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Abstract: In the Mananara-Nord Biosphere Reserve, the prices fluctuation of cash crops is a very important hazard for local 
populations whose local economy is heavily dependent on them. The objective of this study was to analyze where this price 
fluctuation comes from and how it affects landscape transformation and forest cover dynamics. Based on both quantitative and 
qualitative analysis, the study is particularly important because it highlights the underlying causes of deforestation at different 
international, national and local scales. It also helps to understand that household strategies are dynamic and reflect competition 
between agroforestry systems, food production systems and forest exploitation systems. 
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1. Introduction 

The Mananara-Nord Biosphere Reserve (MNBR) is 

located in the northeastern part of Madagascar. Very 

rich in biodiversity and forest ecosystems, the reserve 

plays an important role of regulation and water 

reservoir supplying several watersheds which shelter 

many agricultural plots [1]. The area also has strong 

agricultural potential, particularly in cash crops: 

cloves, vanilla and coffee, inherited from colonial 

times [2, 3]. 

According to local perception, the cash crops prices 

fluctuation represents one of the most important 

hazards for households, particularly with regard to 

their access to livelihoods [4]. There are other equally 

important vulnerability factors such as area’s isolation 

and difficult access to markets, frequent cyclones, 

climate variability, social insecurity (mainly linked to 

vanilla theft) and political instability. 

With the rapid population increase in the area from 
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33,000 inhabitants in 1956 [5] to 230,000 inhabitants 

in 2016 [6] and the arrival of many migrants attracted 

by the development of cash crops, cultivable land 

outside conservation forest areas (protected areas and 

forest areas that have been the subject of management 

transfer to local populations) is becoming scarcer.  

The main pressures on forest resources are 

slash-and-burn clearing, commonly known as tavy, 

the transformation of forest areas into subsistence 

agricultural areas, plundering of both timber and 

non-timber resources, etc. [7].  

In 2000, Locatelli already underlined the annual 

decline of forest limits due to cash crops progression, 

but also the practice of slash-and-burn farming [5]. 

Gestin (2016) demonstrates that the variation in clove 

prices in the zone influences both the household land 

acquisition patterns and the dynamics of agro-forestry 

systems exploitation in the zone [8]. Other studies 

show the link between the monetary flows generated 

by local speculation in cash crops, particularly vanilla 

and cloves and trafficking in wood and precious 

stones in the area [9-11]. 
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However, very few studies have actually invested 

the influence of the national and international cash 

crop market on local household strategies and forest 

dynamics. In this context, it is supposed that variations 

in vanilla and clove prices have some influence on the 

behavior of households living near the protected area. 

Together with other social and political factors, they 

allow a better appreciation of household strategies 

towards deforestation and to specify its main 

motivations: necessity or opportunity [12]. 

This article was aimed therefore to analyze the 

interrelation between price variations of cash crops, 

particularly vanilla and cloves and household coping 

strategies in the face of these changes in the landscape. 

2. Materials and Methods  

2.1 Location of the Study Area 

MNBR is located in the northeastern of Madagascar. 

Established in 1989 from Decree No. 89-216 of July 

25, 1989, it has gotten financial support of Man and 

Biosphere (MAB) Program of UNESCO. The MNBR 

is made up with a 140,000 ha protected area, which is 

divided into main core conservation area with national 

park status (24,000 ha) including forest and marine 

park and multipurpose peripheral area (116,000 ha) 

where development activities are carried out [1]. The 

delegated manager of the park is Madagascar National 

Parks (MNP) (Fig. 1). 
 

 
Fig. 1  Mananara-Nord Biosphere Reserve (MNBR) location [1]. 
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2.2 Methodological Approaches  

This study consists of two phases: qualitative and 

quantitative. The qualitative phase includes the 

historical analysis of changes in cash crop prices by 

understanding the mechanism of price formation at 

different international, national and local scales. This 

phase involves a literature review and semi-directive 

interviews with resource persons including exporters, 

collectors, producers and local administrative 

authorities. 

The quantitative phase consists of collecting data on 

prices via bibliographic reviews (for periods before 

2000) and on FAOSTAT and Trade Map for the rest. 

The data on the evolution of forest cover for the 

periods before 1989 come from the literature review 

on the reserve and those after, data from forest cover 

analyses carried out by the Ministry of Ecology, the 

Environment and Forests with the support of other 

institutions for these periods: 1990-2000, 2000-2005, 

2005-2010 and 2010-2013. 

A correlation test was carried out using the 

XLSTAT software, chosen variables are: the evolution 

of the number of population in the reserve between 

2001 and 2013, the prices of cloves, vanilla, coffee 

and essential oils during this period and the evolution 

of forest cover and the number of existing support 

projects in the area in support of local producers. This 

period (2001-2013) was particularly well selected, as 

the data for all variables were complete. 

3. Results and Discussion  

3.1 Factors Driving Changes in Cash Crops Prices 

Fluctuation 

The mechanism behind the change in cash crop 

prices is explained by what is happening at the 

international, national and local levels. Demand for 

cash crops follows its own logic and affects the 

behavior of the various stakeholders in the sectors 

through two inputs: the quantity and quality of 

products (Table 1). 

The price may vary according to the quantity of 

cash crops available in the re-exporting countries 

(Netherlands, France, USA, etc.), which may limit, 

reduce or increase demand according to their stocks. 

For example, after a sharp rise between 1970 and 1982, 

the price of cloves dropped from 1983 [8]. This fall 

was linked to the development of Indonesian 

production and the fall in its imports, whereas 

Indonesia was the world’s largest importer at that time. 

In 1986, the country having reached a level of 

production allowing it to satisfy its domestic demand, 

slowed down its imports and was even able to export 

[3, 13]. This had considerably reduced its demand in 

Madagascar and caused prices to fall. 

The reversal trend in the fragrance and food 

industries from natural vanillin to synthetic vanillin in 

the early 2000s had caused a significant drop in 

vanilla prices due to the drop in local demand [14, 15]. 

Synthetic  vanillin  had substituted  30% of the  natural 
 

Table 1  Conditions promoting variation in clove and vanilla prices in the Mananara-Nord Biosphere Reserve (MNBR) at 

different scales. 

 International National/ local 

Quantity 
Availability in reserve stocks from 
speculative countries 

Cyclones 
Early harvest and sale of green vanilla 
Theft of products (from fields or villages) 

Quality 
Change in quality trend (organic, 
fair trade, natural products, etc.) 

Cyclones 
Extension of the marketing chain through the existence of numerous economic 
intermediaries 
Lack of technical support on transformation 
Transformation by quick curing and quick-drying (especially for vanilla) 
Lack of control by state officials 
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vanilla market and had therefore reduced world 

demand [16] thanks to its low production cost. From 

2013, there is an exponential increase in the price of 

vanilla from 30 USD/kg to 360 USD/kg in 2017. It is 

attributed to several reasons, particularly the depletion 

of the international vanilla stock and the increased 

demand for natural vanilla. Almost all vanilla is stored 

throughout the world (around 2,500 tons) for 

speculative purposes. Many were sold at a time when 

the international price was still around 100 USD/kg 

[17]. The security stocks accumulated in Europe and 

the USA in recent years are therefore in sharp decline 

(about 800 tons in 2015, more than 3/4 of this stock 

was consumed in 2016 for the needs of the food 

industry including for the manufacture of vanilla 

extracts). Given that 80% of the world’s supply is 

currently supplied by Madagascar, the price has 

increased rapidly following the passage of cyclones at 

the beginning of 2017. 

At national and local level, many economic 

intermediaries are extending the marketing circuit and 

widening the price differential between producer and 

exporter prices. Faced with the absence of control by 

public officials, vanilla and cloves speculation 

constitutes a means of money laundering resulting 

from trafficking in rosewood and ebony [18, 19]. This 

cumulative situation with the passage of cyclones 

(Enawo in 2017) makes it possible to explain the rise 

in vanilla prices from 2013. Other hypotheses are also 

put forward to explain this increase such as the 

drop-in production due to an early harvest of green 

vanilla (which limits the quality of the processed 

vanilla) [17]; processing methods by “quick curing” 

and “quick-drying” which consists of a green 

extraction of vanillin with technological drying or 

rapid preparation processes. This practice has harmful 

consequences on Malagasy vanilla production: it 

degrades the quality of natural vanilla. It favors the 

early harvest of green vanilla leading to negative 

social impacts (theft, corruption, etc.). In the long run, 

it could even destroy a significant number of jobs 

assigned to the preparation of natural vanilla. It also 

threatens prepared “black” vanilla (gourmet), which 

requires about six months of preparation to have 

excellent quality. Finally, there is the chain reaction 

between speculators or economic intermediaries at the 

local level. The latter anticipate price increases 

leading to “chain reactions” or “mimicry” [20-22] 

from one speculator to another leading them to 

increase demand for vanilla. The higher the price, the 

more speculators there are and the poorer the qualities. 

As a result, some exporters have preferred not to buy 

vanilla in 2017 because prices are too high for them 

while quality is not assured. 

3.2 Household Strategies to Cope with Changes in 

Cash Crop Prices and Their Impact on Landscape 

Transformation 

Household strategies facing to price variations are 

reflected in interdependence between food crops, 

particularly rainfed rice, cash crops and lumbering. 

Rice is the staple food in the region, as in the rest of 

the country, and the biosphere reserve area is deficient 

in rice. The topographical characteristics of the area 

do not allow having a large swamp area that is flooded 

and sufficiently manageable to meet the rice needs of 

the entire population [23, 24]. Thus, households must 

purchase either rice through income from cash crops, 

or rainfed rice, requiring slash-and-burn.  

The dynamics of household strategy in relation to 

changes in cash crops fluctuation and other factors 

influence landscape transformation and forest cover 

loss (Figs. 2 and 3). 

Fig. 3 shows more clearly the decrease in forest 

cover in the MNBR for each of the analysis periods. 

Based on the four periods studied, there is an 

evolution of strategies: 

(1) Before 1989: Land accumulation and massive 

investment strategy on cash crops. 

Before the biosphere reserve was established, very 

few land restrictions were reported. Household 

behavior on the reserve was dominated by logic of land 



 

 

 
 
 
 
 
 

 
 
 

 Before 1989 1990-2000 2001-2009 2010-2017 

Length of fallow (year) > 10 8 5 2 
Average areas owned by 
a household (ha) 

4 3 2 < 1 

Rainfed rice production 
(kg/ha) 

1,400 1,000 700 350 

Major changes in the landscape and household strategies 

Land acquisition 
process 

Slash-and-burn clearing in 
primary forests  
Accaparment by the 
“biran-tany” (ancestor’s land)

Slash-and-burn clearing in primary 
forests outside park boundaries 
Accaparment by the “biran-tany” 

Plundering timber resources 
Inheritance of “biran-tany” 
Speculation of lands from “biran-tany” 
obtained before 

Extension of agricultural areas in 
forests, mainly by undergrowth crops 

Household’s strategies 
dynamics 

Land accumulation and 
massive investment strategy 
on cash crops 

Land adaptation strategy in the face of 
restrictions related to the establishment 
of the MNBR 

Land adjustment strategy in relation to 
land scarcity and price fluctuations of 
cash crops 

Opportunistic strategy for land 
acquisition and intensification of 
agro-forestry systems 

Landscape dynamics  
Monospecific clove and 
coffee plantations 

Transformation of clove fields into 
rainfed rice fields 
Coffee fields abandoned  
Vanilla plantation to compensate for 
lower clove and coffee prices 

Generalization of clove planting 
Abandonment and low maintenance of 
vanilla trees 

Generalization of clove planting  
Intensive replanting of vanilla trees 

Fig. 2  Synthesis of land tenure strategies dynamics in relation to forest dynamics.  
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offset the trade balance deficit due to the necessary 

rice imports [3]. As a result, there is a rapid increase 

in clove and coffee plantations in the area [5] mainly 

driven by an attractive price. 

In 1983 the price of cloves fell sharply and in 1987 

the price of coffee fell sharply, too. These falls had 

caused a shift from agroforestry plantations to rainfed 

rice cultivation.  

(2) 1989 to 2001 period: Land adaptation strategy 

in the face of restrictions related to the establishment 

of the MNBR. 

The MNBR was established in 1989. Despite the 

restrictions made during this period, under the 

management of the UNESCO-MAB Programme, the 

creation of legal status had in no way slowed 

deforestation [2, 24]. However, many measures had 

been deployed by the program to both conserve 

natural resources and ensure the development of 

peripheral areas in the spirit of a biosphere reserve 

[23].  

From the perspective of the cash crop market, 

prices for cloves and coffee were at their lowest. The 

vanilla sector was maintained on an upward trend until 

1994, before falling for the first time in 1995. At the 

international level, the supply of vanilla became more 

and more consequent, thanks to the assisted 

plantations, materializing in the zone by the 

endowment of lianas by the program. This had 

provoked strong international speculation, especially 

at the level of the biggest demanders: America, France, 

etc. It was sufficient to limit demand by using 

previous stocks to cause a considerable drop in 

purchase prices from local producers [28]. 

To compensate the losses, households were forced 

to increase their rice production and orient their 

strategies towards more “direct” food security [29]. As 

the extension of agricultural areas in the forest was no 

longer free, some households turned to the 

development of terraces on the slopes into irrigated 

rice fields (“kirisana”) [5]. In addition, there has been 

a reduction in the fallow period in rainfed rice fields, 

leading to a drop in the annual rice yield. 

Due to falling prices, monospecific clove and coffee 

plantations were no longer harvested and maintained. 

One form of adaptation had also been the production 

of clove oil since 1991 [3, 15]. Although still limited 

compared to the surrounding districts, the production 

of clove oil by some households was experimented 

during the period with traditional stills. 

(3) 2001 to 2009 period: Land adjustment strategy 

in relation to land scarcity and price fluctuations of 

cash crops. 

From the early 2000s, management transfer 

contracts were established around the reserve to serve 

as a green belt for the national park. These changes 

would cause major upheavals in household strategies. 

More than a hundred households had been evicted 

from the core of the park and their crops destroyed. 

Many no longer had access to their “biran-tany” now 

delineated within the park and/or in transferred areas 

[30]. 

Forest controls were becoming increasingly 

rigorous and local motivation to manage the 

transferred forests was very high 1 . This had 

considerably reduced the possibility of access to forest 

land. Political stability between 2002 and 2008 also 

encouraged this situation.  

From a market point of view, the price of vanilla 

had fallen suddenly after a sharp rise in 2003. Thanks 

to its low production cost, synthetic vanillin had 

destabilized the natural vanilla market and had 

strongly impacted prices to producers throughout the 

country. In addition to these various hazards, three 

intense cyclones passed through the district between 

2000 and 2004. 

In response to restrictions on access to forestland, 

many households were forced to adjust the capital 

available to meet their needs: for those who had 

inherited “biran-tany” outside the park and the 

transferred areas, they were exploiting the remaining 

                                                 
1 Because of all difficulties encountered by those responsible 
for managing transferred forest especially face to heavy timber 
traffic, but above all because of the lack of effective 
involvement of the forest administration control. 
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land. For those who had lost most of their land, they 

resorted to the sharecropping of rice fields and/or 

agricultural labor. The fallow period in rainfed rice 

fields was reduced to five years, further reducing their 

productivity. 

Faced with the sharp fall in vanilla prices, many 

households abandoned the maintenance of vanilla 

plots to cloves plantations whose prices had improved. 

Even though the price of cloves varied greatly, the 

market was still secure, unlike vanilla. Since then, 

clove planting had become widespread and 

agricultural diversification had increased, reflecting an 

adjustment strategy to cope with the fluctuations of 

the market. 

(4) 2010-2017 period: Opportunistic strategy for 

land acquisition and intensification of agro-forestry 

systems. 

This period is marked by a long period of political 

transition from 2009 to 2014 during which there was 

little or no control in the forests [11]. In consequence, 

land pressure and selective logging of timber 

(rosewood, ebony and rosewood) were very high 

especially in the transferred forests around the park. 

The political crisis has favored the predominance of 

an opportunistic land appropriation strategy. 

The price of cloves and essential oils rose sharply 

due to strong demand from large exporting companies 

(e.g., Givaudan, Oil and Spices, Lafazza, etc.) [19]. 

From 2013, the price of vanilla also exploded from 5 

USD/kg to 300 USD/kg during the 2017 season. All 

this has encouraged the arrival of many migrants in 

the area, attracted by the daily labor force and 

speculation linked to cash crops. 

With soaring prices, households all want to invest 

in cash crops in different ways, mainly by expanding 

crop fields. The laxity of the state during the crisis 

period allowed many households either to re-exploit 

“biran-tany” before banned, or to grow undergrowth 

crops (consisting in planting vanilla and clove trees 

under the shade of the forests and as soon as the 

young plants reached a certain height, the large trees 

that covered them were gradually cut down) in the 

transferred forests [27]. Reflecting the strong local 

demographic pressure, the fallow period has been 

reduced to two years and the rice yield is increasingly 

low. 

Lessons from the past from the fluctuating prices of 

cash crops now teach local populations that cloves are 

long-term investments, often profitable since if cloves 

price ever falls, leaves can be pruned and distilled into 

essential oils [31]. 

3.3 Between Cash Crops and Forest Cover  

The following analysis explains the correlation 

between cash crop prices and forest cover changes 

(Table 2).  

Table 2 shows that between 2001 and 2013, there is 

a negative correlation between the evolution of forest 

cover and population growth, the increase in coffee 

and clove prices and the increase in the number of 

local development projects in the area. Thus, as these 

variables increase, there is less forest cover. On the 

other hand, a positive correlation is noted between the 

evolution of forest cover and the increase in vanilla 

price. In other words, when market prices for vanilla 

are good, there is less deforestation. 
 

Table 2  Correlation between changes in forest cover, population growth and cash crop prices evolution from 2001 to 2013. 

Variables Population size Clove prices Vanilla prices Coffee prices Cloves oil prices Forest cover Number of projects

Population size 1 0.540 -0.852 0.851 0.909 -0.974 0.777 

Clove prices 0.540 1 -0.481 0.754 0.681 -0.405 0.658 

Vanilla prices -0.852 -0.481 1 -0.778 -0.762 0.755 -0.443 

Coffee prices 0.851 0.754 -0.778 1 0.788 -0.765 0.683 

Cloves oil prices 0.909 0.681 -0.762 0.788 1 -0.852 0.731 

Forest cover -0.974 -0.405 0.755 -0.765 -0.852 1 -0.805 

Number of projects 0.777 0.658 -0.443 0.683 0.731 -0.805 1 
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It should be noted that the analysis of these results 

must take into account the parameters related to the 

political situations of this period with two major crises: 

in 2001 and in 2009. Years of political instability are 

having an impact on forest cover: in 2007, there was 

already a loss of 6,000 ha coinciding with this year’s 

presidential election, then in 2009, with the beginning 

of the transition period from 2009 to 2014. 

For local populations, perennial crops such as 

coffee and cloves constitute territorial markings to 

appropriate land. The increase in their prices further 

promotes the expansion of crops. Moreover, the logic 

of households is such that cloves still hold an 

important place as a guarantee of risk, in case vanilla 

prices fall again. Also, from the age of 15, young men 

are encouraged by their parents to plant cloves to 

ensure them a form of long-term savings and to face 

marriage with at least this capital. In addition, changes 

in essential oil prices, particularly from the late 2000s 

had repercussions on the use of firewood for 

distillation [31, 32]. However, it should be pointed out 

that this activity is still considered by many as a 

secondary activity and that it is only during the lean 

periods or when cloves are not productive that 

distillation is envisaged. Others also use distillation to 

maintain their cloves, preventing them from becoming 

too high and thus offering a strong grip on cyclones 

[33]. 

The vanilla price increase seems also to influence 

the reduction of deforestation. As this is a very 

profitable annual crop, the productivity of the work is 

very interesting compared to cloves where it would be 

necessary to wait about 10 years before having the 

first clove. It is also demanding in labor and especially 

in daily care: pollination almost every morning from 

December to March. Then, as soon as it starts to 

mature, producers have to do the guarding to limit 

thefts. A social organization system has gradually 

been established in the MNBR to ensure the safety of 

the vanilla trees: all the men in the household take 

turns guarding the vanilla trees. Tangalamena (village 

elders) and local customary authorities imposed rules 

(naturally outside the law of the state) to go as far as 

thieves killing. As a result, very few people dare 

venture into the forests for fear of being called thieves 

and suffering popular vindictiveness [30]. 

4. Conclusions 

This study highlighted the influence of the 

international and national cash market on household 

strategies and landscape dynamics in the MNBR. The 

history of market trends reveals that local populations 

are sensitive to price variations which are on the one 

hand due to the structure of international demand, and 

on the other hand to the opportunistic strategies of the 

various national and local actors throughout the 

supply chains. Actors’ games and their behavioral 

logics influence pricing at the local level. The sharp 

rise in vanilla prices from 2013 onwards can be 

explained here. It is partly linked to money laundering 

following the exploitation of rosewood, which 

expanded rapidly during the transition period, but also 

to the abundance of the informal sector and the 

absence of the state as regulator, legislator, facilitator 

and the best guarantor of local market efficiency. 

An important focus of this study was also the link 

between the dynamics of household strategies in 

response to price fluctuations and forest dynamics. 

The transformation of the landscape on a territorial 

scale is marked by a clear competition between 

agro-forestry farms, food-producing farms through 

rain-fed rice cultivation and forest resource farms for 

fertile land. If cash crop prices fall, households 

intensify rainfed rice production to balance their food 

security. If prices rise, they intensify the agroforestry 

system. The production factor land still plays an 

important role in either case. According to the four 

periods of analysis, there is a dynamic of household 

land appropriation strategies closely linked to changes 

in the prices of cash crops.  

Finally, the study highlighted the role of the state in 

strengthening support to producers so that they can 
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cope with fluctuations in the prices of cash crops on 

which their livelihoods depend. The aim is to promote 

the security of their investments through land tenure 

security and access to production factors, making it 

possible to increase the added value generated by the 

products and makes them more competitive on the 

international market. It is also about shortening the 

marketing circuit by establishing more effective local 

market regulation systems (taxation). Moreover, 

market regulation presupposes the existence of 

product evacuation routes that should be practicable 

on an almost permanent basis; in other words, the 

establishment of structuring infrastructures that 

generate productive assets and create new economic 

added value. 
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