used for awareness 

raising by the government or within participatory 

planning processes. In particular, they can be 

valuable in identifying areas of high opportunity, 

where REDD+ activities could deliver on both 

biodiversity and carbon objectives.  Th e maps 

may also be used to identify areas of potential 

high risk, for example areas of high biodiversity 

but with low carbon values, which could come 

under additional pressure if REDD+ policies 

were only to prioritize areas of high carbon. 

Further maps are available in the report “Using 

spatial information to support decisions on 

safeguards and multiple benefi ts for REDD+ in 

Tanzania”, together with a policy analysis. 

(http://www.un-redd.org/tabid/5954/Default.

aspx)

Methods

Natural forest

Th e initial decisions on REDD+ under the 
UNFCCC did not distinguish between natural 
and planted forests. Th is led to the concern that 
REDD+ could result in conversion of natural 
forests to plantations or other non-forest 
systems (Harvey et al. 2010). To address this, 
the UNFCCC’s Cancun Safeguards state that 
REDD+ actions should be: “consistent with the 
conservation of natural forests and biological 
diversity, ensuring that [REDD+] actions (...) 
are not used for the conversion of natural 
forests, but are instead used to incentivize the 
protection and conservation of natural forests 
and their ecosystem services, and to enhance 
other social and environmental benefi ts”. Th e 
Government of Tanzania, through its draft 
REDD+ Safeguards document, has identifi ed 
the protection of natural forests from 
degradation and from conversion to other 
land-uses as a priority.

Th e natural forest defi nition used for REDD+ 
will determine the coverage of the Cancun 
safeguard to protect natural forest. In doing so 

it places constraints on the areas that might be 
available for specifi c REDD+ actions, for example 
the development of plantations. UNFCCC has 
decided that countries shall set their own ‘forest’ 
and ‘natural forest’ defi nitions to serve their 
national forest monitoring system (UNFCCC 
2013). Th e Tanzania REDD+ Strategy defi nes 
natural forest as: “Forest composed of indigenous 
trees, not planted by man”. Th e REDD+ Strategy, 
as well as NAFORMA, follows the FAO Forest 
Resources Assessment (FRA) defi nition of forest, 
which defi nes forests as having a minimum tree 
crown cover value of 10 per cent, a minimum 
land area value of 0.5 ha, and a minimum tree 
height value of 5 metres (FAO 2010).

Th e Tanzanian Government has also submitted 
a national defi nition of forest to the Clean 
Development Mechanism (CDM) under the 
UNFCCC, defi ning forest as having a minimum 
tree crown cover value of 10 per cent, a minimum 
land area value of 0.05 ha, and a minimum tree 
height value of 2 metres. If this latter defi nition 
is applied instead, much bushland and thicket 
vegetation would be classifi ed as forest for 
REDD+ purposes. In comparison to the FRA 
defi nition, the defi nition submitted to the CDM 
could cause up to 38% of additional land  (12 
800 000 ha)  to be classifi ed not only as forest 
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land, but also natural forest.

Map 1 shows the diff erence between these two 
forest defi nitions, based on the NAFORMA 
land-use land-cover map. It shows clearly that 
the defi nitions of ‘forest’ and ‘natural forest’ have 
a strong infl uence on the extent of the area to 
which the safeguards apply.

Map 1 is not a perfect representation of the extent 
of natural forest, some provisos apply: fi rst, the 
broad vegetation classifi cations in the remote 

sensing-based NAFORMA land-use land-cover 
map may on a local level include stands that do 
not fi t the forest defi nition categories. Second, 
a strict interpretation of the natural forest 
defi nition would exclude areas inhabited by non-
native species. Th is possibility is not accounted 
for in these maps. Th ird, that same interpretation 
could also exclude forests where enrichment 
plantings have been carried out; these are also 
not distinguished on the maps. Plantations have 
already been excluded.
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Map 1: Natural Forest estimateds based on the Naforma land-use land-cover map
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Biodiversity: 

Biodiversity includes the diversity of ecosystems, species and genes. Th is report focuses on the species 

scale. Some areas of forest host more species than others. Furthermore some species are restricted 

to particular areas or types of forest which may or may not be the most diverse overall. Hence, 

biodiversity is diffi  cult to capture in a single indicator. A number of datasets have therefore been used 

to examine important aspects of biodiversity for Tanzania and how they relate to the distribution of 

aboveground biomass carbon (in this case, we are using a woody biomass carbon dataset, developed 

by NAFORMA).

An analysis of the diversity of the tree species in general and threatened tree species in particular 

using the NAFORMA inventory found the majority of trees of threatened species to be located in the 

Eastern Arc Mountains (a global plant biodiversity hotspot), as well as in coastal forest and in remote 

locations of the miombo woodlands (Map 2).

Th e study also mapped the overall distribution of birds, mammals and amphibians species and 

threatened species for these vertebrates. Th is information was combined with woody biomass carbon 

to allow identifi cation of areas that are high in both carbon and animal species richness. Map 3 

highlights the Eastern Arc Mountains as one of the few areas that have particularly high values of 

both threatened vertebrate species richness and woody biomass carbon. Such areas may be particularly 

important for REDD+ actions to conserve natural forests, and reduce human disturbances.

Map 4 shows the location of major wildlife corridors in Tanzania and how they relate to protected 

areas and natural forest. Wildlife corridors are vital for the long-term viability of wildlife populations 

and stability of protected ecosystems, but are in many cases subject to severe pressures such as forest 

degradation or land-use change (Jones et al. 2012). Wildlife corridors could potentially be a choice 

for targeted action under REDD+ for example through forest rehabilitation or increased protection, 

to simultaneously ensure protected or enhanced carbon stocks and continued viability of the habitat 

for migrating wildlife. 

RESULTS

Maps 2-4 provide examples of biodiversity information that can be considered when planning how to 

achieve the results that REDD+ actions should deliver, and determining in what locations diff erent 

REDD+ actions could be appropriate. For example, REDD+ actions to remove drivers of deforestation 

and forest degradation in natural forest or forest conservation eff orts could make a signifi cant 

contribution to biodiversity conservation if they were implemented in areas that are important for 

biodiversity. Th is could for example be areas with existing high biodiversity values or nearby areas that 

could serve as buff er zones. Degraded forest areas that still hold high biodiversity values, or functions 

as a wildlife corridor could be appropriate for forest restoration using appropriate methods.
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CONCLUSIONS AND 
RECOMMENDATIONS

Th e REDD+ safeguards and the benefi ts that 
REDD+ is expected to achieve can be important 
to include as an explicit consideration in all stages 
of national planning for REDD+. Tanzania’s 
REDD+ Strategy sets an ambition for REDD+ to 
achieve multiple benefi ts, and makes provisions 
for a safeguard information system that includes 
spatial data to be included in the country’s MRV 
system. 

Th e maps presented in this chapter can help 
identify potential actions for achieving multiple 
benefi ts from REDD+ while respecting the 
REDD+ environmental safeguards, and also 
support decisions on where such REDD+ 
actions can be undertaken. Th e NAFORMA 
land-use land-cover map can be used to estimate 
the distribution of natural forest, essential for 
application of the REDD+ environmental 
safeguards. Th e maps could also be used in other 
land-use planning processes at the national scale. 
Together with additional information, they can 
support discussions and decision-making in 
an integrated cross-sectoral planning process, 
including monitoring and evaluation of land use 
planning, as called for in the REDD+ Action 
Plan.

Some of the spatial information presented could 
also be used as input for defi ning indicators in 
a Safeguards Information System for Tanzania. 
Guidelines for the development of a plan for 
collection of information are outlined in Annex 
4 of the REDD+ safeguards document. For 
example, Tanzania may fi nd it useful to collect 
information the impact of REDD+ activities 
on wildlife corridors and threatened species, in 
addition to using their current spatial distribution 
to inform the location of REDD+ interventions. 

Th e maps in this chapter are intended for national 
level planning. Maps with similar themes can 

be developed for sub-national planning, using 
appropriate data. A next step for further analysis 
at either scale could be to estimate the multiple 
benefi ts that can be achieved by a proposed set 
of REDD+ actions. It could also be benefi cial 
to identify the economic costs and benefi ts of 
these activities to refi ne the analysis of REDD+ 
feasibility and benefi ts.
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INTRODUCTION 

Land cover change, and in particular 

deforestation, have a signifi cant impact on 

global greenhouse gas (GHG) emissions as 

well as human well-being (FAO & JRC 2012). 

Th erefore it is important to understand current 

and historical deforestation rates, as well as 

their trends and drivers. In United Republic of 

Tanzania (Tanzania), the drivers are relatively 

well known, but information on deforestation 

rate is lacking.

Tanzania is one of the pioneer developing 

countries that have committed to develop and 

implement a REDD+ activitiesto reduce GHG 

emissions from forests and increase forest 

carbon stocks. Having accurate information on 

historical deforestation and forest degradation 

rates is therefore particularly important for 

Tanzania. In eff ect, countries that wish to 

implement REDD+ activities are required by 

the United Nations Framework Convention 

on Climate Change (UNFCCC) to construct 

forest reference level(s) and/or forest reference 

emission level(s) (RL/RELs) taking into account 

historical data (UNFCCC, 2009). As Tanzania 

has recently initiated work on RL/RELs for 

REDD+, the country requires updated and 

accurate historical information on deforestation 

and forest degradation rates to construct a 

credible benchmark and assess the performance 

of its REDD+ activities over time. 

While there have been many studies focusing 

on mapping land cover in humid tropical 

forests, dry forest ecosystems and tropical open 

woodlands have received little attention despite 

their vast coverage (Bodart et al. 2013; Grainger 

1999). However, it has been shown that dry 

forests account for the greatest part of forest loss 

in Africa (Bodart et al. 2013; Brink et al. 2009).  

In the Global Forest Resource Assessment (FRA) 

country report, Tanzania has reported an annual 

deforestation area between 130,000  ha and 

500,000  ha and was among the six countries 

with the largest annual net loss of forest area for 

1990 – 2000 and 2000 – 2010 (FAO 2010a; b). 

However, these fi gures are known to be uncertain 

because they rely on linear interpolation of 

change estimates derived from a comparison of 

historical land cover maps and are therefore not 

based on a consistent methodology. 

Th e aim of this study was to improve the 

knowledge about historic land cover changes 

in Tanzania through a sample-based change 

assessment combining supervised, object-based 

classifi cation of Landsat images and visual review 

and revision of the automatically derived results 

by national experts.

Appendix 1.4: 
Mapping historical changes in land cover using Landsat data and 
combination of automatic classifi cation and visual interpretation.
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METHODS

Sampling design and image acquisition
Th e change assessment was conducted using the 

plot locations of the permanent NAFORMA 

fi eld sample sites. Each of the 856 permanent 

sample sites was covered with a 20 km x 20 km 

Landsat image tile for all three target years, which 

are 1990, 2000 and 2010. Th ese three target 

years were selected to provide a suffi  ciently long 

time series to detect potential change trends in 

certain land classes, particularly the forest and 

woodland classes. For the target year 2010, the 

Landsat acquisitions used for the NAFORMA 

LULC mapping were used. For 1990 and 2000, 

the corresponding Global Land Survey dataset 

(USGS 2009, Gutman et al. 2008) downloaded 

from Global Land Cover Facility (GLCF, 2013) 

was used.  

Pre-processing and automatic 
classifi cation

Before processing, all acquired scenes were 

converted to surface refl ectance images using 

LEDAPS pre-processing algorithm (LEDAPS 

2013; Masek et al. 2006).  After that, an automatic 

land cover classifi cation phase was applied 

consisting of three steps: 1) image segmentation, 

2) training data generation, and 3) actual land 

cover classifi cation. All the necessary algorithms 

to accomplish these steps were implemented 

using the Open Foris Geospatial Toolkit (FAO 

2013).

Th e images were segmented into homogeneous 

polygons using a multi-date image segmentation 

approach (FAO & JRC, 2012) and a number 

of segments were chosen as training samples for 

each output class. Th e selection of these samples 

was carried out automatically using several well 

established auxiliary data layers and a number of 

spectral rules. Th e applied auxiliary data layers 

were: year 2005 Moderate Resolution Imaging 

Spectroradiometer (MODIS) global water 

mask (Carroll et al., 2009), year 2000 MODIS 

Vegetation Continuous Fields (VCF) (Hansen 

et al., 2003), and year 2005 GlobCover (Arino 

et al., 2008). All pixels falling under clouds were 

excluded from the selection process. Finally, the 

number of observations in each training class 

was harmonized by randomly selecting 1000 

observations from each class. If the potential 

training data sets had less than 1000 observations, 

all of them were used.

Th e preliminary land cover classifi cation was 

done using the non-parametric Random Forest 

algorithm available in the R randomForest 

package (Breiman 2001; Liaw& Werner 2002). 

Random Forest is an ensemble algorithm which 

constructs multiple classifi cation trees (hence, 

the name Forest) in a randomized manner and 

uses them in assigning the output class to an 

observation. Here, the mode of the output results 

of the various trees was used.

Before the actual classifi cation, the iterative re-

weighted multivariate alteration detection (IR-

MAD) algorithm was applied to create change 

masks for both time periods, i.e., for 2000-2005 

and 2005-2010 (Nielsen, 2007; Canty, 2008).  

Th at allowed for using the automatically derived 

label of year 2000 classifi cation also for non-

changed segments of the 1990 and 2010 images 

and increased the consistency of the results. Th ose 

segments of years 1990 and 2010 which had 

changed in time were classifi ed independently.

Expert review and revision

Th e preliminary classifi cation results were 

reviewed and revised by two national experts 

using an adapted version of the JRC Land 

Cover/Use Change Validation Tool (Simonetti 

et al., 2011). Th is tool provides a graphical 

user interface, displaying simultaneously the 
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Landsat tiles and the corresponding preliminary 

land cover classifi cation map for two years per 

sample site (Figure 1). In addition to the Landsat 

imagery and local knowledge the experts used 

other auxiliary data sources such as Google Earth 

and topographic maps (scale of 1:50,000), where 

available. In order to minimize the costs for this 

step, the visual revision only took place on the 

central 5 km x 5 km of the sample site and the 

reviewers were advised to focus on correcting 

the labels of those segments which had changed. 

Th e fi nal legend contained the following 

classes: Forest, Woodland, Bushland, Grassland, 

Cultivated Land, Open Land, Water, Other Land 

and No Data & Clouds. 

Accuracy assessment

Th e accuracy of the revised classifi cation of 2010 

was assessed using 6,555 permanent NAFORMA 

sample plots covering 86% of the 856 LULC 

sample tiles. As the objective of the study was 

to assess changes in forest cover, the assessment 

was limited to “forest” according to the FRA 

defi nition (i.e. forest and woodland) and “non-

forest” (other) classes. To get a more holistic 

overview on the classifi cation accuracy in diff erent 

types of forests, it was assessed how the accuracy 

changed if “forest” was defi ned using diff erent 

volume thresholds. In other words, the accuracy 

of the discrimination between “forest and non-

forest” was compared using artifi cial division 

of the fi eld sample plots to these two categories 

using several diff erent volume thresholds. For the 

comparison purposes, the automated and revised 

classifi cation output class

Figure 19: The JRC Land Cover/Use Change Validation Tool.
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“forest” was re-defi ned in three diff erent ways: 

1) as “forest”, 2) as “forest” and “woodland” 

together, and 3) as a combination of “forest”, 

“woodland” and “bushland” classes.

Finally, the overall classifi cation accuracy at each 

volume threshold was determined as follows:

where:

acc = overall classifi cation accuracy

cor
f
 = number of image objects correctly classifi ed 

as forest

cor
nf
 = number of image objects correctly classifi ed 

as non-forest

n= total number of objects tested

                           

Results and discussion

Classifi cation accuracy

Th e accuracy for the class aggregations “Forest” 

and “Forest and Woodland” increased steadily 

with higher volume thresholds. For example, 

when considering all fi eld plots having volume 

higher or equal to 10m3/ha as forest, the accuracy 

of the revised classifi cation for forest and woodland 

class is 61% whereas the same fi gure for 40m3/ha 

threshold is 73% (Figure 2, bottom). Including 

the “bushland” in the “forest” class increases the 

classifi cation accuracy at low volume thresholds, 

but decreases it after the volume has reached 

roughly 25m3/ha. Th at implies that separating 

bushland from low-density forest and woodland 

remains a challenge. 

Figure 20: Relative number of forest and woodland fi eld sample plots and classifi cation 
accuracy at different volume levels and with different aggregation schemes.
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Figure 21: Annual changes in forest and woodland area with corresponding confi dence intervals.

Forest and woodland area changes

Th e gross gains and losses and net changes in area covered by forest and woodland are shown in Figure 

3. According to our analysis, the annual mean net loss in forest area was 68,000 ha in 1990 – 2000 

and 81,000 ha in 2000 – 2010.  Most of the gross loss of forest and woodland (21% for 1990 – 2000 

and 28% for 2000 – 2010) resulted in a conversion from forest and woodland to agricultural land. 

Figure 22: Annual gross loss in tree cover according to Hansen et al. (2013), including the original 
estimates and the ones adjusted based on the NAFORMA fi eld data.
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To fi nd further evidence for the lower deforestation 

rate than reported earlier, the recently published 

Global Forest Change (GFC) product (Hansen 

et al. 2013) was used for computed the annual 

gross tree cover loss estimates for Tanzania. Th e 

range of these estimates was from 93,000 ha to 

266,000 ha (see Figure 4) (Hansen et al. 2013). 

In order to take into account potential errors 

in the original tree cover (TC) product used by 

GFC to produce the change estimates, it was 

compared with NAFORMA fi eld data set. Th is 

comparison was done using 10 % TC classes of 

the GFC and it revealed that only a part of the 

total change in GFC product was due to changes 

in forest and woodland classes. Th erefore, the 

annual gross loss estimates by TC classes were 

adjusted by multiplying them by the share of 

forest and woodland plots within that class. Th is 

resulted in signifi cantly lower change estimates as 

the adjusted value for annual mean net loss in 

tree cover was 122,061 ha (see Figure 4).

Conclusions and recommendations

Th e study at hand presents the fi rst systematic 

land cover change assessment results for 

Tanzania mainland for the period 1990-2010. 

It was conducted using an automated object-

based analysis and visual review and revision by 

national experts.

Th e estimated net annual losses in area covered 

by forest and woodland were 68,000 ha for 

1990–2000 and 81,000 ha for 2000–2010. 

Th ese fi gures are considerably lower than the 

annual deforestation fi gures reported earlier to 

FRA by Tanzania (130,000  ha -  500,000  ha) 

(FAO 2010a) but, at the same time, more similar 

to the results reported recently by Hansen et al. 
(2013).

Th e historical change analysis applied here 

was designed using a sample-based approach 

with expert review and revision of the results. 

Originally intended to be a rapid assessment, the 

exercise proved more diffi  cult than anticipated. 

Th ree main reasons contribute to these diffi  culties: 

Firstly it is very diffi  cult to distinguish land cover 

classes in dry forests by Landsat data/medium-

resolution imagery only, as these dry sparse 

forests often have very low biomass volumes 

(Figure 2, top) and similar spectral signatures 

compared to some other land cover classes, such 

as open grassland (FAO & JRC 2012).Secondly, 

the number of classes applied during the revision 

phase was too high. Th at complicated the work 

of the reviewers and slowed down the whole 

process. Finally, the supervised land cover 

classifi cation relied on methods adapted to global 

land cover classifi cation. Th e results of the study 

suggest that perhaps a more locally or regionally 

tuned approach would be more appropriate for 

generating training data, especially when a large 

number of diffi  cult to discern vegetation classes 

are of interest. A more accurate initial classifi cation 

would make expert review and revision less time-

consuming and potentially increase the accuracy 

of the fi nal results. Th erefore, future studies 

should make use of the NAFORMA fi eld data to 

supply the desired local training data.

Separating low-volume forest and woodland land 

cover from other vegetation types with the help 

of Landsat type of imagery remains a challenge 

and the results indicate, that reliable separation 

(accuracy > 70%) of these classes becomes 

possible only when the volume of growing 

stock reaches the level of 30m3/ha. Th erefore, 

defi nitions of land cover classes and methods of 

monitoring changes should be chosen carefully 

and considering national circumstances as 

well as national and international reporting 

requirements.

In addition to diffi  culties in separating certain 

land cover classes is the high seasonal variation, 

biomass burning and high cloud cover in certain 

parts of the country complicate optical image 
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-based change assessment and increase the 

uncertainty of the corresponding estimates. Th ese 

are probably also the reasons for the discrepancies 

with earlier deforestation estimates as all of them 

are at least partly based on the use of Landsat type 

of data. Nevertheless, considering that 25% of 

the mapped GFC tree cover change in Tanzania 

results from low (< 10%) tree cover classes, it 

is likely that especially the biomass burning 

results rather in over- than underestimation of 

the changes. Th is conclusion is supported also 

by our comparison of the GFC product and 

NAFORMA fi eld data, which revealed that only 

roughly 60% of the mapped GFC change could 

actually be addressed to forest and woodland 

vegetation classes.

Th e change assessment results presented here 
were based on consistent methodology and 
local expert review and revision and showed 
high agreement with independently derived 
GFC estimates. However, considering the 
abovementioned challenges these results should 
be interpreted with care and additional evidence 
for lower deforestation rate sought also from 
other sources. 
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Main Result

1 www.naforma.tfs.go.tz____pg 4

2 For the sake of clarity, TFS is consequently used as the institutional host name of NAFORMA 
in the current text although it was not fully established at the time of starting the NAFORMA  
pg 4

3 During the last 20 months of NAFORMA, the SWAP-SC was however inactive____pg 7

4 Where a plot had two distinct vegetation types the plot level information would be recorded 
separately for the subplots. The sampling design allowed for maximum two subplots per plot 
pg 14   

5 For the full set of NAFORMA QA documents please see the NAFORMA website:  http://www.
naforma.tfs.go.tz/____pg 19

6 Diagnostic criteria are the ordering or arrangement of objects into groups or sets on the 
basis of their relationships (Sokal, 1974)____pg 24

7 Country level LULC NAFORMA maps are available at http://www.naforma.tfs.go.tz/____pg 27

8 A naive Bayes classifi er is a simple probabilistic classifi er based on applying Bayes’ theorem 
with strong (naive) independence assumptions; in R a function  random effect is applied so 
that it measures the difference between the average score of tree species’ length and the 
average score in the entire tree population and it is “random” because the trees have been 
randomly selected from a larger population of trees____pg 30

9 Zahabu (2008) used a biomass-carbon ratio of 0.49 (with references to MacDicken, 1997; 
Brown, 1997; Brown, 2003)____pg 30

10 The term TOF (trees outside forest) is used by the FAO/FRA to report those trees that are not 
included in forest and woodland classes____pg32

11 During the fi eldwork the villagers were asked about ownership of the forest, the fi gures on 
ownership refl ect the answers provided____40
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