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5. Identify and critically review methodological and data assumptions.

Contents
Why such detail? ................................................................................................................................... 6-3
Upfront issues – clarifying assumptions ..................................................................................... 6-3
Enterprise budgets ............................................................................................................................. 6-13
Land use budgets ................................................................................................................................. 6-19
Profitabilities of land use trajectories ....................................................................................... 6-26
Backend issues – more methods and assumptions .............................................................. 6-31
References and further reading .................................................................................................... 6-33

Profits from land uses

1. Develop an analytical framework to estimate the profits (net benefits) of land

Economic analysis has many terms and phrases that are commonly used (Box 6.1). For
definitions, see Glossary in Appendix A .
1.

Economist words
Discount rate
Net present value
Profit

Rent
Net returns
Enterprise budget

Capital
Accounting stance

Avoiding deforestation often requires giving up the profits and employment
opportunities that new land uses would have provided. Reforesting lands may also reduce
profits and jobs. To know what participating in carbon funds and markets will cost, we
need answers to questions such as:
2.

•

What profits and jobs are generated by forests?

•

When forests are cut, what do other land uses generate in terms of profit and
employment levels?

•

When forests are re-established what profits and jobs do they produce?

•

What profits and jobs are associated with non-forested lands before af(re)forestation?

This chapter shows how to estimate two important economic components of
opportunity costs: profits and employment. Both profits and labor earnings from forests
and other land uses are needed in order to estimate REDD+ opportunity costs. The
procedures presented below are based on a bottom-up approach of data collection with
analysis of revenues and costs for a wide range of land use activities. 48
3.

Box 6.1. Profit is about more than just money
We use the term profits as a convenient shorthand. Other terms, such as net benefits, net
revenues or net returns could be also used. Profit is a concise and convenient way to
describe the concept of benefits minus costs.
It is also important to note that especially in rural regions, the value of production is not
always based on money. Many products and services have value despite not being
purchased or sold (e.g., family labor inputs, household consumption of harvests, etc.).
Imputing, or estimating, the value of these non-market goods and services is a challenge
facing REDD+ opportunity cost analysis. (Other off-site non-market ecosystem services,
such as watershed function and biodiversity co-benefits, are addressed in Chapter 8.) Thus
profit is used in this manual to represent the general concept of net benefits that land users
receive from a given land use.

48

Other less-precise REDD+ opportunity cost approaches are described in the introduction, Chapter 1.
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Why such detail?
The bottom-up approach provides a rigorous and transparent record of the data
collected and its analysis, along with a review of methodological assumptions, that are
essential for accurately estimating REDD+ opportunity costs. When coupled with carbon
stock information, the profit analysis of land uses will enable policymakers to estimate
REDD+ opportunity costs.
4.

5.

This chapter helps develop capacities to:

1) systematically estimate and compare profits generated from different
land uses,
2) identify data required for analyses, and

3) estimate profits according to a three-level hierarchy of activities within
land uses:

a) enterprise (or activity) budget, the basic building block of information
per activity,

b) land use system budgets account for the multiple enterprises found
within land uses,
c) budgets of land use trajectories represent how a land parcel may
undergo numerous land use changes.

Upfront issues – clarifying assumptions

Many types of data and procedures are needed to estimate the profitability of land
uses. Here are some details worth mentioning now.
6.

Whose perspective? (the accounting stance)

REDD+ programs involve different types of landowners. Such owners can be a country
or from an individual group (e.g., farmer, rancher, logging company, community). The way
costs and revenues are calculated – called an accounting stance – represents the viewpoint
of individual groups 49 or the country. 50 Although an accounting stance does not affect
productivity data (e.g., yield/harvest quantities), the difference in perspective determines
the data collected, prices and discount rates within budget accounts, and thus profit
analyses. Inappropriate mixing of data and methods is a common and potentially easy
error, and can result in misleading estimates (Pagiola and Bosquet, 2009).
7.

For the accounting stance of a country, costs and benefits should be valued at the
social value of resources (i.e., their value in their next-best alternative use) rather than
8.
49
50

Often termed private or financial profitability.
Often called social or economic profitability.
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observed market prices. The social value of a resource may differ from that observed in
markets because of either policy distortions (e.g., taxes, subsidies, import restrictions, etc.),
or market imperfections 51 (e.g., from a lack of property rights). In contrast, costs to
individual groups are valued at actual prices, including any taxes (Pagiola and Bosquet,
2009).
Discount rates, and how they are affected by accounting stance, are discussed below.

9.

Which actual price to use?

10. Actual prices can differ, often substantially, according to location: farmgate, local

market, national market and international market. Because of transportation and
intermediary costs (e.g., of merchants/middlemen), farm gate prices can be 20-95% of a
national or international market price. Analysts often use the following three types of price
data, which represent different stages of a product within a product value chain:
•

•

•

Farmgate price: the price a farmer receives for outputs or pays for inputs at
the boundary of the farm. These prices are determined from field surveys
with farmers or found in agricultural census data.
Wholesale or sub-national market price: the price at which agricultural
products are traded on various domestic markets. These prices include the
cost of transportation between farm and market, and are available from
surveys at market locations.
Border price: the price at which agricultural goods are exported from the
country. Such prices are available typically through official statistics.

11. The recommendation is to use farmgate prices to represent the actual costs on a

particular land use. Adjustments are needed when farmgate prices are expected to differ
from prices from where data are collected (e.g., local markets). Local agronomists and
extensionists often know farmgate prices. Where not, an adjustment factor can be
estimated – often related to distance to market and quality of road and river
transportation.

How to deal with prices distorted by policies?

12. Prices can also differ due to government market interventions. Inputs subsidies (of

e.g., agrochemicals, gasoline, fertilizers) can increase profitability; whereas input taxes can
reduce profits. Similarly, profitability of farm and forest land use is decreased by export
taxes which typically affect farmgate prices. Output subsidies or import taxes and quotas
increase prices and profitability. 52
A situation in which the market does not allocate resources efficiently. Market imperfections can occur for
one of three reasons: (1) monopoly - when one party has power that can prevent efficient transactions from
occurring. (2) a transaction has externalities (side effects) that reduce efficiency elsewhere in the market or
the broader economy, and (3) nature of certain goods or services (e.g., public goods such as roads).
52 In some countries, cattle production and oil palm are land uses, for example, that have received subsidies.
51
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13. Despite all these potential distortions to prices, governments are intervening less in

markets than before. To enhance global competitiveness and fair trade, international
agreements on tariffs and trade typically limit the use of such mechanisms. In addition,
governments often have less financial capability to subsidize economic sectors as budget
overspending and debt is being controlled by lending organizations (e.g., banks,
International Monetary Fund, etc.).

If such price distortions are apparent and important, the recommendation is to have
separate estimates for (1) costs to land users and budgetary costs to the government (using
unadjusted prices), and (2) costs to the country (using prices that correct for distortions). A
Policy Analysis Matrix (PAM) can used to compare of the results different accounting
approaches (or methodological assumptions) of economic analysis. For example,
differences in agricultural and natural resource policies and factor market imperfections
can contrasted with budgets calculated at private and social prices (Monke and Pearson
1989 is the basic reference).
14.

Why use a discount rate?

15. A discount rate is the way economists account for time while estimating the value of

goods and services. For profit analyses that examine multiple years, the value of future
profits must be properly discounted. Simply put, a dollar today is worth more than a dollar
tomorrow.
16. The discount rate to assess costs to the country should be the social discount rate

normally used by the government. In contrast, the discount rate to estimate the costs and
benefits to individual groups should reflect their rate of time preference. If the costs to all
individual groups (including the government) were added up and re-calculated based on
social value of resources rather than observed prices, they should equal the costs to the
country. In other words, the costs to the government and the individual groups determines
the overall costs to the country.
17. From a national perspective, the discount rate can be equated to the cost of borrowing

money. The interest rate on loans (often between 5 and 10% annually) is a useful proxy.
From an individual perspective, the costs of borrowing money are typically much higher.
Interest rates in countries often range between 10 and 30% per year, or higher, if loans are
available. For the purposes of opportunity cost analysis, the real interest rate should be
used. How to deal with inflation is discussed below.

Box 6.2. Understanding the potentially big effect of discount rates
In many developing countries, interest rates are high, reflecting perhaps unstable economic
conditions or the inherent risk of loans not being repaid. Nevertheless, strong criticism
arises from employing the use of high discount rates. Within a NPV analysis, the chosen
discount rate can have strong effects. This is a result of compounding, where the
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discounting includes the cumulative effect of all previous years. For example, at a 10%
discount rate, NPV of profits at the end of the first year (t=1) are valued 9.09% less. At the
end of year 2, the profits are valued 17.4% less. In other words, to account for the time
value of money, the profits would need to increase by these discounted amounts in order
for the future profits to be of the same value.
When a discount rate is applied over a long time horizon (15+ years), the NPV profits in the
final years can be dramatically lower. The effects a 2, 5, 10, 15 and 20% discount rate are
depicted below. At a 2% discount rate, the NPV profits in year 20 “lose” over 32% of their
value (nearly 45% at year 30). At a 5% discount rate, the NPV profits in year 20 “lose” over
62% of their value (nearly 77% at year 30).

Discounting effect (% of annual value)

At higher discount rates, the effects are more severe. Use of a 15% discount rate implies
that the NPV profit in year 20 have lost 93% of their value (in year 30, over 98%). With
20% discount rate, the year 20 NPV profit is down approximately 97% (in year 30, down
over 99%).
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Source: Authors.

How to estimate unstable and non-existent prices?
How to value inputs provided and outputs consumed by the household?
18. Especially with smallholder farms, labor inputs or inputs retained from previous

harvests (e.g., seeds, manure, etc.) are often used within a farm and are not purchased.
Therefore, the prices of such inputs may not be readily available. Smallholder farm
households also may consume much of their harvests instead of selling them. Such
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subsistence or semi-subsistence agriculture is common in many rural regions. While the
earnings are not realized, the value of the output should be recognized at its market price.

19. In addition, some farm inputs may have multiple possible prices (e.g., seeds retained

from harvest could be valued at the forgone income at time of harvest, or the cost at time of
planting). It is recommended to use the cost that farmers actually incur for such inputs. In
the case of seed, the cost of storing seed may be minimal, therefore the seed should be
valued at the time of harvest.

20. Although such non-market inputs can be valued in different ways, be done justifiably,

and produce different results, it is important to document the assumptions and methods.
Sensitivity analysis of the assumptions can be conducted to see the impact of an
assumption upon results of the analysis. With such an analysis and review, the difference
may turn out to be rather either insignificant or worthy of discussion amongst peers to
decide the best, most relevant, option.

How to handle prices and yields that are highly variable over time?

21. Agricultural production and product prices can be notoriously unstable. When

collecting data at one point in time, it is likely that the information is not representative of
yields and prices over a span of many years. Two basic types of variation exist (and their
causes):
1. Prices and yields vary around a static mean (e.g., because of variable weather
conditions, pest and disease outbreaks, exchange rate fluctuations), and
2. Prices and yields vary around a changing (trending) mean (e.g., mean yields
decline because of soil degradation; real prices trend up because of increased
consumer demand, energy costs; prices trend down because of demand shifts
away for particular commodities or increasing supply associated with
productivity growth).

22. It is therefore recommended that price information be examined over multiple years

and the context of agricultural productivity and markets be examined. Past trends can
provide us with important information on how parameters of profitability analyses may
develop in future years. For example, yields and input use of agricultural enterprises often
increase gradually over time as technology improves. Meanwhile, yields can decrease
resulting from soil degradation.
23. Prices may also be subject to both positive and negative trends depending on

population and economic growth at local, national, and global levels. While trends do not
usually increase uncertainty, they can nevertheless lead to significant biases in opportunity
cost estimations, especially if longer time REDD+ contracts are at stake. If there is
reasonable evidence to expect major trends in key enterprise budget items, these items
need to be adjusted accordingly for each year within the planning horizon. A gradual
adoption of pest resistant corn varieties, for example, can be introduced in the analysis by
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slowly increasing yields and reducing pesticide expenses in the corn enterprise budget
according to the expected trends in these parameters. Uncertainty and associated risk of
parameter estimates can by analyzed using stochastic analysis (Box 6.4).
Box 6.3. Risk and uncertainty analysis
Numerous computer programs are available to analyze the effects of risk and uncertainty
(e.g., @Risk, Quametec, etc.). Using stochastic analysis methods within an Microsoft Excel
spreadsheet, the programs can reveal the likelihood of a particular outcome given
uncertainty of multiple parameter. Such analyses help decision makers to better
understand the potential implications of interventions within uncertain environments.
24. All parameters used in profitability analysis are subject to uncertainty as a result of

data collection and processing errors. District averages of yields, for example, often
overestimate actual yields (aggregation bias 53), and information from field surveys may be
subject to recall biases. In addition, survey respondents tend to generalize based on recent
year experiences. To aid practitioners in understanding the process of assembling land use
budgets, the accompanying spreadsheet workbook contains numerous notes. Sensitivity
analysis of results can help analysts identify the most reasonable assumptions.

Profits are calculated in terms of what?

25. Profits can be measured in terms of time (e.g., workday or salary) or in terms of

returns to land (i.e. $/ha). Within REDD+ opportunity analysis, returns to land typically
makes most sense. Moreover, it is a common measure understood by many.

Should the cost of land be included in calculations?

26. Including land costs in the analysis only makes sense from the perspective of an

investor who is considering acquiring land (through purchase or rental) to undertake an
activity. For a farmer or logging company that already owns/controls the land, the analysis
considers the returns to the next-best land use alternative. Therefore, the opportunity cost
of land is already being taken into consideration. In other words, since the profitability of
activity A to activity B is being compared, it makes little sense to include costs of land in
profitability estimates, since the costs cancel out. For example, investments to improve
profitability, and the value of land, are accounted for within a multi-year analysis.

And labor?

27. A more difficult question is whether profitability should be estimated in terms of

returns to labor (i.e. $/workday). For many smallholder farm households, it could make
Resulting from assuming relationships observed for groups necessarily hold for individuals. For forest
margin areas, lower yields can be masked if average values include areas with higher inputs and productivity.

53
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more sense to express results both in terms of return to land and family labor. Especially in
forest frontier regions, labor and capital are limiting factors of production. Since land is
relatively abundant, smallholder farmers most carefully allocate their scarce labor
resources (along with their land and capital resources).

28. Opportunity costs of REDD are nevertheless calculated in terms land. Fortunately, it is

possible to impute the value of family labor in the farm activity costs, thus giving
profitability in terms of returns to land. Since family labor can be reallocated to other uses
if a different land use is chosen, the returns to land can be a relevant measure of the
opportunity cost of land use change.

29. From the perspective of an individual, household income from a given land use is a

relevant measure. This includes both profits and the implicit wage of their labor. REDD+
opportunity costs need to account for both the profits and implicit wages. Both types of
earnings are forgone with REDD+.

Which profits from a land use should be analyzed?

30. A profitability analysis starts with developing detailed budgets of simple activities

(also called enterprises) within land uses. These budgets are a summary of cost and
revenue information. Enterprise budgets typically describe the activities that occur within
a planting and harvest season. Examples of enterprises include NTFP collection, timber
harvesting, and annual crops. Enterprise budgets of multi-year crops (e.g., cassava), animal
production, perennial tree crops (e.g., cocoa, oilpalm, coffee, etc.) require accounting of
multiple years that represent all phases of an enterprise: preparation/investment,
maintenance, harvest and post-harvest activities on-farm. Enterprise budgets are an
important building block to represent land uses and land use trajectories.
31. Budgets of land use systems can account for a combination of activities, such as

agricultural and tree crops. These budgets are also multiple year summaries representing
all phases of an activity: preparation, maintenance, harvest and, perhaps, fallow periods.

32. A budget of a land use trajectory is a longer-term summary of land uses and land use

changes. Land use trajectories are developed as a basis for REDD+ opportunity cost
estimates and analysis. Table 6.1 summarizes the three types of budgets and associated
sources of information.

6-9

Table 6.1. Types of budgets
Type of budget
1. Land activity/
enterprise
2. Land use
system

3. Land use
trajectory

Source: Authors

Description
A single year summary of costs and revenues
from a single activity.
Forest conversion, forest harvests, agriculture
& ranching activities within land use changes
A multi-year summary of a single enterprise
or linked enterprises of a land use
Land use change cycles and transitions
A summary of different land uses starting
from current use. The basis for opportunity
cost estimates.

Data sources
Local experts
Local experts

Local experts,
literature, remote
sensing

33. With land use trajectories, a profitability analysis often represents different groups or

individuals who are responsible for different portions of the trajectory. For example,
logging companies for forest degradation, settlers for deforestation and slash-and-burn
agriculture. Although these changes make no difference to an analysis from the country's
perspective, it can be very important when the analysis is from the perspective of an
individual group. Adequate and proper compensation for REDD+ depends on such
knowledge of land use changes.

What to do when profits differ across sub-national regions?

34. The distribution of profits for a particular land use within a country can be highly

variable. Consider cocoa land uses, a principal driver of deforestation and degradation that
occupies more than 8 million ha in the Guinea rainforests of West Africa, coastal Atlantic
rainforests of Brazil, rainforests on the Indonesian island of Sulawesi, and other areas.
35. Wide differences exist between the harvest yields of cocoa producers (Figure 6.1). In

Ghana, the distribution of yields from nearly 5,000 producers show that the mean is more
than 100 kg/ha greater than the median. Causes include significant differences fertilizer
uses, and management practices. Thus although cocoa systems can be considered a land
use system within an opportunity cost analysis, examination of yields and causes of
differences is essential to improve the accuracy and precision of profit estimates.
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Figure 6.1. Cocoa: harvest yields per ha, Ghana
Source: 2001/2 Sustainable Tree Crops Program, baseline survey (IITA, unpublished data).

36. Within the forest sector, timber prices and previous harvests often affect forest profit

levels (and opportunity costs). In Brazil, for example, large amounts of timber have been
harvested. Figure 6.1 is a provincial scale map of a forest logging history.

Logging history
Without timber
All species
High value species
Only mahogany
Inaccessible

Figure 6.2. A geographic assessment of logging history (Para, Brazil)
Source: Souza Jr, et al. 2000.
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37. Although a forest inventory provides an assessment of available timber and timber

already harvested, analysis of current and future logging activities can be conducted per
geographic region, thereby revealing profit potentials. Within Para, four areas of logging
activity have been identified: Central, Estuarine, East and West (Figure 6.2).

Estuarine
Central

East

West

Figure 6.3 Logging regions within Para, Brazil.
Source: Verissimo, et al. 2002.

38. The location of a logging operation affects not only the amount and quality of available

timber but also prices received. The figure below shows how timber quality of estuarine
regions are of overall lower quality. The western region contains a higher percent of high
and medium quality timber.
100%

80%
60%

High

20%

Low

40%
0%

Medium
Central

Estuarine

East

West

Figure 6.4 Regional estimates of timber quality (% timber; Brazil, 1998)
Source: Verissimo, et al. 2002.
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39. Prices received for timber differ per quality category and, to a lesser extent, logging

region. The price differential between high and medium quality is significantly greater than
the difference between medium and low quality timber. The price of high value timber is
approximately 2½ times more than prices of medium and low quality timber.

Price ($/m3)

300

Central

250

Estuarine

200

East

West

150
100

50

0

High

Medium

Low

Figure 6.5 Price of sawn timber per region and quality grade (US$/m3; Brazil, 2001)
Source: Verissimo, et al. 2002.

40. Therefore, at a national level, different budgets should be developed to adequately

represent the differences within land use systems.

Enterprise budgets
Components and construction
Enterprise budgets estimate profit (Π) in local currency per hectare ($/ha):

Π = pq − c

Where: p = price ($/ton), q = yield (ton/ha), and c = costs ($/ha)

41. Revenues (pq) come from the output (e.g., crop, animals, timber) of a land use activity.

Costs (c) arise from the use of two types of inputs: physical (or capital) and labor. These
measures serve as adjustable parameters for subsequent scenario, sensitivity and tradeoff
analyses. 54 A sample enterprise budget is presented in Table 6.2. For more detail on
enterprise budgets, see Gittinger (1982).

54

A parameter is a specific value of variable estimated or selected (e.g., mean, median) within an analysis.
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42. Physical inputs include seeds, fertilizers and chemicals, which are typically used

annually. Longer-term investments such as fences, tools, machinery, animals (cattle), etc.
are also physical inputs.
43. Labor inputs can be estimated using wage rates. Two types of rate, however, are

typical: legal minimum wage and actual wage. Nationally-established minimum wages may
include social benefits: health and pension. In contrast, actual wages are often significantly
lower, especially in remote forest frontier areas. Actual wages should be used. Effects of
different wage rates on opportunity cost estimates can be examined with sensitivity
analyses.

44. A monthly labor calendar is helpful to identify, discuss and quantify workday activities

in order to estimate total labor input. Labor activity may be valued at a single wage or a
different wage rate, depending on skills required or scarcity of seasonal labor. The first task
of the agricultural/logging season, typically land preparation, should determine the
starting month of the calendar. The labor calendar can be differentiated between hired and
family labor, and also by gender. This enables analysts to examine the potential social
effects of REDD+ policies.
Table 6.2. A sample enterprise budget
Rice (per hectare)
Profit
Total Input
Costs
Product

Total
Revenues
Quantity

Price

Workdays

Wage

Cost

Units

Harvest

Price

Seed

Fertilizer
Machinery
Tools

Labor Activity
Preparation
Planting
Weeding
Harvest
Threshing
Transport

Calendar: Workdays
Activity

Jan

Feb

Mar

Apr

May

Jun

Preparation
Planting
Weeding
Harvest
Post-harv.
process
Transport
Total
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Jul

Aug

Sep

Oct

Nov

Dec

Total

45. Careful consideration of the units of analysis within budgets is essential. Units of

measure, such as kg, liters, tons, should be noted. Local measurement units of land area and
harvest weights can be used in order to facilitate discussion with farmers. Conversion to
metric measures (e.g., hectares, kilograms), however, are needed to enable a standardized
analysis.
46. While yields can be converted to required per hectare units, cost information may

come in different units, e.g., workdays per ton of product harvested and thus require
conversion to a land-based measure. If farm inputs are used for more than one enterprise,
the cost of input should be shared and attributed to the other enterprises. For example,
rental rates per hectare or day are convenient approximations for the use cost of tools and
machinery (e.g., chain saws, machetes, machinery, etc.). Alternatively, prices and average
lifetime values can be estimated to impute annual use cost per hectare.
47. Numerous methodological and data assumptions underlie the information within

enterprise budgets. Parameters (e.g., of inputs, harvest yields and prices) can easily be
adjusted to represent specific locations and contexts. Consequently, notes regarding
contexts and assumptions are helpful to understand the accuracy and assure the relevance
of budget information.

Data collection

48. The data needed to develop enterprise budgets can come from a variety of sources.

Since budget information is basic to analyses of agriculture, ranching and logging activities,
national research centers and universities may have budgets already available. If not,
production data can be collected via interviews with farmers, or other experts (e.g.,
agronomists, extensionists, foresters) and via literature review of case study analyses of
production systems.
49. Detailed secondary information on inputs (e.g., workdays, prices) is rarely readily

available. Essential to estimating costs, accurate data on enterprise inputs is best obtained
via farmer and key informant interviews. Given budgetary or time restrictions, precise
measures for some items within an enterprise budget may not possible. In order to quickly
advance analyses, estimated measures can be used, based on expert opinion and other
sources. In addition, information from other budgets and studies can be used in an IPCC
Tier 1 or Tier 2 manner and adjusted to local conditions.

50. Budgets should be developed in local domestic currency. As estimates in domestic

currency are typically less vulnerable to exchange rate fluctuations, 55 any database should
be expressed and maintained in domestic currency. Conversion to foreign currency can be
accomplished for specific purposes when needed. For example, at some later point
55

Prices of internationally-traded commodities such as cocoa or palm oil, may be less volatile.
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countries will need to know how their REDD+ opportunity costs compare to possible
REDD+ payments, which will be stated in US$/tCO2e or other such terms. For this particular
purpose, countries will need to convert results to US$ or €.

51. Budgets collected through field surveys can avoid most of these problems but are

much more expensive to collect. The accuracy and reliability of budgets also depends on
appropriate sample design and enumerators being well-trained. Pre-testing of
questionnaires with focus groups along with a review and critique of responses can help
assure the collection of all needed information. Where areas are relatively homogeneous,
focus group interactions instead of wide-scale surveys can provide better information.
Focus groups permit the acquistion of in-depth information and beneficial dialogue in
comparison with surveys, which typically extract rather repeative basic information.
52. It is important to note that budgets developed through interviews can only obtain

reliable data for the current and recent years. Data obtained while attempting to remember
earlier years can be very inaccurate. In addition, when yields and prices are very variable,
official budgets can also be very unreliable. Therefore, comparison and discussion of official
government information, farmer responses and expert opinion are helpful to identify the
most appropriate budgetary information.
53. Interviews are difficult when the activities concerned are illegal (e.g., logging,

bushmeat trade, coca production). By enhancing trust and assuring anonymity of
responses, required information can often be obtained. Working through social networks
of families, friends and co-worker can also facilitate the data collection process.
54. Table 6.3 summarizes the advantages and disadvantages of different data collection

approaches. For details on data collection methods, see Holmes, et al. (1999), FAO (2001,
2002), and Pokorny and Steinbrenner (2005).
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Table 6.3. Advantages and disadvantages of data collection approaches
Method
Survey
(in-person)

Advantages
-Expert-based
-Timely
-Comprehensive, large sample size
can increase statistical
significance of results.
Case Study -Close discussion with land user
-Broader questions
-In-depth questions and answers
possible.
Experiment -Control over data quality
station
-Allows for the testing of alternate
scenarios and ideas.
Existing
-Cheap to collect
sources
-Data already processed.

Disadvantages
-Follow-up questions require second
communication
-Expensive for large sample
-Proper training of interviewers/
enumerators essential.
-Dependence on secondary information and
knowledge by personnel
-Limited representativity.

-Higher yields than field conditions
- Limited validity of extrapolation
-Specific individual results
-Results may not contain information needed
-Results may reflect “average” conditions that
do not represent any actual farmer
-Information may be out-of-date
-Results may be of "best case” yields,
especially for crops of interest to the
ministry/project, and rarely achieved in
practice,
-Results show input use that reflects
recommended rather than actual practice,
-Methods use official rather than observed
prices,
-Methods may be based on hidden
assumptions.

Adapted from: Pokorny and Steinbrenner (2005);Pagiola (personal communication, 2010).

55. Given the challenges mentioned above, many estimates within enterprise budgets will

likely be imperfect. A systematic approach to data collection with notes on context and
assumptions enables the process to be transparent, reviewed, revised and improved. For
example, price data may be affected by market distortions, as a result of government
subsidies, sales taxes or minimum price policies. Sensitivity analysis of changes in
parameters is a useful way to understand how much an estimate affects the final results of
an opportunity cost and tradeoff analysis (discussed in Chapter 7).
56. The following section is divided into two parts to address particular data aspects of

(1) agriculture/ranching, and (2) forest land uses.

Agriculture and ranching

57. Farmers can usually recall yields prices paid and received for the most recent season.

In the absence of farm gate prices, other price data should be adjusted based on valueadded marketing activities. For example, wholesale market prices of rice include the added
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value of milling and farm-to-market transportation costs. If market prices are used, the cost
of milling and transport should be subtracted in order to arrive at farm gate prices.

58. Agricultural census and government statistical information at provincial or

department level can confirm yield estimates. With estimates of total crop area, such subnational production figures can be converted to a per hectare basis. Even if farm-level data
is used within the analysis, government census statistical information is helpful to check
data accuracy.
59. On smallholder farms, many separate activities often occur in within a small patch of

land. Slash-and-burn systems typically include a wide range of agricultural crops including
rice, maize, beans, cassava, plantain, etc. To represent slash-and-burn agriculture in Peru
for example, a rice-plantain-fallow cycle, which is common to the region, is used. The cycle
can be adjusted according to age of forest frontier by changing the length of the fallow
period. Similarly, pasture productivity is adjustable according to animal units (head of
cattle per ha).
60. Since remote detection of individual crops is notoriously difficult, a subset of the

major activities can be selected to represent a mixed land use, thereby reducing the need
for detailed data collection. Similarly the productivity of pastures within a landscape is not
possible to assess without on-site information.
61. Smallholder practitioners of slash-and-burn farming rarely have precise measures of

their field size. This is particularly common in regions where land markets and land titling
are not developed. In such cases, accurate estimates of field size may be obtained by
walking the field perimeter with a handheld GPS.

62. Markets may not exist or function well in remote regions. For example, services such

as wage labor could simply be unavailable for purchase. Since minimum wage rates are
often poor approximations of actual rural wage rates, analysts are best advised to consult
local experts about realistic wage rates. Even in remote areas, the hiring of casual workers
is common. The daily wage is often quite standardized and known within a given locality.
Since minimum wage rates are often poor approximations of actual rural wage rates,
analysts are best advised to consult local experts about realistic wage rates.
63. Alternatively, hired laborers are commonly paid on a piece-rate rather than a monthly,

daily or hourly wage basis. This complicates wage rate sensitivity analysis as this labor cost
is a lump sum payment and therefore requires a data transformation. Perhaps the simplest
way is to divide the lump sum payment by the wage rate to estimate the equivalent
quantity of wage labor that could have been employed. Sharecropping is another labor
institution common to smallholder agriculture in developing countries that requires a
similar treatment.
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Forests
Timber
64. Since the logging industry is highly competitive and under the scrutiny of tax officials,
acquiring financial information can be particularly difficult. In addition, most timber
extraction (around 90%) in the Amazon is estimated to be illegal (Stone, 1998). Operations
are often led by self-made managers who have little business management training,
deficient bookkeeping practices, and limited financial control of forest operations (Arima
and Veríssimo, 2002, Pearce, et al. 2003). Nevertheless, personal interviews, mail surveys
and informal discussions with industry experts may provide needed information.
Other forest products
65. Data collection methods for non-timber forest products (NTFPs) appear in numerous
studies. Sheil and Wunder (2002) provide a useful critique of methods applied. For
charcoal products, few studies exist; examples include: Hofstad (1997), Coomes and Burt
(2001) and Labarta, et al. (2008).

Land use budgets
66. Information from enterprise budgets is essential to estimating the profitability of land

uses and land use trajectories. For land uses with more than one product, land use budgets
require managing revenue and cost information of separate enterprise budgets. Thus the
representation of profit is:
I
K

H
  J

Π =  ∑ ph qh + ∑ pi qi −  ∑ c j y j + ∑ ck yk 
i =1
k =1
 h =1
  j =1

Re venues

Costs

67. The above equation makes explicit not only the prices and multiple market goods and

services of a land use, (ph and qh) but also the non-market prices (pi) of non-market goods
and services (qi). Within a specific land use, the inputs may include both marketed inputs
(yj) and non-marketed inputs (yk), which have distinct valuation challenges (of ck). The use
of shadow prices for non-marketed goods is common.

68. The enterprise budget example for rice above is a single year. Land uses, however,

typically require a multi-year analysis, since annual profit levels can be very different
(negative, zero or positive) depending on phase: establishment, fallow or production.
Therefore, the above equation becomes:
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T

Π = ∑ Πt

land use

t =1

69. The file SpreadsheetExercisesREDDplusOppCosts.xlsm (available on the manual

website) contains examples of land use budgets with different phases and products. Such
detailed budgets help analysts keep track of individual activities and enterprises as they
change over time. Notes on how the costs and earnings change help analysts understand
the assumptions employed and site context.
70. For some land uses, complementary activities should be noted, if not included in

estimates. For example, fodder production for feeding animals that provide transport or
other farm activities, such as plowing, should be attributed a proportional use basis. Details
of such assumptions are discussed at the end of the chapter.

Agriculture

71. Land use budgets can be developed to represent both land use change cycles and

transitions (see Chapter 3 for definitions). Distinct versions of land use budgets can
different locations and context, such as within a forest frontier. For example in Peru,
swidden agricultural production typically has a three year production phase, but different
fallow periods according to age of settlement. Farmers in established settlements with
higher population pressure commonly practice shorter “bush” fallows of 2-6 years. In
contrast, pioneer farmers typically leave their lands fallow for longer periods, 6-15 years.
Since both input (e.g., labor) and output (e.g., harvest) levels are different between such
systems, separate budgets are justified.
72. Land use budgets of perennial systems, such as tree crops (cocoa, oil palm) and cattle,

include costs of establishment and production. These multi-year budgets could typically
have high investment costs and require numerous years before revenues exceed costs.
73. The workbook of land uses contains example spreadsheets of cocoa, oil palm, cattle,

rice-plantain systems. Cells, highlighted in yellow, represent parameters that can be
adjusted to better represent local conditions. Different contexts and land management
practices should be examined within scenario analyses of land use trajectories.
Adjustments of parameters such as yields could include harvest increases that represent
new seed and fertilizers or harvest decreases resulting from land degradation. In addition,
ash flow constraints (especially with cattle and perennial systems) may require land uses
to be phased in as funds become available.
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Forests
Timber
74. Forest harvest operations are typically diverse, ranging from small-scale informal

loggers to vertically-integrated harvest, transport and processing firms. Therefore,
different budgets for timber harvests are needed for each major variation that is observed
in a country.
75. Timber cost analyses are typically divided according process stage: timber harvest,

transportation and milling. Harvesting comprises a set of activities undertaken to fell and
extract trees to a landing or a roadside where they are processed into logs and
consolidated. Logs are then transported over unpaved and paved roads to a processing
facility or other final destination. Milling refers to log sawing activities into a variety of
different shapes and dimensions. The spreadsheet named Timber is an example of an
enterprise budget for logging company. The level of detail can be expanded per process
stage, by including estimates for the costs of labor and equipment, for example. For a
comprehensive explanation of costing procedures, see Holmes, et al. (1999).
76. Forests can generate substantial profits or losses. Whether the profits are positive or

negative, depend upon how forests are used and if products are sold. To understand the
variety of forest uses and products, two aspects of forests need to be considered: forest
quality and forest use.

77. Forest quality refers to the status of the forest with respect to previous use by people.

Many relatively dense forests have already undergone a series of changes, including
extractions of high-value tree species and selective logging. Hence, forest quality is also a
measure of forest degradation. 56
78. While degraded forests can still be forests, according to definition, the carbon content

and future profits can be substantially different from natural forests. A previouslyharvested forest, for example, will not generate the same profits as a pristine forest. In
order to enable a rigorous accounting of forests, distinct forest quality categories need to
be developed. For the purposes of this training manual, general categories are employed,
consisting of: pristine or natural, selectively cut (highest value species extracted), and
partially cut (high-mid value species harvested). In order to obtain more precise estimates
of forest profitability, sub-categories with greater levels of distinction and detail may be
required per country context and REDD+ program criteria.

79. Past activities will affect future potential uses of the forest. Thus, in contrast to forest

quality, forest use refers to upcoming activities within a forest. For example, pristine or
Although specific definitions of forest quality (e.g., carbon content and canopy cover) will likely differ
according to national contexts and perhaps differ within a country. Forest categories and their geographic
identification can be linked with land uses discussion.

56
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natural forests have had few human activities but a wide range of potential uses.
Respective select- and partially- cut forests have increasing levels of previous use, yet
fewer potential uses. Fewer potential uses implies lower profitability. Per forest quality
category, Table 6.4 summarizes both previous and potential forest uses.
Table 6.4. Past and potential forest uses per status of forest quality
Forest
quality status
Pristine or
natural

Selectively cut

Partially cut

Past uses

Potential future uses

NTFPs
Tourism

NTFPs
Tourism
Highest-value trees extracted
High-mid value tree harvests
Forest conversion (timber, charcoal)
Other land uses (agriculture, ranching)
NTFPs
Tourism
High-mid value tree harvests
Forest conversion (timber, charcoal,
pulpwood)
Other land uses (agriculture, ranching)
NTFPs
Forest conversion (timber, charcoal,
pulpwood)
Other land uses (agriculture, ranching)

Highest-value trees extracted
NTFPs
Tourism
Highest-value trees extracted
High-mid value trees harvested
NTFPs*

* can also include areas of slash-and-burn agriculture, depending on land use definitions and resolution
of analysis.
Source: Authors.

80. Forest quality also determines possible timber harvests. Select cut- or partial- timber

harvests, for example, decrease carbon content and potential near-term future profits,
albeit less than clear cutting. While selective forest harvest practices may not cause a land
parcel to lose its distinction as a forest, their effects on carbon and potential future
profitability need to be assessed. 57 For example, after thinning (e.g., selective harvest)
remaining trees grow faster.
81. Often used to describe forest use are the words sustainable and unsustainable. For

the purposes of estimating REDD+ opportunity costs, however, the distinction is not
sufficiently precise. Sustainable use activities, such as from non-timber forest products
(NTFPs) or tourism, do not affect the carbon content and forest quality. Yet, other
“sustainable” practices, such as sustainable forest management, are likely to reduce carbon
content and forest quality - although less than conventional logging practices.
The opportunity costs of conserving selectively logged forests can be substantially lower and thus more
affordable from a REDD+ point of view. “Log and protect” might thus become a way to avoid substantial
emissions.

57
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82. Profits from forests can also be generated in other ways. A lesser-known forest use

and income source is the production and sale of charcoal, which is used as a cooking fuel.
As an enterprise activity of a smallholder farmer, for example, charcoal production in the
Peruvian Amazon can generate substantial earnings. A whole-farm profitability analysis
estimates that charcoal-producing farmers generate 17% higher net income from their
farm than merely slashing and burning the forest (Labarta et al. 2007).
83. When trees are not sold, forest conversion costs are not offset by income, thereby

causing sometime substantial profit losses in the initial year. Especially in remote areas,
many farmers, prefer to burn trees on-site since expensive transportation often erases
potential earnings. In such cases, the cost of clearing land typically exceeds the initial years
of revenue generated from agriculture or pasture activities (Kotto-Same, et al., 2001;
Merry, et al. 2001; White, et al. 2005). 58

84. Experiences from Brazil, the largest timber producing country in the tropics, and Peru

are used to illustrate costs and revenues from the timber industry. Cost studies examined
the entire sequence of activities related to forest operations, including cutting, skidding,
landing activities, and transportation. Also included were costs for construction and
maintenance of infrastructure (landings, and primary and secondary roads) and the costs
for capital items (e.g., capital costs, depreciation, maintenance), labor, material,
administration, and stumpage fees. 59 Most studies took into account transportation costs
from the forest site to the sawmill along public roads, whereas costs representing risks and
administration salaries were largely ignored. Some studies used standard costs for labor
and machinery, while others relied on data specific to the different activities.
85. Studies of logging operations provide numerous cost and revenue estimates. Profit

estimates show significant variation – ranging from US$24/ha to US$1435/ha (Olsen &
Bishop, 2009). In reviews of forest operation studies, Pokorny and Steinbrenner (2005)
and Bauch, et al. (2007) found that differences in cost estimates arose from contextual
conditions of:
•
•

•

•

particular forests (e.g., species composition, forest structure, topography),
commercial enterprises (e.g., staff, machinery, work processes, organization,
wage rates),
harvesting strategy
o conventional logging (CL) and reduced impact logging (RIL) practices.
(See Box 6.5) for a description of the logging techniques and cost
o distance from the forest to the processing location
cost calculation methods (overall costs versus specific sub-activity), and

Although trees can used for many local uses, their estimated value is relatively small and therefore not
included in an analysis of profits.
59 Stumpage fees are the cost of purchasing the rights to log a parcel of land. Payment is typically made on a
m3 basis. Such fees are a component of opportunity cost of logging - the value of the trees to the landowner.
58
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•

approaches used for data collection.

86. The conversion rate from logs to sawn timber is a useful factor to contrast efficiency

(and profitability) of timber harvest operations. Stone (1990) considers a conversion rate
of 47% while Stone (1995) considered a conversion rate of 34%. 60

Box 6.4. Reduced impact logging
Reduced impact logging (RIL) can be more profitable than conventional logging (CL)
practices. Despite requiring investments, RIL can accrue benefits in the both short and
longer term. At an initial harvest, forest worker training generates efficiency gains to
skidding, recovery of potential marketable timber and log deck 61 productivity. Longer term
economic and ecological benefits of RIL include less damage to residual trees and disturbed
soils (Holmes, et al. 1999).
In a case study analysis, wood wasted in the CL practices represented about 24% of the
harvest volume, but only 7.6% with RIL techniques. Less wood wasted and increased wood
volume can reduce costs by 12% per cubic meter versus a typical CL operation (Holmes, et
al. 1999).

300

Skid trails
Log decks
Secondary roads

250
200
150
100

12

% area

m2 / tree harvested

The FAO model code of forest harvesting provides the basis for RIL system design,
including many or all of the following activities: pre-harvest inventory and mapping of
trees, pre-harvest planning of roads and skidtrails, pre-harvest vine cutting (where
needed), directional felling, low stump cuts, efficient use of felled trunks, optimum width of
roads and skid trails, winching of logs to planned skid trails, optimal size of landings,
minimal ground disturbance and slash management (Dykstra and Heinrich 1996).
8
6
4
2

50

0

Skid trails
Log decks
Secondary roads

10

CL

0

RIL

CL

Ground area disturbed by CL and RIL (m2 per tree harvested and % area)

RIL

Source: Holmes, et al. 1999.

Although RIL is not a fixed prescription, the techniques and guidelines attempt to adapt
best harvesting practices to existing biophysical and economic conditions. Pre-harvest,
The revised rate, reflecting less efficiency is one of the main factors behind Stone’s conclusion that timber
profits are decreasing (Bauch, 2010, personal communication).
61 Location to where logs are skidded stacked for subsequent loading onto trucks.
60
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harvest planning and infrastructure costs of CL operations were $0.71 per m3 and $1.93
per m3 for RIL. In some cases, RIL can be more expensive or of similar cost to CL depending
on sophistication of the CL (e.g., harvest planning) and particular practices of RIL (Winkler,
1997; van der Hout, 1999). Effects of RIL on carbon density stock and regeneration
capacity of the remaining have not yet been estimated. Nevertheless, the REDD+
opportunity costs of different forest management strategies can be examined through
sensitivity and scenario analyses.
87. Timber waste is a concept related to conversion rate. Timber waste arises from felled

logs not being skidded and young trees of commercial value being needlessly destroyed. In
mills, waste is produced when logs degrade during storage and inaccurately sawn lumber
(i.e. excessive thickness) (Gerwing, et al. 1996). According to Pokorny and Steinbrenner
(2005), the multiple components of timber waste from field to mill, resulted in greater
differences in the costs than single estimates of field productivity.
88. Profit estimates of logging operations can also differ because of assumptions

regarding timber quality and prices received. Since many forests within a country may
have already been harvested, timber profits could substantially differ per region. An
assessment of current forest quality and potential forest uses establishes a starting point of
analysis for estimating future profits.
89. The profits generated from high value forests can be substantial. A case of mahogany

harvests in Brazil is an example of high profits with potentially low carbon impact (Box
6.6).

Box 6.5. High-value mahogany - but with what carbon effects?
High value species extracted from forests generate large profits with relatively little effect
on forest carbon. In Brazil, for example, mahogany trees are usually widely scattered in
patches. On average, 5 m3 of mahogany logs are extracted per hectare and generate $81 per
hectare in profit, despite their high ($150 per m3) harvesting costs (Verissimo, et al., 1995).

While this type of forest impact may be small, associated harvest practices can have greater
effects on forest quality. Most logging operations use conventional harvesting techniques,
sometimes termed high impact, that severely damage and degrade forests. Skidder road
construction and damage to other trees during felling can affect both carbon and forest
canopy. Yet, such effects are not typically included in deforestation maps (Nepstad, et al.,
1999). In addition, since only a portion of the tree is being harvested, a substantial amount
of the biomass is not of commercial quality. The unused portion of the tree should to be
considered within carbon accounts of forests.
To assess selective logging, budgets should be estimated for the forest land with logging
(and any subsequent land uses in the trajectory) and for the same forest land without such
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logging. The profitabilities can be compared with differences in C stocks under the two land
uses in order to estimate the REDD+ opportunity costs.

Other forest products

90. Estimates of profits generated from NTFPs also vary widely according to study

methods, products gathered and economic context. In a meta- analysis of NTFP studies,
Belcher, et al. (2005) estimated the value of three types of NTFP production (US$/ha): wild
($1.8), managed ($3.8), and cultivated ($25.6). Costs of collection, especially labor inputs,
are difficult to measure comprehensively and are not reported extensively in the literature.
Although likely to be minor, corresponding levels of carbon in forest and the effect of
gathering on carbon stocks were not examined.

Reforestation

91. Since the 2010 UNFCCC meetings in Cancun, the enhancement of forest C stocks has

been included with REDD (thereby becoming REDD+). This implies, for example, REDD+
eligibility would include changes from: (1) a particular non-forest land use returning to
forest, or (2) a degraded low-carbon forest to a forest with higher carbon content.

Profitabilities of land use trajectories

92. With land use budgets, we now have an analytical framework and sufficient

information to analyze the profitability of land uses over many years. Where needed, the
enterprise budgets have been combined into multiple year budgets representing a land use.
Yet, since land uses can change over time and credits represent carbon contained in land
uses for multiple years (specifics not decided yet within REDD+ policy), a profit analysis of
land use trajectories is called for when estimating REDD+ opportunity costs. Although the
length of the time horizon for analysis can be an arbitrary decision, it should be guided by
REDD+ policy. Common analysis horizons range from 20 - 50 years, and perhaps more. 62
For the purposes of this manual, a 30-year horizon is used.
93. Sample results of a profit analysis from Peru are summarized in Figure 6.6 and

associated Table 6.5. For each land use change in the Peru case, profits in the first year are
negative. This is due to the high investment costs of preparing the land for subsequent
agricultural or tree production. 63

94. Profits also differ each year for most of the land uses. While not producing greater

profits, agriculture and pasture systems generate profits earlier than tree-based systems.
The longest horizon of CDM project activities, other than Afforestation/Reforestation (A/R), is 21 years. For
A/R activities, the time horizon is 20 to 60 years (UNFCCC, 2010).
63 When timber can be sold, for example, first year profits are typically high. Likewise, first year profits can be
positive when clearing costs are low (e.g., using burning with little slashing) and first crops are obtained
quickly (annual crops).
62
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In the Peru example, the agricultural systems are based on either short- and long- fallow
systems, which produce positive profits in years two and three. During the fallow periods
of 4 and 8 years, respectively, no costs or earnings result in zero profit. 64

95. With ranching land uses, although the initial costs of seeding pastures can be low,

other establishment costs such as cattle purchases and fencing are high. The costs of
establishing an improved pasture are greater than a native pasture, generating double the
profits after year 1.

96. The profits of perennial land uses depend on investments required to establish the

system, intercropping activities and the number of years until production from the trees.
The tree-based systems generate negative profits (losses) for one or two years, given that
weeding and other investments are typically required before production.
97. These sample results are highly sensitive to yield, price and input assumptions.

Parameters, within the enterprise or land use budgets, can be adjusted to represent
different socio-economic and biophysical contexts. The interconnected information enables
rapid review of how parameter estimates affect profitability of a land use. More on the
topic of sensitivity analysis, in Chapter 9.
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Figure 6.6. Sample multi-year profit analysis (undiscounted values, $/ha)
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The rental rate of land is considered to be zero. Discussion on this assumption below.
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Table 6.5. A multi-year profit analysis results, Peru (undiscounted; years 1-15, 30)
2

30

1

15

Year

200

81

0

74

81

1

1

74

1

1

74

97
0

81

81
0
74

81

1

97
0

81

81

81

97
115

81

57

97
158

81

46

97
-45

1

74

69

-70

97
0

1

74

-70

-264

1

74

-70

Oil palm
Cocoa

97
0

158

1

97
0

-73

97
0

0

1

74

0

97
0

1

74

115

97
0

1

74

158

97
0

1

74

-73

284
0

1

74

0

-70

1

74

0

378

114
450

74

0
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Charcoal
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Timber

-633

0
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115

38

115

38
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0

158
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0
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(815)
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38

115
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-45
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1

74
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0

38

38
81

0

38

38
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0

38
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0

38

38
57

0

38

38

46

0

38

38

-70
0

38

38

-70
0

38

38

115
38

38

158
38

38

245
38

-384

Charcoal+rice+plantain 8y fallow
-183

Traditional pasture

Timber+improved pasture
NTFP collection
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Net present value
98. The above multi-year profit analyses illustrate how profit levels change annually

during a time horizon. Despite all the results, it is not easy to determine the most attractive
land use with respect to overall profitability. A land use may generate the highest profits,
but occur at the end of a time horizon.
99. Net present value (NPV), or sometimes called present value, is a calculation commonly

used to estimate the profitability of a land use over many years. NPV takes into account the
time-value of money. Since waiting for profits is less desirable than obtaining profits now,
the “value” of future profits is discounted by a specific percentage rate, often ranging from
2- 20%.
100. With multi-year analysis, NPV is a discounted stream of profits (revenues minus costs

of capital, land and labor inputs).

T

NPV = ∑
1=t

Πt
(1 + r )t

Where t = year, T = length of time horizon, Π = annual profits of the LU ($/ha), r = discount
rate. The major assumptions introduced at the stage of NPV calculation are the discount
rate (r) and the time horizon (T).

Which discount rate should be used?

101. For discount rates, NPV analyses typically use loan interest rates, which are set by a

national bank or the government. Such rates can range from 10-30%. Although agricultural
loans are rarely available, especially in remote forest margins regions, bank interest rates
do serve as a good indicator of the time value of money. 65 The interest rate reflects the
opportunity cost of obtaining profits - not now - but in the future.
102. High discount rates can dramatically reduce the viability and attractiveness of long-

term investments. These include enterprises such as forestry, agroforestry, and cattle
systems where initial years require up-front investments and payoffs occur 5-20 years
later. Costs are scarcely discounted, whereas the value of future earnings can be
significantly lower.
103. Another interpretation of the discounting effect from high rates is that future values

do not matter. Since future profits are heavily discounted, they are not important. This can
also be translated into saying that the benefits to future generations do not matter. The
context of high discount rates creates incentives to generate profits and benefits in the
short term, since waiting for the long term is nearly worthless. For example, the use of high
Furthermore, smallholder farmers rarely have title to their land or tangible assets to use for collateral to be
able to borrow funds.

65
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discount rates challenges the view of conservationists who consider current and future
values of biodiversity to be high. Therefore, in order to value ecosystem services, a lower
(social) discount rates could be more justifiable than higher discount rates used in a risky
(private) business environment.
104. In sum, it is important to select a discount rate the reflects the transaction within the

market and policy context. REDD+ programs are not based on the context of smallholders
conservationists or businesses. The national accounting system of a country is likely
intermediate and appropriate financial context of a REDD+ program. Therefore, within this
training manual a 5% discount rate is employed. To see how NPV can be calculated in
computer spreadsheets, examine sheet 30-year analysis in the example workbook. The
combination of enterprises that comprise each land use has been defined in 0. Now, in
sheet NPV, a function within is used to calculate the NPV of the profit stream for each of the
enterprises in a given LUT. The sensitivity of results to this assumption is examined in
detail below and within 0.

Results of profitability analysis

105. Results of a sample profitability analysis are in Table 6.6. NPV estimates for the 30

year timeframe and 5% discount rate range from $15 per ha for NTFP collection to $1047
for a timber and improved pasture land use trajectory. The next lowest performing
trajectory was traditional pasture. Low productivity and initial investment costs decrease
the NPV estimates. In contrast, the inclusion of profits from either timber or charcoal sales
significantly increases NPV estimates. Charcoal profits more than double the NPV of a riceplantain swidden system. Similarly, the NPV of an improved pasture system nearly doubles
with the inclusion of profits from timber. 66
106. All these results are highly dependent upon yields, prices and cost of inputs.

Adjustment to parameters of particular land uses can be made within the corresponding
spreadsheets.
107. Figure 6.7 show the discounted profit horizon of 30-year trajectory. In comparison to

the undiscounted horizon, the discounted values during the latter years are closer to zero.
This holds true for both positive and negative (investments) profits that occur in the
distant future.

By law in Brazil, the minimum harvest cycle for tropical forests is 25 years. Although there no forest has
been managed (and survived) for that long in order to be able to assess feasibility of another harvest in year
25, NPV could be higher based on a 2nd harvest; see van Gardingen, et al., (2006) for forest regrowth models.

66
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Table 6.6. Profitabilities of land use trajectories (5% discount rate, 30 year analysis)
Oil palm
Cocoa
Rice+plantain 8y fallow
Rice+plantain 4y fallow
Improved pasture

245
604
302
409
618

Traditional pasture

336

w/Charcoal

360

Charcoal+oil palm
Charcoal+rice+plantain 8y

605
662
429
1047

w/Timber
Timber+improved pasture
NTFP collection
Source: Authors.
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Source: Authors.

Backend issues – more methods and assumptions
108. Since the results of profitability analyses always depend on a series of assumptions

(e.g., data sources or discount rate), results can and should be questioned. It is therefore
crucial to review profit estimates and the step taken to generate them. In this section, we
revisit important elements of profitability analysis and discuss the implications of
assumptions.

How to handle shared and long-lasting inputs

109. If farm inputs are used for more than one enterprise, the cost of input should be

shared and attributed to the other enterprises. If the cost were to appear within the budget
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of one enterprise, the profit would be incorrectly reduced while other activities become
more profitable.

110. To account for shared inputs, it is recommended to use rental rates per hectare or day

to approximate the cost of tools and machinery (e.g., chain saws, machetes, tractors, etc.).
For long-lasting inputs, prices and average lifetime values can be estimated to impute
annual use cost per hectare. Analysis can also depreciate the value of the input according to
a depreciation schedule (for details, see Gittinger, 1982).

How to estimate budgets for hypothetical land uses

111. Countries may want to estimate hypothetical land use practices within a profitability

analysis. Some practices are not currently observed but may have higher carbon benefits
than current practices (e.g., RIL). Also, other potentially new land uses might come about
(e.g., biofuel production).

112. When estimating hypothetical cases, extra caution should be taken. Often prospective

budgets make unrealistic assumptions in order to obtain funds for research and
implementation. Careful review of the literature about projected yields and associated
costs savings are recommended. In addition, both the socio-economic and bio-physical
conditions of case studies should be comparable to the proposed locations.

How to account for inflation

113. Estimates should be calculated in real terms. In other words, inflation is accounted for

in the analyses, whereby the NPV analyses combines the discount rate with the inflation
rate (Real Interest Rate = Nominal Interest Rate – Inflation). Analyses using real rates are
important as they show the actual increase in value, and how much of a return was just the
effect of inflation.

Time horizon of a net present value analysis

114. For NPV estimates to remain comparable across enterprises and land uses, the same

time horizon must be used in all analyses. This manual uses a 30-year timeframe. As we are
interested in the opportunity cost of entering a REDD+ contract, the choice of the time
horizon may have important implications for buyers and sellers of emissions credits. If the
time horizon for NPV calculation exceeds the respective REDD+ contract duration,
opportunity costs may be overestimated and vice versa.
115. The use of a higher discount rate and longer time horizon can help to improve the

methodological consistency when estimating the land use profits. Since harvest cycles of
different land uses are likely to have differing period lengths, discrepancies can result
within a time horizon. For example, some land uses may end in the end or middle of a
productive phase while other may be in a fallow stage. (Note that in Figure 4.6, the
agriculture-fallow cycles are not complete within the time horizon.) Fortunately, the
discount rate can cause the contribution of later year profits to be less significant.
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116. If a short time horizon is used, then substantial residual values may arise for many

land uses. Using a long time horizon can be easier (long enough that, under whatever
discount rate is chosen, any benefits or losses beyond the time horizon no longer matter)
than to use a short horizon and have to compute and enter residual values.

References and further reading
Almeida, O.T., C. Uhl. 1995. Developing a quantitative framework for sustainable resourceuse planning in the Brazilian Amazon. World Development (23):1745-1764.

Angelsen, A., D. Kaimowitz. 2001. Agricultural Technologies and Tropical Deforestation.
CABI publishing. Wallingford, UK.

Arima, E., A. Veríssimo. 2002. Preçios de Madeira em Pólos Madeireiros Próximos de Cinco
Florestas Nacionais na Amazônia. Ministério do Meio Ambiente - Programa Nacional de
Florestas, Brasília, Brazil.

Bauch, S.C., G.S. Amacher, F.D. Merry. 2007. Costs of harvesting, transportation and milling
in the Brazilian Amazon: Estimation and policy implications. Forest Policy and Economics.
(9): 903–915.
Bauch, S. 2010. Logging, Laws and Lower Volumes: Underreporting of Timber Production in
the Amazon. Working paper. North Carolina State University, Raleigh, USA.

Belcher, B., M. Ruiz-Perez, R. Achdiawan. 2005. Global Patterns and Trends in the Use and
Management of Commercial NTFPs: Implications for Livelihoods and Conservation. World
Development. 33(9):1435–1452.
Binswanger, H., J. McIntire. 1987. Behavioral and Material Determinants of Production
Relations in Land-abundant Tropical Agriculture. Economic Development and Cultural
Change 36:73-99.

Börner, J., S. Wunder. 2008. Paying for avoided deforestation in the Brazilian Amazon:
From cost assessment to scheme design. International Forestry Review 10(3): 496-511.

Boserup, E. 1965. The Conditions for Agricultural Growth: The Economics of Agrarian Change
under Population Pressure. Aldine Publishing Co., Chicago.

Chomitz, K. 2006. At Loggerheads? Agricultural Expansion, Poverty Reduction, and
Environment in Tropical Forests. World Bank, Washington, DC. 234p.
http://siteresources.worldbank.org/INTTROPICALFOREST/Resources/PRR207.pdf

Colán, V., J. Catpo, B. Pokorny, C. Sabogal. 2007. Costos del Aprovechamiento Forestal para
Seis Empresas Concesionarias en la Región Ucayali, Amazonía Peruana. p. 117-134. In:
Monitoreo de Operaciones de Manejo Forestal en Concesiones con Fines Maderables de la
Amazonía Peruana. Ministerio de Agricultura, CIFOR, INRENA. Lima, Peru. 134p.
Coomes, O. T., & Burt, G. J. 2001. Peasant charcoal production in the Peruvian Amazon:
Rainforest use and economic reliance. Forest Ecology and Management (140): 39–50.
6-33

Dykstra, D.P. and R. Heinrich. 1996. FAO Model Code of Forest Harvesting Practice. Food and
Agriculture Organization of the United Nations, Rome. 85 pp.

FAO. 2002. Financial and economic assessment of timber harvesting operations in Sarawak,
Malaysia. Forest Harvesting Case Study 17. Food and Agriculture Organization of the United
Nations, Rome. http://www.fao.org/docrep/004/Y2699E/y2699e00.htm#Contents
FAO. 2001. Forest Harvesting Practice in Concessions in Suriname. Forest Harvesting Case
Study 16. Food and Agriculture Organization of the United Nations, Rome.
http://www.fao.org/DOCREP/003/Y2698E/y2698e00.htm#TopOfPage
Gittinger, J. P. 1982. Economic Analysis of Agricultural Projects. Johns Hopkins University
Press, Baltimore.

Geist, H. and E. Lambin. 2002. Proximate causes and underlying driving forces of tropical
deforestation. BioScience. 52(2): 143-150.
Gerwing, J.J., J.S. Johns, E. Vidal. 1996. Reducing waste during logging and log processing:
Forest conservation in eastern Amazonia. In: Unasylva (187) 64p.
http://www.fao.org/docrep/w2149e/w2149e00.htm

Gregersen, H., H. El Lakany, A. Karsenty, A. White. 2010. Does the Opportunity Cost
Approach Indicate the Real Cost of REDD+ ? Rights and Realities of Paying for REDD. Rights
and Resources Initiative: Washington DC 30p.
Grieg-Gran, M. 2007. The Cost of Avoiding Deforestation. International Institute for
Environment and Development (IIED). Conference presentation at: International Regime,
Avoided Deforestation and the Evolution of Public and Private Forest Policies in the South.
Paris. 21-23 November.
Grieg-Gran, M. 2008. The Cost of Avoiding Deforestation: Update of the Report prepared for
the Stern Review of the Economics of Climate Change. International Institute for
Environment and Development (IIED). London. 26p.
Hofstad, O. 1997. Woodland deforestation by charcoal supply to Dar es Salaam. Journal of
Environmental Economics and Management 33(1), 17–32.

Holmes. T. P., G.M. Blate, J.C. Zweede, R. Pereira, P. Barreto, F. Boltz and R. Bauch. 1999.
Financial Costs and Benefits of Reduced-Impact Logging Relative to Conventional Logging in
the Eastern Amazon. USDA Forest Service International Programs and Tropical Forest
Foundation, Washington, D.C.

Kotto-Same J, Moukam A, Njomgang R, Tiki-Manga T, Tonye J, Diaw C, Gockowski J, Houser
S, Weise S, Nwaga D, Zapfack L, Palm C, Woomer P, Gillison A, Bignell D and Tondoh J, 2000.
Summary Report and Synthesis of Phase II in Cameroon. ASB Country Report. Alternatives to
Slash-and-Burn Program, Nairobi, Kenya.
Kragten, M., T. P. Tomich, S. Vosti, J. Gockowski. 2001. Evaluating Land Use Systems from a
Socioeconomic Perspective. ASB Lecture Note 8. Alternatives to Slash-and-Burn: Nairobi.

Kydd, J, R. Pearce, and M. Stockbridge. 1997. The economic analysis of commodity systems:
Extending the policy analysis matrix to account for environmental effects and transactions
costs. Agricultural Systems. (55) 323-345
6-34

Labarta, R., D. White, S. Swinton. Does Charcoal Production Slow Agricultural Expansion
into the Peruvian Amazon Rainforest? World Development 36 (3):527–540.

Merry, F., Pokorny, B., Steinbrenner, M., Souza, J., Silva, I., 2005. Contabilidade de custo e
eficiência de produção na indústria madeireira na Amazônia Brasileira. IPAM Project Report
for Banco da Amazônia, Belem, Brazil. 115 pp.
Monke, E., S.R. Pearson. 1989. The Policy Analysis Matrix for Agricultural Development.
Cornell University Press, Ithaca, New York.

Nepstad, D., A. Veríssimo, A.A. Alencar, C. Nobre, E. Lima, P. Lefebvre, P. Schlesinger, C.
Potter, P. Moutinho, E. Mendoza, M. A. Cochrane, V. Brooks. 1999. Large-scale
impoverishment of Amazonian forests by logging and fire. Nature (398):505-508.

Pearce, D., F. Putz, J.K. Vanclay. 2003. Sustainable forestry in the tropics: panacea or folly?
Forest Ecology and Management (172):229-247.

Pfaff, A. 1996. What drives deforestation in the Brazilian Amazon? Evidence from Satellite
and Socioeconomic Data. Policy Research Working Paper. The World Bank.

Pokorny, B., M. Steinbrenner. 2005. Collaborative monitoring of production and costs of
timber harvest operations in the Brazilian Amazon. Ecology and Society 10(1): 3. [online]
URL:http://www.ecologyandsociety.org/vol10/iss1/art3/

Ruthenberg, H. 1976. Farming Systems in the Tropics. Oxford University Press, Oxford. pp.
365.
Sheil, D. and S. Wunder. 2002. The value of tropical forest to local communities:
complications, caveats, and cautions. Conservation Ecology 6(2): 9. [online]
http://www.consecol.org/vol6/iss2/art9

Seroa da Motta, Ronaldo. 2002. Estimativa do Custo Econômico do Desmatamentona
Amazônia. Texto para Discussão N° 910, Instituto de Pesquisa Economica Aplicada. 29p.
Souza Jr., C., A. Veríssimo, E. Lima, R. Salomão. 2000. Alcance econômico da exploração
madeireira na Amazônia. IMAZON. Belém.

Southgate, D. 1998. Tropical forest conservation: an economic assessment of the alternatives
in Latin America. Oxford University Press, New York, USA
Stone, S.W., 1998. Evolution of the timber industry along an aging frontier: the case of
Paragominas (1990–1995). World Development (26):433-445.

Tomich, T.P., M. van Noordwijk, S. Budidarsono, A. Gillison, T. Kusumanto, D. Murdiyarso, F.
Stolle and A.M. Fagi. (eds.) 1998. Alternatives to Slash-and-Burn in Indonesia: Summary
Report & Synthesis of Phase II. ASB-Indonesia Report Number 8. Bogor, Indonesia: ASBIndonesia and ICRAF Southeast Asia.
Tomich, T.P., M. van Noordwijk, S.A. Vosti and J. Witcover. 1998. Agricultural Development
with Rainforest Conservation Methods for seeking Best Bet Alternatives to Slash-and-Burn,
with Applications to Brazil and Indonesia. Agricultural Economics. 19:159-174.

6-35

UNFCCC, 2010. Views related to carbon dioxide capture and storage in geological
formations as a possible mitigation technology. SBSTA. Thirty-second session Bonn, 31
May. 8p. http://unfccc.int/resource/docs/2010/sbsta/eng/misc02a01.pdf

Van der Hout, P. 1999. Reduced impact logging in the tropical rain forest of Guyana:
ecological, economic and silvicultural consequences. Tropenbos-Guyana Series 6,
Wageningen, the Netherlands.

van Gardingen, P.R., D. Valle, I. Thompson, I. 2006. Evaluation of yield regulation options for
primary forest in Tapajos National Forest, Brazil. Forest Ecology and Management, 231:
184-195. http://www.geos.ed.ac.uk/homes/paulvg/publications/tapajos.pdf
Vedeld, P., A. Angelsen, E. Sjaastad, G. Kobugabe Berg. 2004. Counting on the Environment:
Forest Incomes and the Rural Poor. Environmental Economics Series Paper 98. The World
Bank: Washington, D.C. 114 p.

Vera Diaz, M.C. and S. Schwartzman,. 2005. Carbon offsets and land use in the Brazilian
Amazon. In Moutinho and Schwartzman (eds.) Tropical Deforestation and Climate Change.
IPAM (Instituto de Pesquisa Ambienta de Amazonia), Parà, Brazil; Environmental Defense
Fund, Washington, D.C.
Veríssimo, A., P. Barreto, M. Mattos, R. Tarifa, and C. Uhl. 1992. Logging impacts and
prospects for sustainable forest management in an old Amazonian frontier: the case of
Paragominas. Forest Ecology and Management 55: 169-199.

Veríssimo, A., P. Barreto, R. Tarifa, C. Uhl. 1995. Extraction of a high-value natural resource
in Amazonia: the case of mahogany. Forest Ecology and Management (72):39–60.

Veríssimo, A., E. Lima, M. Lentini. 2002. Pólos Madeireiros do Estado do Pará. Belém, Brazil:
Instituto do Homem e Meio Ambiente da Amazônia (IMAZON), 74p.
http://www.imazon.org.br/downloads/index.asp?categ=1

Vincent, R. J., C. Clark Gibson, M. Boscolo. 2003. The Politics and Economics of Forest Reforms
in Cameroon. The World Bank: Washington, D.C.
Vosti, S., J. Witcover, J. Gockowski, T.P. Tomich, C.L. Carpentier, M. Faminow, S. Oliviera, C.
Diaw. 2000. Alternatives to Slash-and-Burn. Report on Methods for the ASB Matrix. Working
Group on Economic and Social Indicators. ICRAF: Nairobi.
White, D., S.J. Velarde, J.C. Alegre and T.P. Tomich (Eds.), 2005. Alternatives to Slash-andBurn (ASB) in Peru, Summary Report and Synthesis of Phase II. Monograph. Alternatives to
Slash-and-Burn, Nairobi, Kenya.
http://www.asb.cgiar.org/PDFwebdocs/White_et_al_2005_ASB-Peru.pdf

Winkler, N. 1997. Environmentally Sound Forest Harvesting: Testing the Applicability of the
FAO Model Code in the Amazon in Brazil. Forest Harvesting Case Study 8. Food and
Agriculture Organization of the United Nations, Rome, Italy.

6-36

