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Research Network for the Evaluation of 
Carbon Sequestration Capacity of Pasture, Agropastoral 

and Silvopastoral Systems in the American Tropical 
~orestEcosystem 

CIPA V-Universidad de la Amazonia -CIAT -CA TIE­
Wageningen University and Research Center 

1. BACKGROUND 

1.1 Projeet Executive Summary 

TIte present internatlonal multi-institutional research projecl was presented by a 
developing country (Colombia) for financial support lO TIte Nelherlands Minístry of 
De:ve/opment Cooperation, through Tlle Nelherlands Embassy in Bogotá, Colombia. lis 
broad researeh topie is elímate Change: mitigation alternatives for vulnerable 
ecosystems in developing countries. Jt combines efJorts from ¡he nalianal researeh 
eommunity, represented by CIPAV and Universidad de la Amazonia, and ¡he 
international research community, represenled by CIAr, CATIE and Wageningen 
University and Researeh Centre, lo help prepare ourselves and our future generalions 
lo mitígale Ihe efJects of global warmíng. Tltís researeh project responds to the United 
Nations Framework Convention 011 Climate Change (UNFCCC, New York, May 9, 
1992, last modified 011 11 October 2000) Al'ticle 3 (numeral 2), Article 4 (numerals d 
and g), Article 5 (numera/s a and b) and Article /2 (numeral 4); to Kyoto Proloeol 
Arrie/e 10 (numeral d); to TIte Bonn Agreemenl (COP6 - July, 200/), TIte Marrakesh 
Conference (COP7 - Nov, 2001) and The Nether/ands Implementation of Clean 
Development Mechanism (CDM) and re/oled research on miligalion alternatives 
(October 22, 2001). Jt consulted the 1996 IPCC Guidelines for Natlonal Greenhouse 
Gas Inventaries, and Winrock (2000) methodology for monitoring carbon storage in 
agroforestry projecls, 

TIte projecl main goal is lo contribute lo sustainable development, poverty allevialion 
and mitigation of the undesirab/e effects of el/mate change, in particular CO} 
emissions, in vulnerable sub-ecosystems of ¡he American Tropical Forest ecosyslem. 
Tltís maln goal will be al/aíned /hrough conductíon of scientific research and 
systematic observations on a range of paslure, agro-pastoral and silva-pastoral 
systems, in small, medium-size and farge farms. in three sub-ecosyslems of Ihe 
American Tropical Foresl ecosyslem vulnerable lo clima/e change: Ihe eroded Andean 
hillsides of Colombia (densely populated), Ihe semi-humíd tropical fores! of Costa Rica 
(densely popufated), and Ihe humid tropical foresl of Ihe Amazonian region in 
Colombia (zone of social conflict). 
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Researeh aims at idenlifYing improved and suslainable pasture, agro-pastoral and 
silvo-pastoral sys/ems Ihat provide a viable and economically attractive solu/ion to Ihe 
farmer (alleviating poverty) and ojJer environmenlal services, particularly i"creases in 
soil organic malter, carbon accumulation and oel as carbol! sinles. 

Field researeh will be eOllducled In Colombia and Casio Rica, Emp/¡asls is given lo 
poverl)' alleviallon in Ihe sense thal this rescareh aims al demonslraling Ihal enhancing 
C accumulatiol! and prolecling carbol! sinles is an economically allractive activlty for 
farmers, 

Projecl duration is 5 years (Decl, 2001 - Nov30, 2006), Projecl cosl is US$ 3,698.525, 
wilh a contribulion from The Nelherlands Ministry of Developmenl Cooperatíoll, 
channelled Ihrough The Netherlands Embassy in Bogotá, Colombia, of US$J,381,765, 
represenling 37 % of projecl total cost, 

1.2 Project Main Goal, Objectives, Expected Products and Research 
Methodology 

Main Goal 

To conlribute lo suslainabJe deveJopment, poverty alleviation and mitigation of the 
undesirable effects of greenhouse gasses on climate change, in particular COz, In 

vulnerable sub-ecosystems of Ihe American Tropical Forest ecosystem, 

Sub-ecosystems considered within Ihe American Tropical Fores! ecosystem are: 
(a) Eroded Andean HiIlsides of the semi-evergreen seasonal fores! (H), Colombia. 
(b) Mild-slope areas of the Semi-humid and humid Tropical Fores! (SHF), Costa Rica, 
(e) Flal and mild-slope areas ofthe Humid Tropical Forest (HF), Amazonia, Colombia, 

Land use systems to be monilored and evaluated al farm level ¡nelude: degraded land 
(negative control), native pasture, improved grass-alone pasture, improved grass with 
herbaeeous legume, improved grass with woody legumes, improved grass with various 
trees (frui! trees, wood trees), forage banks, "barbechos"/"charrales"/"rastrojos" and 
natural fores! (positive control). Table I shows the range of land use systems to be 
evaluated withín each sub-ecosystem. 

Table 1: Land Use Systems to be evaluated per sub-ecosystem H SHF HFf 
\, Degraded land - CONTROL " " " , t ! 

2, Natíve pasture " " 
3, Improved grass-alone pasture " " " 
4, Improved grass-herbaceous legume pasture " " 

, 5, Improved grass-woody legumes " 
16, Grass + other trees (fruit trees, wood trees) " " 
¡ 7. Forage banks for "cut and carrying" " " " I 18, "Charrales", "barbechos", "rastrojos" " " 
9, Natural Forest .. + CONTROL " " " .~. .... ------ ... _-~._ ... -
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Objectives 

(1) Estimate and compare the level ofSoil Carbon Stocks (SCS) of a range oflong­
established land use systems of similar age within each sub-ecosystem, 
comparing them with two reference states: degraded land (negative control) and 
natíve forest (positive control). 

(2) Estímate and compare, through small-plot replicated experiments, changes in 
time in the level of ses of improved pasture systems newly established on 
degraded arcas, comparing them with degraded land (negalive control). 

(3) Perform aneconomic valuation ofthe capacity forcarbon storage ofthe range of 
land use systems. 

(4) Perform a socio-eeonomic evaluation of the range of land use systems in terms 
of farmer's benefí!. 

(5) Provide recommendations on land use systems that are economically attractive 
lo Ihe farmer and beneficial lo the environment as contribulors lo inereases in 
carbon sequestration and carbon sinks. 

(6) Develop cost-effeetive methodologies tor e monitoring in these different land 
management systems. 

(7) Develop mathematical models 10 extrapolate carbon sequestration eapacity ín 
similar areas within the American Tropical Foresl Eeosystem for future 
decision-making in research and policy-making. 

Expected Products 

• 

• 

• 
• 

• 

• 

• 

• 

Identified pasture, agropastoral and silvopastoral systems that are viable, 
economically attraetive to the farmer, and enhance e accumulation and ses. 
Estimated ses levels, animal productivíty and farmer' s economic benefit of the 
various land use systems studied across sub-ecosystems. 
Estimated economic benefit of C accumulalion in the various land use systems. 
Recommended policy guidelines developed for paying e incentives lo Carmcrs 
in these land use systems in the trapics. 
Shared new knowledge with farmers, researchers and policy-makers invitcd 10 
ficld days and training events. 
Better knowledge of e accumulation levels in these complex pasture, agro­
pastoral and silvo-pastoral systems in the tropics. 
Refined eriteria, methodology and scientific infonnation for future research on 
carbon sequestration in pasture, agro-pastoral and silvo-pastoral systems in the 
tropies. 
Identífied land-use systems and sites for targeting CDM within the American 
Tropical Fores! Ecosystem. 

Research Methodology 

Research methodology for Ihis 5-year project was diseussed and agreed by participan! 
institutions, project members and consultants during its Fírst International Coordinalion 
Meeting, held at eIAT, December 17-19,2001, and refined throughout Ihe firs! year of 
project implementatíon. 
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Research methodology, common across sub-ecosystems, ineludes the following 
research strategies: 

A. Evaluate, through a well-defined Soil Sampling Design, a range of long-established 
pasture, agro-pastoral and silvo-pastoral systems of similar age within each sub­
ecosystem (11-20 years of age) to estímate thoir Soil Carbon Stock (SeS) level in 
comparison wíth two extreme reference states: degraded land (negative control) and 
native forest (positive control). 

B. Evaluate, through small-plot replicated experiments, changes in SCS associated with 
establishing improved pasture systems on degraded land, to quantifY and compare afier 
4 years their level of C accumulation vs. degraded land. 

e. Evaluate farmer's socio-economic benefit of improved pasture systems, in 
comparison with non-improved Iraditional systems. 

D. Extrapolate project fmdings to similar areas within the American Tropical Forest 
Ecosystem. 

E. Offer policy recommendations regarding pasture, agropastoral and silvopasloral 
systems Ihat are economically atrractive solutions to the farmer, and offer environmental 
services, in particular carbon accumulation. 

1. WORK PLAN 1004 

1.1 Activities, Responsibilities 01 each Participant Institution and 
VerifUJble Indicators. 

Activíties envisaged for the thírd year of project ímplementatíon (December 1, 2003 
November 30,2004) are Usted below, organised by objectives. Each activity with í!s 
corresponding chronogram, responsíbiJities of participan! institutions, and verifiable 
indicators, are presented in a graphical form on Annex 1. 

Activities 

OBJECTIVE 1: Project organisation 

l. Preparation and agrecmen! of annual contrae! for project personnel. Dates: Dec 
2003- Jan 2004. 

2. Preparation and agreemen! of contrae! for Scientifie Director. Dates: Jan 2004. 
3. Preparation and agreement ofTOR's for Consultants. Dates: Jan 2004. 
4. Renewal of contracts with farmers. Dates: January and February 2004. 
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OBJECTIVE 2: Technical and administrative project coordination activities 

L Preparation of ANNUAL PLAN 2004. January-February 2004 
2. Preparation and agreement ofWork Plan for two Ph.D. students on Carbon 

Isotopcs (the first) and organic mattcr fractionation (the second). Dates: (March­
September 2004) 

3. Preparation ofthird year - first semester technical and financial reports (15 May, 
by institution and 15 June 2004, integrated). 

4. Preparation and conduction of Fifth Intemational Coordination Meeting (Punta 
Arenas, Costa Rica, July 26-29, 2004) 

5. Preparation of Proccedings 2004, based on contributions lo Fifth Intemational 
Coordination Meeting. Dates: August November 2004. 

6. Preparation of third year - second semester technical and financial reports (15 
November, by institution and 15 December 2004, integrated) 

7. Preparation of ANNUAL PLAN 2005. Dates: December 2004. To be hand1ed to 
Tbe Nether1ands Embassy in Bogotá, Colombia, on December 31, 2004. 

OBJECTIVE 3: Training to project members 

"Economic Valuation of Environmental Servíces with practical applications at farm 
level". CIAT, August- September 2004 (to be confirmed by the lecturer). 

OBJECTIVE 4: Socio-economic Simulation. 

l. Socio-economic data selection from the three sub-ecosystems. 
2. Implementation of simulation exercise, using economic simulation software. 

Dates: April-July 2004. 

OBJECTIVE 5: 

Second Soil C sampling: Tbree sub- ecosystems: HiIIsides (Colombia), Sub-hum id 
and humid Tropical Forest (Costa Rica) and Humid Tropical Forest, Amazonia, 
Colombia. Dates: February- November 2004. 

1. Soil C (total C and oxidisable C), total N. 
2. Vegetation characterisation: type ofvegetation, density, and biomass estimation. 

OBJECTIVE 6: 

Evaluation of small-plot experimenta (with improved pastures (grass, grass-Iegume 
and forage banks) compared with degraded land lo monitor the changes in C 
accumulation of recently improved fields. Tbree sub-ecosystems. 
Dates: January - November 2004. 
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2.2 Key Events 2004 

Fifth International Coordination Meeting 

The Fifth Internaríonal Coordinaríon Meeting will be held, in principie, at Punta 
Arenas, Costa Rica, under the organisation of CA TlE with collaboration and support 
from the project dircction. Participants will include al! partncr institutions 
representatives, project members and consultants. Topies discussed included: (a) 
Present state of projeet advance, both in bio-physical and socio-economie research; (b) 
role of Carbon IsOIOpe rescarch, througb Ph. O. students under Or. Peter Buurman, 
Wageningen University, The Netherlands; (el Mathematical Simulation work plan in 
the project; (d) visit to the project field experiments in Costa Rica research siles; and 
finally (e) key issues for discussion. Working group will prepare general 
recommendations for project advance. Program is attached as Annex 3. 

Attendance lo international conferences on C sequestration research and 
other relevant meetings. 

Project members and consultants need to make the project aware of these events to keep 
updated on current state of research and policy issues on the subjcct matter. 

2.3 Thírd Year Expected Results 

At the end of the third year of project implementation the following results will be 
expected: 

l. Oetailed characterisation of all research sites and two C-samplings cycles of 
project sites in the tbree sub-ecosystems under stndy: Andean HiIlsides, 
Colombia, Sub-humid and humid Tropical Forest, Costa Rica, and Humid 
Tropical Forest, Amazonia, Colombia. 

2. Data on 3-year Carbon sampling in a11 project sub-ecosystems statistically 
analysed. 

3. Data on socio-economíc research from the first two research phases, on al! sub­
ecosystems, available. Phase 1: fann characterisation; phase 2: economic 
simulation. 

4. Project personnel trained in "Economic Valuatíon of Environmental Services. 
with practical applications al farm level", 

5. Preliminary research data from small-plot experiments available. 

3. BUDGET TABLES 

Budget tables with executed budget for years 1-2, requcsted budgel for year 3 adjusted 
according lo Work Plan 2004, and projected budget for years 4-5, global and per 
institntionlyear, discriminated by donor funds and matching funds, are presented as 
Annex 2 (Tables l to 9). 
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treatments, Amazonia -
CoIornt>a 
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2. SOl! carbon and vegetation I Data orgal'llSéd accordingl 
eva1uabons - second apeci&I, te agrééd formst1> 

repllcation, Hillsldes - Colombia 

3. Sooi carbOn and vegetatioo 
evaluatiOnS • second Eipacial 

replicaban, Costa Rica 
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T'M) experiments 
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months 

One experlment 
evaJuated every two 

months . 
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PrQject Dlreclion 

U, Amzonla 

Project Dlrection 
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CATIE 
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Univ, Amazcnta 
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Carbon Sequestration Project, CIPAV-UAmazonia-CIAT-CATIE-WU and Research Centre, 
The Netherlands Cooperalion: Actívíty CO-O 1 0402, 

Annex 2: Budget tables (tables 1 to 9) 
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Carbon Sequestration Project. CIPAV-UAmazonia-CIAT-CATIE-WU and Research Centre. 
The Netherlands Cooperation: Activity CO-OJ0402. 
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Carbon Sequestralion Projecl. CIPAV-UAmazonia-CIAT-CATIE-WU and Research Centre. 
The Netherlands Cnoperation: Activity CO-OI0402. 

Annex 3: 
Program Fiftb InternationaI 

Coordination Meeting, Punta Arenas, 
Costa Rica, July 26-29, 2004 
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Carbon Sequeslration Project. CIPAV-UAmazonía-CJAT-CATIE-WU and Research Centre. 
The Netherlands Cooperation: Actívity CO-010402. 

18 



Research Networkfor the Evaluatíon ofCarbo" Seques/ration Capaclty ofPasture, Agropastoral and 
Silvopastoral Systems in the Amerícan Tropical Forest Ecosystem. 

The N etherlands Cooperation 
Activity CO-010402 

Research Network for the 
Evaluation 01 Carbon Sequestration Capacity 

01 Pasture, Agropastoral and Silvopastoral Systems 
in the American Tropical Forest Ecosystem 

CIPAV- U. Amazonia -CIAT-CATIE-W. University 

Project duration: 5 years 
December 1,2001 - November 30, 2006 

FIFTH INTERNATIONAL COORDINATION 
MEETING 

Punta Arenas, Costa Rica, July 26-29, 2004 

CIPAV: Centre for Research on Sustainable Agricultural ProduclÍon Systems, Calí, Colombia. 
Universidad de la Amazonia, Florencia, Colombia. 
CIA T: International Centre for Tropical Agriculture, Cali, Colombia, 
CA TlE: Centro Agronómico Tropical para Capacitación y Enseñanza, Turrialba, Costa Rica. 
Wageningen University and Researcb Centre, Wageningen, The Netherlands. 



Research Ne/workfor Ihe Evaluatioa ofCarbon Seques/ration Capad!y ofPas/ure, Agropas!oralaad 
Silvopas/oral Syslems in !he American Tropical Far.sl Ecosyslem. 



Research Network for /he Evalua/ion oJCarbon Seques/ration Capacity of Pos/ure, Agropas/oral and 
Silvopas/oral Syslems in /he American Tropical Farest Ecasystem, 

PROGRAM 

Saturday :u lUId Sunday 25 July: 
Arrival of guests to San Jose Airport and transpon lo hotel 

Monday, July 26 

Moderators: Morning (Enrique Murgueitio); Afternoon (Peter Buurman) 

18:30-8:45 am Welcome lo project members and Muhammad Ibrahim 
I particípants. CAllE 

8:45-9:30am Annua! Plan 2004 and summary Maria C. Amezquita, Project's 
progress first semester 2004. Key issues ! Scientific Director 
tor discussion during this meeting. 

9:30-10: 15am Advances in Socio-economic research Jose Gobbí 
(Oct 2003 - July 2004). Summary Project's Environmental 
resu!ts by sub-ecosystem. Questions. i Economíst, CATIE 

10:15-10:30am ~ break 
c.1 0:30-11 :OOam cio-economic results - Amazonia Bertha L. Ramirez, U. Amazonia 
¡ 11 :00-11 :30am Socio-economic results - Costa Rica Jose Gobbí 
11 :30-12:00m Socío-economic results - HíIIsides Piedad Cuellar, CIP A V 

I 

12:00-12:3Opm Discussion Moderator: E. Murgueitio, CIP AV. 
12:30-2:30pm Lunch I 

2:30-5:3Opm New C data- Costa Rica SUb-ecosystem.¡ Muhammad Ibrahím, CA TIE. 

I Discussion (afier a coffee break). 

Tuesday, July 27 

Moderators: Morning (Edgar Amézquita)j afterooon (Taogaxuhan Llaoderal) 

9:00- l2:00am : New C data- Amazonia sub-ecosystem. 
! Discussion (after a coffee break). I 

Maria Cristina Amézquíta and l' 

, Bertha Ramírez 
12:30-2:3Opm I LlUlch 
2:30-5:30 pm ! New C data- Hillsides sub-ecosystem. María Cristina Amézquita, 
'-_'-___ .cD=is:::cll"s:;os::.:io"'n"'("'¡a"'ft:::er.:...:::.a..:::c.::,offi=ee.:...:::.br::e:.:a.:::kL) ___ .LH::emán Giraldo and M.E. Gómez 

• Moderators are asked to prepare a written summary report, in electronic media, 
to be presented on Wednesday al the Closing Session, and handled lo Francisco 
Ruiz. 

Wednesday, July 28 

Ficld day 

---------~------------------------------------------------------------------------------------------------



Research Netwarkfar the Evaluatíon ofCarbon Sequestration Capacity ofPosture, Agropastoral and 
Silvopastoral Systems in the American Tropical Forest Ecosyslem, 

Thursday, July 29 

Moderator: Morning (Professor 't Mannetje) 

.. _---. 

['00- 9;45affi----, C Isolope research in the project: Objectives, ,Peter Buurman and 
_~~.. methodoJogy and expected results. ___ ~Edgar Amézquita 

·9:45-1O:30am Discussion. . l. 
10:30-1O:45am Coffee Break 

. 
I 

JOA5-l1:30am Mathematical modelling in the project. Objectives, ; Bram van Putten 
::-::-..,..-:_-té:::-:;:..;===<....::.an",d::...;.expected resulta. I 

Discussion. I 
~~~~~c- ... ~IL~u7n~c=h~-~ ______ - __________ t~ _________ ~ 
¡2:30-5:30pm , elosing session. I AH 

: Reports from session moderators and general 
I recommenda:::t::.:io::.:n-:s'--________ ~ 

• Moderalors are asked to prepare a written summary report, in eJectronic media, 
to be handled lo Francisco Ruiz. 

Friday, July 30 

Transport ofparticipants to San José Airport 

************************************ 

---------~------------------------~---------------------------------~~------------------------------------


