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Valuing the Arc Programme  

Annual report to the Leverhulme Trust for 2009 
 

 

Overview and objectives 
 
Valuing the Arc (VtA) is an interdisciplinary programme with two broad parts.   
 
Part A – theoretical review.  This part of the programme aims to develop and publish a broad 
conceptual model for undertaking an „ecosystem services approach‟ to conservation.  This aims 
to be generic and applicable globally.  This stage in the project has now largely been 
completed. 
 
Part B – Eastern Arc case study.  The second part aims to test the conceptual model across a 
system that is important for biodiversity conservation and ecosystem service delivery.  We focus 
on the Eastern Arc Mountains (EAM) of Tanzania as a case study.   
 
Both parts of the programme are producing high level scientific papers, organizing workshops 
and seminars, and generating technical materials that are being fed into the policy process in 
Tanzania and beyond.  The programme is also helping build capacity on ecosystem service (ES) 
conceptualization, mapping and valuation in five British and two Tanzanian Universities, as well 
as within the WWF network.  Ideas developed are being promoted within other key 
collaborators in the USA-based Natural Capital Project. 
 
The first section of this report presents an overall summary of the main activities and findings in 
2009.  This is followed by a more detailed section on the development of each module of work, 
presented as an Appendix.  In both sections we discuss achievements and problems, as 
requested by the Trust in their response to our 2008 report.  
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Brief overview of progress of the Valuing the Arc programme 

Summary 

Much of 2008 was spent developing a conceptual framework for quantifying ecosystem 
services, and in gathering core data to test this approach in Tanzania. While this work has 
continued through 2009, we have also begun using this framework and the data to start 
generating various biophysical and socio-economic models describing the production, flow, use 
and value of services across the EAM.  The plan for 2010 focuses on the finalization and 
subsequent valuation of these models, towards their eventual synthesis in 2011.   
 
Overall, 2009 was a productive year for the VtA programme, marking the half-way point in the 
project. A total of nine scientific papers were published over the year, and several more were 
submitted to international journals.  These are in addition to the seven scientific papers and one 
book published in 2007 and 2008.  2009 also saw numerous presentations on Valuing the Arc 
given at workshops, conferences, and meetings.  Of particular note were presentations at a 
special symposium on ecosystem services in Africa which we organized at the Society for 
Conservation Biology (SCB) annual meeting in Beijing, and the use of VTA‟s carbon work which 
was presented through a Tanzanian government-organised meeting as part of their UN 
Framework Convention on Climate Change activities at the COP 15 meeting in Copenhagen. 
 
Significantly the project progressed from the conceptual phase of ecosystem service valuation, 
through the data collection stage and the development of a GIS land use database (now the 
most comprehensive data set that exists for this region of Tanzania), to the initial construction 
of spatially explicit models incorporating two future scenarios of change („hopeful expectations‟ 
and „business as usual‟).  Considerable progress was made with developing most of our models.  
However we have experienced difficulties in developing models of two services (tourism and, 
more significantly, hydrology), where substantial analytical difficulties have combined with 
staffing and data acquisition problems.  Recent progress in addressing these issues means we 
are optimistic that we can move modelling work on both these services forward in 2010.  
  
Ultimately the VtA programme is aimed at creating a blueprint for ES evaluation, and through 
that to help to inform international and national policy on ecosystem services.  Our most 
significant achievement so far on this front came when we were asked by the Tanzanian 
government to compile data on likely future carbon storage in the EAM, for it to use at the 
UNFCCC COP 15 meeting in Copenhagen in December 2009.  Within Tanzania the results of our 
carbon module have also been used to guide early implementation of the REDD (Reduced 
Emissions from Deforestation and Degradation) process. 
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In brief the key achievements of each of our modules in 2009 have been as follows: 
 

Carbon 

Throughout 2009 the VtA carbon module team was involved in data collection and processing.  
Carbon storage data have been collated from a total of 2500 sample plots and have been 
analyzed to provide a better understanding of the relationships between carbon storage and 
environmental parameters.  This is now probably one of the most accurate and best understood 
regional datasets on carbon values available anywhere in the world.  2010 will be spent 
undertaking additional field work, re-measuring a small subset of plots to estimate carbon 
sequestration, and developing models relating carbon storage and capture to climate change 
and anthropogenic influences on forest characteristics.  This module is in an advanced stage of 
development and will for the most part be completed in 2010. 
 

Timber 

Significant progress was made on the timber module over 2009.  It moved from a 
comprehensive inventory of timber stocks to information expressed at a pixel level via our land 
use database.  We also developed an extraction model that currently explains around 50% of 
the variance in timber harvesting, based on biophysical and socio-economic data.  We anticipate 
that this analysis, and most of the remaining work on this module, will be completed by the end 
of 2010.   
 

Hydrology 

Due to staffing problems and difficulties with data acquisition only limited progress was made 
on the hydrology module during 2009.  However, the UK module coordinator has worked with 
the US Geological Survey to substantially improve the principle modelling package we are using 
(the USGS‟s Soil and Water Assessment Tool, or SWAT), and sufficient rainfall data have now 
been sourced to enable us to apply the SWAT modelling approach to one or two individual 
catchments. A complementary approach, which might be suitable for our EAM-wide analyses, is 
also being explored, and involves the use of remotely-sensed estimates of precipitation. If our 
rainfall gauge data set corroborates these estimated data, we may then be able to build a 
robust hydrology model for the whole of our study area.  This is being explored in 2010.  
 

Non-Timber Forest Products (NTFPs) 

Throughout 2009 further data were collated on household use of NTFPs.  These data were 
incorporated into a database which in due course will be used to build a predictive model of 
NTFP use.  A further market field survey was undertaken and our valuation method was 
developed further.  Specifically, a spatially explicit transferable household production function 
approach was developed which utilizes existing data on actual household NTFP production 
activities.  We are optimistic that the bulk of work on this module will be completed by the end 
of 2010.   
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Biodiversity 

Over 2009 we finished collating species distribution maps for all threatened or endemic birds, 
plants, mammals, and reptiles that occur in the EAM. We are in the process of refining these 
from being coarse, so-called extent-of-occurrence maps, to depictions of species‟ areas of 
occupancy, by intersecting overall range data with knowledge from experts and the literature 
on species habitat preferences. By the end of 2010 all such maps for plants, birds, mammals 
and reptiles should be completed.  The UK existence value survey was successfully 
implemented in Jan/Feb and Apr/May 2009, the data has been analyzed and the study has been 
written up as a technical paper which was presented at ENVECON 2009 and is due to be 
submitted for journal publication in 2010. 
 

Tourism 

The development of the tourism module has suffered from staffing problems, which have now 
been resolved.  Data on tourism numbers and the economics of tourism in the Eastern Arc have 
been gathered in 2008 and 2009.  These data sets will be combined over the course of 2010 
and used to build a simple model of spatial variation in tourism numbers and value. 
 

Conservation costs 

During 2009 we investigated the costs of conservation (broken down into opportunity, damage, 
and management costs) through stakeholder interviews with local farmers and reserve 
managers.  Analyses so far have failed to explain observed spatial variation in opportunity costs, 
so further field work is planned for 2010.   
 

Degradation 

We have made significant progress over the past year in modeling spatial variation in habitat 
degradation.  A relational database of 1057 degradation transects was constructed which was 
used to predict degradation in the coastal dry forests of Tanzania.  This analysis approach will 
be applied to the rest of the VtA study area.  Initial models explain only 20% of the deviance 
found in the evaluation data set.  We are still unclear why, but this may be due to important 
predictors having been omitted, or simply due to natural noise.  This will be explored before a 
final degradation surface is produced. 
 

GIS and scenarios 

The two socio-economic scenarios („hopeful expectations‟ and „business as usual‟), which were 
first developed in 2008, were finalized in 2009.  A rule-based method was developed to 
transform these qualitative storylines into quantitative mapped descriptions of plausible change 
between now and 2025. These can now be represented as input variables in GIS, and in 
combination with service-specific models can be used to estimate possible impacts of alternative 
development pathways on the Tanzanian landscape and associated services. This approach has 
been employed to generate first-cut maps of how carbon storage across the EAM may change 
by 2025. We will expand this work to all services during 2011. 
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VtA module progress, problems (2009), and expectations (2010) 
Module Progress during 2009 Problems in 2009 Expectations in 2010 

Carbon Data collation on carbon storage 
in > 2500 plots in the EAM 
completed.  Relationships 
between carbon storage, forest 
type and environmental variables 
were investigated. 

There is a lack of data on 
carbon sequestration for 
Tanzania.  This is because 
established plots have not 
been revisited.   

Creation of regression based 
models exploring differences in 
carbon storage and carbon 
sequestration within each land 
use category and in relation to 
environmental parameters.  
Further field work required to 
obtain data on carbon 
sequestration.   

Timber Moved from data available at the 
inventory (plot) level to data at 
the pixel level. A timber 
extraction model was developed 
based on biophysical and socio-
economic data. 

The timber extraction 
model explained 50% 
variation based on these 
data.  We hope to 
improve this explanatory 
power through new 
interactions. 

Modelling the flow of timber 
using both demand and use.  To 
develop the valuation of timber. 
Investigate new interactions for 
timber extraction between 
distance and population data. 

Hydrology Refined USGS SWAT model so it 
provides a more realistic platform 
for modelling water flows in 
tropical systems 

Empirical progress was 
hindered by staffing 
constraints, data 
shortages, and data 
quality. 

Building an EAM-wide 
hydrological model.  

NTFPs Database collated on household 
use.  Market field survey 
undertaken.  Spatially explicit 
transferable household 
production function developed. 

Overall progress was 
good, but limited by data 
availability Possible 
additional data sources 
have been identified.   

Finalising data collection.  
Modelling NTFP use and value 
using the final data set.   

Biodiversity Significant progress made in 
refining species distribution maps 
of birds and plants so they reflect 
areas of occupancy rather than 
just extents of occurrence. The 
UK existence value survey work 
successfully completed and 
outputs available. 

Problems encountered 
relate to the acquisition of 
sufficient and accurate 
species distribution data 
for the EAMs.  Further 
data is required on the 
distribution of reptiles and 
mammals. 

Refining distribution maps for 
threatened and endemic 
mammals and reptiles for the 
EAMs.  

Tourism Explored how to develop a basic 
model of tourism for the EAM  

Progress hindered by 
staffing constraints, but TZ 
student has now 
completed data collection.  

Following the development of a 
suitable methodology, 
modelling will be completed by 
the end of 2010. 

Conservation 
costs 

Costs of conservation were 
investigated in terms of 
opportunity, damage, and 
management costs.   

Data on agricultural yields 
(as an indicator of 
opportunity costs of 
conservation) did not 
show predictable spatial 
variation, so alternative 
data sources are being 
investigated.   

Opportunity cost to be 
developed using proxies. 
Further data collection in 
Tanzania on management costs 
of conservation.   

Degradation Relational database developed 
based on data from 1057 

Data used to predict 
spatial degradation in 

Finalising the predictor data set.  
Identifying the impact of 
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degradation transects. coastal forests in TZ.  No 
model explained > 20% of 
the deviance, so we now 
need to investigate other 
predictors. 

degradation on biodiversity, 
timber, and carbon storage by 
relating vegetation conditions 
to plots. 

GIS and 
scenarios 

Two socio-economic land cover 
scenarios have now been 
implemented through the GIS.  
Rule-based method developed 
which transforms scenario 
storylines into map-based 
changes.  Significant GIS and 
modelling support given to 
carbon, hydrology, and NTFP 
modules. 

Problems relate to the 
acquisition and quality of 
basic GIS data sets. 

Revising the two socio-
economic land cover scenarios, 
refining GIS land classes, 
creating a map of carbon in 
degraded forest s, and 
providing general support to all 
module-specific spatial analysis. 

 

Staffing developments 

Project Coordination 

In the UK, Dr Neil Burgess accepted a position as Professor at the University of Copenhagen 
and will move in January 2010.  As a result he is vacating his position as programme 
coordinator and Dr. Julian Bayliss will be replacing him.  Dr. Burgess will still retain certain 
coordination responsibilities and will remain involved with the writing elements of the 
programme until its end.  In Tanzania, Prof Shadrack Mwakalila continued in his position as 
coordinator within the WWF office in Dar es Salaam.  The work of University of Dar es Salaam 
was coordinated by Prof Felix Mtalo and that of Sokoine University of Agriculture by Prof Seif 
Madoffe. 
 

Hydrology 

In the UK, Dr Celina Smith left the hydrology module in March 2009 leaving approximately one 
year of funding for a replacement.  There are two potential replacements who will be 
interviewed in early 2010.  A third potential candidate recently completed the MSc in 
Environmental Water Management at Cranfield, with a thesis using the SWAT model.  If none of 
these candidates proves suitable then the VtA programme would need to consider delivering the 
project with existing staff at Cranfield who have experience in SWAT modelling.  In Tanzania 
progress with data collection for this module continued with efforts by Prof Shadrack Mwakalila, 
Prof Felix Mtalo and Dr Joel Norbert.  Dr Norbert also continued with the work on developing a 
SWAT model for the Wami River Basin. 
 

Non-timber, timber and forest degradation 

Dr Brendan Fisher, employed on the programme for three years, has moved to a position at 
Princeton University, while Dr Sian Morse-Jones has moved to Australia. However, they are 
continuing to work on the programme‟s behalf within their new positions.  A replacement 
(Marije Schaafsma) has now been sought for Dr Morse-Jones.  Tanzanian student input to these 
modules was concluded in 2009. 
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Tourism 

For health reasons Chris Kirkby was unable to work on the tourism module (under the 
supervision of Dr Douglas Yu (now in China) and Dr Jafari Kidegesho in Tanzania).  However Dr 
Yu, Dr Julian Bayliss and Dr Jafari Kidegesho have now formulated plans for completing the 
modelling work during 2010. 
 

PhD students 

There were no new PhD students recruited in 2009.   
 

Masters and bachelors students 

There have been a total of 7 students trained at Sokoine University of Agriculture (SUA) 
through the VtA programme.  These area Joseph Makero (Timber), Kilonzo Muhuji (NTFPs), 
Christina Mohamedi (Governance), Deo Shirima (Carbon), Francis Shirima (Carbon), Amanzi 
Nurman (Governance), and Doreen Naza Emanuel (Tourism).  Doreen Naza Emmanuel was 
employed in late 2009 to complete the tourism data set that was initially compiled by Sana 
Okayasu as part of her masters thesis. 

 

Significant workshops, conferences, and meetings 
 
The programme held a series of internal workshops and meetings and presented the 
programme‟s work at several conferences during 2009. 
 

Meetings in Tanzania 

The main meetings in Tanzania during 2009 were: 
 
4th Valuing the Arc Programme Advisory Committee meeting: 6 March 2009, Markham Hotel, 
Dar es Salaam. 
 
Training course on Integrated Valuation of Ecosystem Services and Tradeoffs (InVEST): 4-6 
March 2009, Sokoine University of Agriculture, Morogoro. 
 
A meeting of all partners to review progress and plan activities and priorities for the rest of the 
programme: 2 - 5 November 2009, Kunduchi Beach Hotel, Dar es Salaam. 
 
5th Valuing the Arc Programme Advisory Committee meeting: 4 November 2009. Kunduchi 
Beach Hotel, Dar es Salaam. 
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Meetings outside Tanzania 

Society for Conservation Biology annual meeting: 11-16 July 2009, Beijing. We worked with 
colleagues from South Africa to co-organise an 8-talk symposium entitled “Making ecosystem 
services count: real-world progress from Africa”. This included four presentations on Valuing the 
Arc: 

“Exploring ecosystem service delivery and change in the Eastern Arc Mountains of 
Tanzania” 
 “Mapping carbon storage and water flows across a biodiverse landscape” 
“Building scenarios to explore the future of ecosystem services in eastern Tanzania” 
“From data to decisions: how understanding ecosystem services can shape policy 
decisions in Tanzania” 

 
United Nations Framework Convention on Climate Change COP 15 meeting: December 2009, 

Copenhagen. VTA research findings (on carbon storage, and how it much change under 
plausible scenarios of future development) were used as a showcase presentation by 
Tanzanian government representatives.  

 
 

Additional conferences and seminars where VTA work has been presented 
 
Ruth Swetnam (Cambridge) 
9 Jan 2009: Murray Edwards College Cambridge. RDS gave talk to the Cambridge Conservation 

Forum Symposium titled “Valuing ecosystem services in Tanzania”. 
 
13 Jan 2009: University of York, ESRC Seminar Series on Ecosystem Services. RDS gave a 

presentation titled “Valuation of ecosystem services in Tanzania: incorporating spatial and 
temporal dynamics”. 

 
March 2009: University of Cambridge, RDS gave lunchtime seminar to the Political Ecology 

group of the Department of Geography, invited by Prof Bill Adams. 
 
26 June 2009: Talk to Prof Hugh Possingham and Conservation Science Group on VTA spatial 

modelling work. 
 
12 Nov 2009: Talk on Ecosystem services and VTA work to WCMC and visitors from the 

Tanzanian Dept of Forestry & Bee Keeping. 
 
7 Dec 2009: Talk to the Cambridge Conservation Initiative on “Valuing ecosystem services in 

Tanzania: an update from Valuing the Arc”. 
 
WWF – TZ staff 
24 – 26 February 2009. International Global Climate Initiative Training Workshop on Climate 

Change Policy and Advocacy, held in Nairobi. 
 
25-27 May 2009. International Workshop on Governance and Management of Ecosystem 

Services in Africa under Scenarios of Change, held in Nairobi. 
 



VTA Annual Report  2009 
 

9 

 

June 2009. A paper on how understanding ecosystem services can shape policy decisions in 
Tanzania was presented to the steering committee of Tanzania Commission for Science & 
Technology (COSTEC) in Dar es Salaam. 

 
Sian Morse-Jones (UEA) 
20 March 2009: Testing the Theoretical Consistency of stated preferences for wildlife 

conservation, presented at ENVECON 2009 Applied Environmental Economics Conference, 
hosted by the UK Network of Environmental Economists (UKNEE), ENVECON, Royal Society, 
London. 

 
Kerry Turner (UEA) 

4 Sept 2009: Talk on Valuing Ecosystem Services, FRESH/ESRC Seminar, Royal Society, London. 
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Timetable ɀ summary of personnel and activities in 2009 

 

Item  Jan-
Mar09  

Apr -
Jun09  

Jul -
Sep09  

Oct -
Dec09  

     

Part A -  Theoretical Review      

Economics Postdoc (UK)     

Drafting papers     

     

Part B -  Eastern Arc Case Study      

Student progress      

Carbon Post doc (UK)     

Carbon PhD (UK)     

Carbon Masters (TZ)     

Timber Masters (TZ)     

Hydrology Postdoc (UK)     

Hydrology Postdoc (TZ)     

NTFP Masters (TZ)     

Governance Masters (TZ)     

Animal biodiversity PhD (UK)     

Plant biodiversity PhDs x2 (KITE)     

Tourism Masters (TZ)     

Valuation PhD (TZ)     

Module development      

Modelling carbon storage     

Modelling timber volumes and 
values 

    

Modelling hydrological flows and 
values 

    

Modelling NTFP amounts and 
values 

    

Socio-economic scenarios (TZ and 
UK) 

    

Modelling plant and animal 
distribution 

    

Climate change scenarios (UK)     

Modelling tourism     

Biodiversity existence values (UK)     
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Plans for 2010 
 
Part A – Theoretical Review.   
A conceptual model has now been developed and a working methodology is now under test in 
the field.  The VtA team will continue to augment the literature review of ecosystem services 
research.   
 
Overall goals. A series of scientific papers has already been published as a result of the 
theoretical review and conceptual model (see publications).  By the end of 2010 it is envisaged 
that further papers will also have been produced and published. 
 
 
Part B – Eastern Arc Case Study.  For the majority of ES modules work is on schedule and 
progressing well.  The programme will continue with the work it has started in the UK and 
Tanzania.  Detailed workplans have been developed and in broad terms these are as follows: 
 
Overall goals.  By the end of 2010 it is expected that the biophysical and socio-economic 
models for all ecosystem services will be sufficiently developed that overall synthesis can begin.  
Further field work will be undertaken for the Biodiversity and Carbon (sequestration) modules 
from April-June and July-December 2010 respectively.  Work will also continue on the mapping 
of socio-economic and climate change scenarios to further explore how the delivery of services, 
biodiversity, and economic values may change according to these alternative views of the 
future. 
 
Cambridge University.  The team will continue to compile and integrate available GIS data to 
underpin the analyses of individual services that forms the core of the case study work.  In 
2010  they will focus on processing MODIS burnt area data, revising our two scenarios and 
thereby modifying the surfaces describing future land use, assisting in the creation of a spatially 
explicit surface describing NTFP extraction, creating a map of forest degradation, coordinating 
the development of the tourism module, and supporting spatial analysis across other service 
modules.  The team will also continue to produce papers, coordinate the programme in 
Tanzania and UK, and maintain the collaboration with the York Institute for Tropical Ecosystem 
Dynamics (KITE) and the Natural Capital Project.   
 
Cranfield University.  2010 will be an important year for the hydrology team. After significant 
setbacks in data acquisition and staffing issues in 2009 it is hoped that 2010 will see the 
development and completion of the hydrology model.  The data required in order to generate 
this model will either come from the 25 monthly rainfall gauges already obtained from Tanzania 
or through the use of the Tropical Rainfall Measuring Mission (TRMM) precipitation data.  It is 
likely that the rain gauge data set will be used to validate the TRMM data.  If acceptable the 
TRMM precipitation data will be employed to generate the model. 
 
University of East Anglia (UEA).  In 2009 the UEA economics team produced a series of 
scientific papers and contributed to several book chapters.  The theoretical review of the 
ecosystem services approach is largely completed, a conceptual model has been developed, and 
a working methodology is now under test in the field.  In 2010 the UEA team will continue 
working on biodiversity existence values, gathering economic data on the values of water, 
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timber and non-timber forest products, and completing the work on socio-economic scenarios 
for the region.  They also will fine-tune the valuation method for the NTFP module.   
 
York University.  Over the course of 2010 the team in York will further develop the carbon 
module in collaboration with the team in Leeds.  Several publications submitted in 2009 should 
be published in 2010.  The VTA team at York will also collaborate with KITE over the completion 
of several scientific papers that span both projects. 
 
Leeds University.  The team in Leeds will continue working on the development of the carbon 
module.  One key focus in 2010 will be finalizing the field work in order to gain data on carbon 
sequestration.  Data on storage currently exists from over 2000 plots, but this field work will 
involve re-measuring selected forests plots to quantify carbon flux over time.  
 
University of Dar es Salaam (UDSM).  One PhD student will continue his work on NTFPs and 
their valuation.  A consultant will continue to work on the hydrological data and modelling.  
Senior staff will continue to have input to the development of the various service models and to 
scientific papers.   
 
Sokoine University of Agriculture (SUA).  Masters students will continue their work.  Input of 
senior staff to developing models and writing papers will continue. One student will specifically 
work on the completing the tourism data set, prior to the production of the tourism model.   
 
WWF Tanzania Country Office (TCO).  The TCO will continue in its role as a facilitator within 
Tanzania.  It will provide the necessary support to the remaining field work, assist in the 
gathering of data where required, and work on linking programme results to the policy process 
with a particular focus on inputs to the development of a mechanism for REDD (Reduced 
Emissions from Deforestation and Degradation) payments in the country.  A policy analysis 
document will be produced.  Input will be provided to the emerging work on REDD in Tanzania 
being funded by the Norwegian Government.  Links will also be maintained to the development 
of the new Forest Policy for Tanzania, and the implementation of the Water Policy and Water 
Act. 
 
KITE programme.  We will continue to implement our MoU with the KITE project in York 
University and thereby support their work while benefitting from the research that they are 
doing on plant biodiversity patterns, forest degradation patterns, and the impacts of climate 
change.  We will work on collaborative papers on these topics. 
 
Natural Capital Programme.  We will continue to work with the USA-based Natural Capital 
programme to complete and publish the results of „Tier 1‟ models of ecosystem services in the 
Eastern Arc Mountains as provided by their InVEST GIS mapping programme.   
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Papers and other publications (full list) 
 
 

2007  

 
Fisher, B. and R.K. Turner (2007 ). Valuing the Arc: applying environmental decision-making 

methodology in Tanzania's Eastern Arc Mountains. Britain in 2008 , 14. 
 
 

2008  

 
Fisher B., Turner, R.K., Balmford, A., Brouwer, R., Costanza, R., de Groot, R., Farber, S., 

Ferraro, P., Green, R., Hadley, D., Harlow, J., Jefferiss, P., Kirby, C., Morling, P., Mowatt, 
S., Naidoo, R., Paavola, J., Strassburg, B., Yu D., and M. Zylstra (2008 ) Ecosystem 
services and economic theory: Integration for policy-relevant research Ecological 
Applications , 18(8): 2050–2067. 

 
Turner, R.K. and B. Fisher (2008). To the rich man the spoils. Nature , 451: 1067-1068. 

 
Naidoo, R., Balmford, A., Costanza, R., Fisher, B., Green, R.E., Lehner, B., Malcolm, T.R., and 

T.H. Ricketts (2008 ). Global mapping of ecosystem services and conservation priorities.  
Proceedings of the National Academy of Sciences , 105(28): 9495-9500. 
 

Fisher, B. and R.K. Turner (200 8). Ecosystem Services: classification for valuation.  Biological 
Conservation , 141: 1167-1169. 
 

Blomley, T., Pfliegner, K., Isango, J., Zahabu, E., Ahrends, A., and N.D. Burgess (2008 ). Seeing 
the wood for the trees:  Towards an objective assessment of the impact of Participatory 
Forest Management on forest condition in Tanzania.  Oryx , 42: 380-392. 

 
Turner, R.K., Georgiou S., and B. Fisher (2008 ). Valuing Ecosystem Services: The case of 

multifunctional wetlands. Earthscan Publishing, London. 229pp. 
 

Fisher, B. (2008 ). Review of Ecology and Ecosystem Conservation by Oswald Schmitz. Oryx , 
42: 155-156.  
 

Hess, S., van Beukering, P., Kayharara, G., Geofrey, V., and W. Haider (2008 ). Livelihoods in 
the Uluguru Mountains of Tanzania: survey report and choice model. Institute for 
Environmental Studies (IVM), Vrije Universiteit Amsterdam, The Netherlands. 

 
Gunning, A. (2008 ). Bachelors project on the Non-Timber Forest Products of the Eastern Arc 

Mountains.  Cambridge University. 
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Leyland, A. (2008 ). Bachelors project on the management effectiveness of the reserves in the 
Eastern Arc Mountains.  Cambridge University. 

 
Okayasu, S. (2008 ). Masters Project on tourism in the Eastern Arc Mountains.  Imperial 

College, London University. 
 
Jones, I. (2008 ). Masters project on the harvesting of poles from the Eastern Arc Mountains of 

Tanzania.  York University. 
 
 

2009  

 
Fisher, B., Turner, R.K., and P. Morling (2009 ). Defining and classifying ecosystem services for 

decision making. Ecological Economics , 68(3): 643-653. 
 
Strassburg, B., Turner, R.K., Fisher, B., Schaeffer, R., and A. Lovett (2009 ). Reducing 

emissions from deforestation - the combined incentives mechanism and empirical 
simulations. Global Environmental Change , 19(2): 265-278. 

 
Fisher, B., Balmford A., Green, R., and R. Trevelyan (2009 ). Conservation science training: the 

need for an extra dimension. Oryx , 43(3): 361-363. 
 
Fisher, B., Bolt, K., Bradbury, R., Gardner, T., Green, J., Hole, D., and R. Naidoo (2009 ). Two 

cultures of conservation. Conservation Biology , 23(5): 1069-1071. 
 
Hall, J., Burgess, N.D., Lovett, J., Mbilinyi, B., and R.E. Gereau (2009 ). Conservation 

implications of deforestation across an elevational gradient in the Eastern Arc Mountains, 
Tanzania. Biological Conservation , 142: 2510-2521. 

 
Burgess, N.D., Clairs, T., Hagelberg, N, Haule, C., Kilahama, F., Kilawe, E., Lyatuu, and N. 

Sekhran (2009 ). Saving Forests to Reduce Global Warming: the United Nations “REDD” 
Programme in Tanzania. The Arc Journal , 24: 11-14. 

 
Mwakalila, S., N.D. Burgess, Ricketts, T., Olwero, N., Swetnam, R., Mbilinyi, B., Marchant, R., 

Mtalo, F., White, S., Munishi, P., Marshall, A., Malimbwi, R., Smith, C., Jambiya, G., Madoffe, 
S., Fisher, B., Kajembe, G., Morse-Jones, S., Kulindwa, K., Green, J., and A. Balmford 
(2009 ). Linking science with stakeholders to sustain natural capital. The Arc Journal , 23: 
22-27. 

 
Edge, A, Burgess, N.D., and R. Malimbwi (2009 ). The charcoal trade in eastern Tanzania. 

Miombo , 4: 5-8. 
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Valuing the Arc – a programme to map and value ecosystem services in Tanzania. 
Mountain Research Initiative Newsletter , 18(3): 18-21. 

 
Turner, R.K. and B. Fisher (2009 ). An ecosystem services approach: income inequality and 

poverty. In Salih, M. (ed) Climate Change and sustainable development: new challenges and 
poverty reduction, Edward Elgar: Cheltenham, pp. 36-46.  

 
 

2010  

 

Doherty, R.M., Sitch, S., Smith, B., Lewis, S.L., and P. Thornton (2010 ). A green future for East 
Africa: implications of future climate and atmospheric CO2 content on regional carbon 
cycling and biogeography. Global Change Biology , 16: 617-640. 

 

Fisher, B., Kulindwa, K., and N.D. Burgess (2010 ). Common pool resource management and 
PES: lessons and constraints for water PES in Tanzania.  Ecological Economics , 69: 1253-
1261. 

 

In Press 

 
Platts, P.J., Ahrends, A., Gereau, R. E., McClean, C. J., Lovett, J. C., Marshall, A. R., Pellikka, P. 

K. E., Fanning, E. and R. Marchant (in press ). Can distribution models help refine inventory-
based estimates of conservation priority? A case study in the Eastern Arc forests of Tanzania 
and Kenya. Diversity and Distributions . 

 

Marshall, A.R. and P.T.K. Munishi (in press ). Valuing the Arc: measuring and monitoring forest 
carbon for offsetting. In Kareiva, P., Ricketts, T., Daily, G., Tallis, H., and Polasky, S. (eds.). 
The theory and practice of ecosystem service valuation. Oxford University Press, Oxford. 

 

Burgess, N.D., Madoffe, S., Gunning, A., Kilonzo, M., Jones, E., Swetnam, R., and S. Mwakalila 
(in press ). The importance of Non Timber Forest Products as an ecological service in 
developing countries – some examples from Tanzania. In Kareiva, P., Ricketts, T., Daily, G., 
Tallis, H., and S. Polasky (eds). The theory and practice of ecosystem service valuation. 
Oxford University Press, Oxford. 

 
Turner, R.K., Morse-Jones, S., and B. Fisher (in press ). Ecosystem valuation: A sequential 

decision support system and quality assessment issues. Annals of the New York 
Academy of Sciences -  Ecological Economics  Reviews . 

 

Swetnam, R.D., Marshall, A., and N. Burgess (in press ). Valuing services in the Eastern Arc 
Mountains of Tanzania. BES Bulletin . 
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Submitted 

 

 

Morse-Jones, S., Turner, R.K., and B. Fisher (submitted ). Ecosystem valuation: some 
principles and a partial application. Environmetrics .  

 

Balmford A, Rodrigues, A., Green, R., Fisher, B., Naidoo, R., Strassburg, B. and K. Turner 
(submitted ). Assessing the economic consequences of losing biodiversity and ecosystems. 
Environmental and Resource Economics . 

 
Swetnam, R.D., Fisher, B., Mbilinyi, B.P., Munishi, P.K.T., Willcock, S., Ricketts, T.R., Mwakalila, 

S., Balmford, A., Burgess, N.D., Marshall, A.R., and S. Lewis (submitted ). Mapping socio-
economic scenarios of land cover change: a GIS method to enable ecosystem service 
modelling.  Journal of Environmental Management . 

 
Shirima, D.D., Munishi, P.K.T., Lewis, S.L., Burgess, N.D., Marshall, A.R., Balmford, A., 

Swetnam, R., and E. Zahabu (submitted ). Carbon storage, structure and composition of 
Miombo woodlands in Tanzania‟s Eastern Arc Mountains. African Journal of Ecology . 

 
Burgess, N.D., Clairs, T., Danielsen, F., Dalsgaard, S., Funder, M., Hagelberg, N., Haule, C., 

Kilahama, F., Kilawe, E., Lewis, S.L., Lyatuu, G., Marshall, A., Munishi, P.K.T., Nashanda, E., 
Sekhran, N., Shirima, D., Swetnam, R.D., Willcock, S., Williams, A., and E. Zahabu 
(submitted ). Saving forest to reduce global warming: the United Nations “REDD” 
Programme in Tanzania.  Oryx . 

 
Ahrends, A., Burgess, N.D., Lewis, S.L., Bulling, M.T., Clarke, G.P., and S.A.H. Milledge 

(submitted ). Predictable waves of degradation spreading from an African city.  
Proceedings of the National Academy of Sciences . 

 
 
Web Sites  
 
The Valuing the Arc website (www.valuingthearc.org) has been developed to further 
disseminate the programme‟s findings. 
 
Input has also been made to the Natural Capital Project‟s website, 
 www.naturalcapitalproject.org/tanzania. 
 

http://www.pnas.org/
http://www.valuingthearc.org/
http://www.naturalcapitalproject.org/tanzania
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Appendices: 

Progress of the Valuing the Arc programme (in detail) 

 

Part A - Theoretical review 
 
The theoretical review was undertaken by Prof Kerry Turner, Dr Brendan Fisher, and Dr Sian 
Morse-Jones at the University of East Anglia and other members of the Valuing the Arc team.   
 
This module was largely completed in 2009 resulting in the publication of 11 peer-reviewed 
papers and a book chapter (see publications).  In addition several more publications have been 
submitted and more are planned. 
 
The module developed the theoretical framework for the Ecosystem Services Approach (ESapp) 
resulting in a novel classification and sequential assessment methodology.  The former adapts 
the classification system compiled by the Millennium Ecosystem Assessment team in order to 
tailor it to the needs of an assessment method that yields economic values for final ecosystem 
services benefits.  The distinction made between intermediate and final ecosystem services is 
fundamental and helps to guard against double counting error.  The sequential approach 
highlights a set of interpreted steps in the analytical process that results in a set of interrelated 
estimates of ecological service values.  The approach highlights the importance of initiating the 
natural and social science analysis in a spatially explicit format.  On the basis of spatially explicit 
ecosystem services generation and benefits distribution, the analysis then proceeds to identify 
environmental changes.  To fit into an economic cost-benefit frame, the ecosystem transitions 
that are identified and evaluated must be „marginal‟.  Further steps in the assessment method 
are designed to take account of non-linearities in the benefits provision and possible threshold 
(non-convexities) effects.  This economic valuation methodology is then encompassed within 
the overall ESapp framework. 
 
The macro-scale framework includes scenario building and assessment, distributional analysis 
and the exploration of governance regimes and their influences on ecosystem change and 
management and livelihood provision.  Monitoring and information feedback measures complete 
the feedback loop with ESapp. 
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Part B - Eastern Arc case study 
 
The Eastern Arc case study involves the development of a number of ES modules and the 
progress with each of these over 2009 is outlined in detail below.   
 
 

Carbon 
 
The main people involved with the carbon module are Dr Simon Lewis and Simon Willcock 
(University of Leeds), Prof Jon Lovett and Dr Andrew Marshall (University of York), and Prof 
Pantaleo Munishi and Deo Shirima (Sokoine University of Agriculture).  
 
In summary 2009 was spent in data collection and processing.  The data from all plots are 
currently being analysed to provide insights into how carbon storage varies among different 
forests across Tanzania, to provide a better understanding of the relationships between carbon 
storage and environmental parameters which can then be incorporated into the carbon model.  
Overall the development of this module has continued as planned with good progress made 
throughout 2009.  Notable milestones in 2009 were: 
 

1. Data from 2500 sample plots (forest and woodland) were collated and processed.  
These will be used to estimate carbon storage covering the study area. 

2. Field work consisted of successfully adding 50 extra sample plots from under-sampled 
areas.  This work was undertaken by Simon Willcock, under the supervision of Dr Simon 
Lewis, Professor Munishi and Professor Jon Lovett. 

3. An extensive literature review was undertaken to obtain values of carbon storage for 5 
carbon pools for each land cover type in the Eastern Arc Mountains.  Results were 
incorporated into the scenarios and also in a manuscript (Swetnam et al. Mapping socio-
economic scenarios of land cover change: a GIS method to enable ecosystem service 
modelling, submitted to the Journal of Environmental Management). 

4. By invitation the carbon team gave a presentation on their results at the Tanzanian 
government‟s „Reduced Emissions from Deforestation and forest Degradation‟ (REDD) 
side event (Carbon storage in Eastern Tanzania) at the United Nations Framework 
Convention on Climate Change in Copenhagen in December 2009. 

5. The Carbon module was given special mention as an important contribution in the REDD 
implementation by the Tanzanian Minister for Environmental at the launch of the 
Norwegian $100 million REDD pilot project (August 2009).   

6. In December 2009 a presentation was given at the 7th annual Tanzanian Wildlife 
Institute (TAWIRI) on „Carbon, Elevation, and Forest Disturbance in the Eastern Arc‟. 

7. The carbon results were used to estimate the true costs associated with REDD (Fisher et 
al, in prep, In the REDD: estimating the real bill for slowing carbon emissions from 
tropical deforestation). 

8. A short book chapter was written on the module to be included in a book about 
ecosystem services (Marshall & Munishi, in Kareiva et al., in press).  

9. Sample plot data were used to verify outputs from a climate change model that runs 
within Global Circulation Models (Doherty et al., 2010). 
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A Tier 1 model was constructed for carbon values using the INVEST modelling software 
developed by the Natural Capital Programme (Taylor Ricketts and Nasser Olwero WWF–US).  
This was a relatively simple model that related the land use cover to approximate carbon 
storage values.   
 
This model was improved in a Tier 2 model, which employed refined carbon storage values 
more applicable to the study area and also an element of uncertainty.  This model uses carbon 
values from an extensive literature review as well as a large dataset for carbon estimates for 
each landcover type in the study area across five carbon pools (aboveground; litter; coarse 
woody debris; belowground; and soil).  Once finalised the Tier 2 model will be used with 
current and past land use maps in order to estimate the carbon released due to land use 
change in the study area over the past century.  
 
For woodland and forest land cover categories the Tier 2 model will be superseded by a Tier 3 
model involving the creation of a regression model to better understand the relationship 
between carbon storage and the environmental parameters. This will be complemented with a 
Tier 4 model, similar to the Tier 3 model but examining the relationship of carbon sequestration 
to environmental parameters.  The Tier 3 model differs in that it is a regression model able to 
show differences in carbon storage within each land-use category.  This will be based on our 
plot data and take into account climatic and anthropogenic categories.  It will estimate the 
carbon distribution within the land classes separately as well as providing possible insights into 
the drivers of the transition between these two categories. 
 
Additional fieldwork is proposed for 2010. There is a lack of data on carbon sequestration in 
Tanzania, with numerous plots being set up but never revisited. Between July and November 
2010, Simon Willcock will re-measure the permanent sample plots set up under Valuing the Arc 
by Dr Andrew Marshall and also those set up before VTA commenced, by Prof Jon Lovett. The 
sequestration and productivity data derived from this will input into the Tier 4 model, relating 
climatic and anthropogenic factors to rates of change of forest characteristics. 
 

 

Timber  
 

The timber module is coordinated by Phil Platts (University of York), Simon Willcocks (University 
of Leeds), Antje Ahrends (University of York/Royal Botanical Gardens Edinburgh), and Brendan 
Fisher (formerly University of East Anglia). 
 

2009 saw significant progress on the timber module as we moved from an inventory of timber 
stocks at the plot level in the EAM to information at a pixel by pixel level, with mapped data on 
the number of stems, standing volume, frequency of distribution of DBH, and probability of 
major timber species in all forest classes in EAM blocks.   
 
Our latest model of rates of timber extraction currently explains about 50% of the variation 
based on biophysical and socio-economic data.  However new interactions between distance 
and population, to simulate „demand‟, are now being tested.   
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Once the extraction model is finalized we need to model where it is flowing.  For example is all 
the timber staying inside Tanzania?  It is envisaged that „demand‟ and „use‟ (as a surrogate for 
flow) will be incorporated, although other alternatives are also being considered.  A model of 
current extraction values will be completed by the end of 2010.  Key questions are based 
around what species are being extracted, of what size, where are they ending up, and for what 
end use?   
 
 

Hydrology  
 
The Hydrology module is coordinated by Professor Sue White (Cranfield University) and 
Professor Mtalo (University of Dar es Salaam). 
 
The development of the hydrology module has faced a number of problems during 2009, due to 
far fewer rain gauge records being available for our study area than anticipated.  We estimate 
that we have usable data for the year 2000 (consistent with the land cover) for the Sigi 
catchment (3 definite and 2 possible rain gauges), for the Ruvu catchment (4 definite and 1 
possible rain gauges), and also for the Kilombero catchment (5 definite and 3 possible rain 
gauges).  Data for Dar es Salaam are also thought to exist.  These data will form the basis from 
which to start the modelling work.   
 
In conjunction with the rainfall data Prof. Sue White identified 1km monthly precipitation 
satellite data generated from the Tropical Rainfall Measuring Mission (TRMM) by Mark Mulligan 
at Kings College (University of London).  Monthly mean precipitation figures from 25 rain 
gauges will be used to validate the satellite derived rainfall estimates for the 1km square in 
which they sit and also the surrounding 8 cells.  If this comparison is acceptable we can use the 
satellite generated precipitation data to run the US Geological Survey‟s Soil and Water 
Assessment Tool (SWAT).  In order to do this we have to disaggregate monthly to daily values, 
which requires spatially distributed statistical properties of rainfall time series (usually generated 
from daily rainfall gauges).  Further to this Prof. Sue White has identified (and has permission 
to use) a gridded set of rainfall statistics (from USDA) which can be used for this purpose 
following a check with the statistics for the 25 available gauges. 
 

Alongside these data challenges we have spent much of 2009 working on modifying SWAT so 
that it better models the hydrology of tropical and cloud forests. SWAT currently models forest 
land cover as a generic “trees” category, with variations in tree type being defined in the plant 
database.  This database is based on deciduous tree statistics from temperate regions, in which 
the trees become dormant when they loose their leaves.  This is not the case in tropical wet 
forests (including cloud forest) where the trees lose (and replace) their leaves continuously.  
Therefore it has been agreed with the creators of SWAT to add two new land cover categories 
(Tropical Forest and Cloud Forest). Cloud forest and tropical forest (different species, root 
depths and altitudinal range for these two types) can both have enhanced water inputs from 
cloud capture (deposition) and wind driven rainfall interacting with tall vegetation (impaction).  
These inputs are highly variable spatially and thus need to be assessed for each forest block.  
This is not reflected in SWAT (or most other hydrological models) because deposition and 
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impaction are not measured in traditional rain-gauges and the high degree of spatial variability 
is not addressed.  Furthermore, deposition will occur even at times of zero rainfall, making a 
simple scalar on monitored rainfall impossible at the daily level.  It is proposed that Tropical 
forest and Cloud forest land cover types use “precipitation” time series (to include deposition 
and impaction) developed external to SWAT.  The FIESTA database at 1km resolution provides 
monthly vertical precipitation and additional inputs from impaction and deposition for the whole 
tropics (two separate data sets). A proposal to the UK Natural Environment Research Council 
(NERC) has been written to conduct this work. 
 
In addition, in looking at tropical forest growth a more generic problem has been identified.  
Currently forest nutrient requirements are related to the whole biomass of the tree, resulting in 
most trees being severely nutrient stressed all the time.  This will be dealt with by calculating 
the nutrient requirements on leaf biomass only, for all trees.  
 
The valuation of the hydrological services was put on hold for most of 2009 pending outputs 
from the hydrological model.  The valuation work will recommence in 2010 with fine-tuning of 
the valuation methods for each water service in view of the expected VtA model outputs. 

 
 

Non-Timber Forest Products (NTFPs) 
 

This module is being developed by Kerry Turner, Sian Morse-Jones and Brendan Fisher from the 
University of East Anglia (UEA).   
 
Over 2009 the NTFP valuation team made significant progress in 4 key areas.  These were  
 

1. Collating data on household use as a result of the MoU‟s that were set in place in 2008 
and 2009.  The project now has data for 816 households from 21 villages.  More data 
are expected in 2010. 

2. Synthesizing the household datasets that will drive the model.  Pending receipt of the 
final datasets it is hoped that the database will be finished in the first half of 2010. 

3. Market survey fieldwork was undertaken in Feb 2009 by Sian Morse-Jones and Brendan 
Fisher, with the assistance of two MSc students from Sokoine University of Agriculture. 

4. Two undergraduate projects were undertaken by students at UEA to investigate: (i) how 
ecosystems influence NTFP provision; and (ii) how NTFP provision varies in terms of 
spatial factors. 

 

We also developed our valuation methodology.  A spatially explicit transferable household 
production function was developed, which utilizes existing data on household NTFP production 
activities taken from various household surveys across the EAM. The latter will now be used to 
predict how household NTFP extraction varies according to household characteristics and other 
spatial factors, such as the landuse matrix, and distance to roads. This will subsequently be 
transferred from the sample point to the wide VtA study area. 
 
The main objectives for the NTFP valuation work in 2010 are:  
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1. Fine-tune the valuation method to move from „production‟ to „beneficiaries‟. 
2. Finish standardizing the datasets. 
3. Undertake the modelling of household NTFP extraction. 
4. Undertake additional market surveys, if necessary. 

 
 

Biodiversity  
 
The biodiversity module is coordinated by Professor Kim Howell (University of Dar es Salam), 
Jon Green (University of Cambridge), Phil Platts (University of York), and Neil Burgess 
(University of Cambridge), with work on the existence value of biodiversity led by Sian Morse-
Jones (University of East Anglia). 
 
For vertebrates, during 2009 Jon Green worked on developing species distribution maps for 
threatened and endemic birds, amphibians, and mammals.  In collaboration with Prof. Kim 
Howell work has also started on the production of a species distribution map for reptiles.  These 
maps are the result of intersecting the known extent of occurrence of species with information 
from experts and the literature on their habitat preferences to derive estimates of species‟ areas 
of occupancy. Work is now completed for birds and will extend to other vertebrate groups over 
2010.  
 
Alongside this, Phil Platts has now almost completed niche-based modelling work to generate 
species distribution models for 452 species of plant found throughout the EAM.  These included 
25 endemic and 68 proposed threatened species. Generalized additive models and 
environmental variables (climate, soil, and topography) were employed at a 1km and 2km 
resolution (depending on the accuracy of the specimen records).  Predicted environmental 
niches were collated at a 1km resolution and overlaid with landcover data to provide estimates 
of species richness within forest patches.  Predictions were extrapolated to 1) blocks within a 
species known range and 2) also to all blocks (tentative estimates to guide future field work).  
One of the major pitfalls is the spatial and taxonomical bias in the distribution of plant 
specimens. In 2010 PP will strive to obtain decent climate forecasts and use these to estimate 
changes in habitat suitability for the EAM flora.  Obtaining such data proved to be problematic 
throughout 2009.  PP is in discussion with the MET Office to run PRECIS models at a 25km 
resolution. 
 
From Jan - May 2009 we successfully implemented and analysed a survey of the existence 
values of the EAMs among the UK public. The main objective of the survey was to estimate the 
willingness-to-pay of UK residents towards conserving wildlife in the Eastern Arc. A corollary 
objective was to test the theoretical consistency of preferences by examining sensitivity to 
changes in the scope of the good, and (more unusually) substitution effects. This was achieved 
by employing an „online choice‟ experiment survey with a split-sample design comprising of 
three treatments.  Responses to the choice questions were analyzed using a random 
parameters probit model. The results indicate some evidence of consistency in preferences and 
suggest that conservation of wildlife in the Eastern Arc Mountains may generate significant 
benefit to the UK population. The study has been written up as a technical paper which was 
presented at a UK conference.  It is due to be submitted for journal publication in 2010.  Plans 
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for a Tanzanian existence value study have been put on hold pending progress with the 
valuation of other ecosystem services. 
 
 

Tourism  
 
The module is currently being coordinated by Dr. Douglas Yu (formally of the University of East 
Anglia), Dr Jafari Kidegesho (Sokoine University of Agriculture), and Dr. Julian Bayliss 
(University of Cambridge). 
 
Little was achieved on this module during 2009 due to staffing issues.  Work previously 
undertaken by Sana Okayasu (a masters student at Imperial College London) will form a good 
basis from which to now develop a basic model of tourism value(s) for the study area.  Towards 
the end of the 2009 an additional Tanzanian student (Naza Emmanuel) was employed to finalize 
the data collection, using the same methods as before.  This module will be developed in 2010 
by Douglas Yu and Julian Bayliss.  The plan is to complete analyses by the end of 2010. 
 
 

Costs of conservation  
 
This work is being led by Jonathan Green (University of Cambridge), in coordination with 
Andrew Balmford (University of Cambridge) and Neil Burgess (now Copenhagen), and focuses 
on acquiring site-specific data and then building EAM-wide models of three elements on cost. 
 

1. Opportunity Costs.  Two months were spent in the field by JG gathering data on 
agricultural rents.  The subsequent modelling of land value based on spatially explicit 
environmental variables has, however, proved to be problematic. JG is currently 
exploring ways to instead combine his field data with published and government data 
records to derive a map of land value of the study area.   

2. Damage Costs.  JG is also compiling a database of literature describing the relationship 
between distance to protected areas and levels of damage to crops and infrastructure.  
This will be combined with information on which species cause the most problems 
(based on his fieldwork). 

3. Management Costs.  JG will spend time in 2010 visiting protected area managers in 
order to collate management budgets and from these establish how much money is 
spent and how much is required to achieve effective conservation.  This will enable a 
spatially explicit model to be constructed (with lower and upper bands) depending on 
the level of protection that is appropriate. 
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Degradation  
 
The degradation module is being developed by Antje Ahrends (formally University of York, now 
Royal Botanical Gardens, Edinburgh) with assistance from Ruth Swetnam (University of 
Cambridge) and Phil Platts (University of York).  
 
During 2009 we developed a relational database containing the results of 1057 „degradation 
transects‟, of which 826 had spatial coordinates.  These data cover all of the EAM blocks with 
the exception of Malundwe.   
 
The transects are 10 m wide and generally 500-1000m long.  They record all standing and cut 
poles and other signs of degradation such as charcoal pits, pitsawing sites, mining, animal 
traps, and extraction of plant material for medicinal purposes.  These data were used to predict 
degradation in the coastal forests of Tanzania (Ahrends et al. – in review. Predictable waves of 
degradation spreading from an African city), and the analysis has now been applied to the 
whole of the VtA study area.   
 
The low predictive power of the models to date may be genuine noise or because important 
predictors have been missed out. We have since begun to derive more predictors. 

 

Objectives for 2010:  

1. Finalise new predictor set. 

2. Seek advice on the modelling approach from statisticians in Cambridge. 

3. Establish impact of degradation on biodiversity, timber availability and carbon storage by 
relating vegetation conditions in plots directly adjacent to the disturbance transects to 
the degradation level. 

4. Write a publication draft.  

 

GIS and scenarios 
 
This component is largely supervised and delivered by Ruth Swetnam (University of 
Cambridge), in collaboration with Brendan Fisher (formally of the University of East Anglia) and 
others.   
 
The most important development has been the creation of two socio-economic land cover 
scenarios which have been implemented within the GIS.  A rule based method has been created 
which derives its inputs from workshop narratives.  It successfully transforms these into 
quantitative rules for map-based change; this method has been written up and submitted for 
publication. These maps have in turn been used to generate estimates of carbon storage loss in 
the EAM by 2025.  As a result of the creation of these preliminary maps significant interest has 
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been generated in the policy arena in Tanzania which formed the basis of a talk given by Prof. 
Munishi at the COP climate change talks in Copenhagen in early December 2009. 
 
Technical support and GIS modelling assistance has been given by Ruth Swetnam to all the 
ecosystem services modules.  A wide range of spatially derived variables have been extracted 
from the GIS database for villages in and around the EAM in order to model resource extraction 
from forest reserves and surrounding land. These are being fed into economic models of 
consumption which are being constructed by Sian Morse-Jones and Brendan Fisher (UEA). 
Preliminary hydrological models have been coded into the GIS for Prof. Sue White and the 
outputs are under revision.  The VtA database has continued to expand over the past year and 
is probably the most comprehensive set of GIS data in existence for this part of eastern 
Tanzania.  
 

Over the course of 2010 we will further refine the scenarios by integrating our socio-economic 

work with data on potential future climate change.  This work is particularly important for the 

valuation stage as it will highlight plausible, policy-contingent changes in service delivery.  

Comparing the outputs under different scenarios will guide decision makers towards the losses 

and gains involved under these alternatives. Over the year Brendan Fisher also intends to use 

the scenario reports and interview notes to generate a general framework for developing 

participatory scenarios for ecosystem service assessments.  It is envisaged that the experiences 

gained from the VtA project in Tanzania can help others on the ground who are trying to think 

about wider values of natural systems. 

 

 

 


