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ABSTRACT 

Gold mining is the main economic activity in Madre de Dios, Peru. Despite efforts, the state has not yet 
managed to identify a formalization process achievable for small operators. In addition, many small-scale 
miners are driven by poverty and need income to provide for their basic needs. Because participation in 
small-scale mining is largely driven by poverty, it is likely that, in the longer term, much artisanal mining 
activity will disappear naturally if, through economic development, more attractive work options become 
available. This paper reviews the importance of illegal mining in Madre de Dios and the potential for 
development of the agriculture sector. It also analyzes three different policy scenarios: (1) government 
spending to rectify the environmental damage in the region caused by illegal mining, (2) development of 
the agricultural sector in the region, and (3) a final scenario with both environmental restoration and 
agricultural development. Results show that additional government spending in Madre de Dios does not 
significantly affect the rest of the country and that investment in agriculture can achieve structural change 
in the gross domestic product of Madre de Dios. Development of the agricultural sector also slightly 
increases household incomes in Madre de Dios.  

Keywords:  illegal mining, Peru, CGE models 
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1.  INTRODUCTION 

Peru is a mineral-rich country, and mining has driven much of Peru’s economic growth over the past 
several years. Gold and copper are some of the country’s principal exports, while silver and other base 
metals also provide significant contributions. Currently, Peru is the sixth largest producer of gold in the 
world; the second of silver; the third of copper and zinc; and the fourth of lead, tin, and molybdenum 
(Ministry of Energy and Mines 2015). Because this production is primarily for international markets, 
mining is an important source of foreign exchange and consistently represents more than 50 percent of 
Peru’s total exports. 

The expansion of mining and extractive industries in Peru has primarily been through the 
development of large industrial mines. Large-scale mining is a highly capital-intensive industry 
generating a limited number of jobs. The local populations in the rural areas where mines are located 
often lack the skills necessary to work in the mine. However, the growth of large-scale mining has 
contributed to infrastructure development in rural areas, while also generating income for the state. As 
such, poverty in Peru has fallen from 49 percent in 2005 to 23 percent in 2014 (Economist 2016).  

Not all mining growth in Peru has been in large-scale mining. Rising gold prices in the mid-2000s 
also drove expansion in small-scale and artisanal gold mining in Peru; these operations are believed to 
generate around 10 percent of Peru’s total gold production. In the mid-1990s, prior to the opening of 
several large industrial mines, artisanal mining represented almost 50 percent of total national production 
(Kuramoto 2001). Small-scale and artisanal mining operations are characterized by the use of rudimentary 
technology and depend almost entirely on human labor. Although there are no widely accepted definitions 
of artisanal and small-scale mining, the production processes used in both cases are essentially the same. 
Most of the sectoral statistics and surveys collected in Peru refer to artisanal mining as a whole, without 
differentiating the legality of the operation. According to Peruvian Law No. 27,651 of 2002, the 
“artisanal” designation applies to mining operations covering an area of up to 1,000 hectares (ha) and a 
production capacity of up to 25 metric tons (MT) per day. 

There are also differences in the legality of small and artisanal operations. In some cases, small-
scale miners have legal title to the land they work; in other cases, they neither own nor have authorization 
to mine the land. Informal and illegal mining are also distinct: Informal mining occurs in areas zoned for 
mining and with allowed extraction process, though the operation does not have permission from the state 
to mine. Illegal mining operations do not have permission from the state to operate and occur in areas 
where mining is not permitted, use prohibited processes, or both.  

Most of the consulted literature uses the term artisanal to refer to all types of small mining, 
including small and artisanal and informal and illegal. As a result of the limited literature that 
differentiates between different types and legalities of small mining, this paper uses the term artisanal as 
overarching of all types; only in cases where specific information was available will the terms informal or 
illegal be used. It is worth explicitly noting that artisanal mining is not always practiced illegally or 
informally; there are cases in which it complies with environmental regulations and other legal 
requirements.  

Today illegal mining is a phenomenon present in almost all departments, or regions, of Peru. This 
is likely the result of the lack of a clear and effective process of formalization, the government’s limited 
resources and capacity to address and curb the activity’s expansion, and there being few other economic 
opportunities for local workers. Participation in artisanal mining has not decreased even as Peru’s 
economy has grown; it has even helped combat poverty in diverse sectors of the population. Traditionally, 
artisanal mining took place in the departments of Madre de Dios, Puno, and La Libertad; it has since 
expanded to new areas in Cajamarca, Piura, Amazonas, Ucayali, Lima, Ayacucho, Apurímac, Moquegua, 
and Tacna, ranging virtually all departments of the country.1 Growth of artisanal mining has been 

                                                      
1 According to unofficial sources, the Ministry of Energy and Mines believes that illegal or informal mining is now present 

in all 25 departments of Peru (Heck and Tranca 2014). 
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particularly dramatic in Madre de Dios, where production has increased nearly 54 percent since the mid-
1990s.  

Artisanal mining is the main economic activity in Madre de Dios and, combined with other 
extractive activities, contributed 53 percent of the regional gross domestic product (GDP) in 2014. Other 
components of GDP in Madre de Dios include agriculture and forestry (5.4 percent), manufacturing (6.5 
percent), construction (4.1 percent), public administration (2.9 percent), and other economic activities 
(28.1 percent). It is estimated that there are more than 30,000 miners in the region, operating with 
increasingly sophisticated and heavy equipment, such as loaders, trucks, and dredges of various kinds 
(Brack et al. 2011). With this expanding mechanization, these mining operations are likely now 
approaching medium-scale production levels.  

Despite using increasingly sophisticated equipment, 99 percent of mining operations in Madre de 
Dios are illegal (INEI 2014). Because these operations are lacking government oversight or instruction 
and are operating illegally, poor environmental and social practices predominate. In these conditions, the 
artisanal miners themselves often become victims. Mining operations in Madre de Dios have destroyed 
more than 302,000 ha of forest. Several rivers in the region have been seriously contaminated with 
mercury and other pollutants. It is estimated that in the past 20 years, more than 3,000 tons of mercury 
have been dumped into the rivers of the Amazon Basin, polluting water, aquatic organisms, and human 
populations that consume water and fish (Brack et al. 2011).  

These environmental impacts cannot be ignored. The government of Peru has recognized that 
there has been a significant expansion of illegal mining in the country, and in 2010, Emergency Decree 
No. 012-2010 declared it in the national interest to formalize mining in Madre de Dios. As a result of this 
decree, the Ministry of the Environment began working to formalize mining in Madre de Dios and 
nationwide, though it has experienced limited success. More recent government actions have involved 
militaristic actions to destroy mining equipment and mining towns (BBC.com 2015; Taj 2015). The lack 
of progress in controlling illegal mining and improving environmental practices in Madre de Dios led the 
government in late May 2016 to declare a two-month state of emergency for much of the region after 
identifying high levels of mercury in people, rivers, and fish in the region (Decree No. 034-2016PCM.) 

The country needs to identify a formalization process that is achievable for small operators who 
may lack formal education. Until that occurs, it is expected that, in the short and medium term, artisanal 
mining operations will remain illegal. In addition, many small-scale miners are driven by poverty and 
need income to provide for their basic needs; thus, to be successful, any efforts by the government must 
recognize the needs of small miners. Because participation in small-scale mining is largely driven by 
poverty, it is likely that, in the longer term, much artisanal mining will disappear naturally if, through 
economic development, more attractive work options become available. This does not mean that all forms 
of artisanal mining will cease to exist; rather, it means that the more marginal operators, and likely many 
of the illegal operators, will find employment elsewhere.  
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2.  GOLD MINING AND THE PERUVIAN ECONOMY 

For nearly 20 years, the economy of Peru has experienced a sustained economic growth, heavily driven 
by exports. As a country rich in natural resources, exports of extractive resources have contributed 
significantly to this growth, with gold exports being one of the country’s main economic drivers.  

In the early years of the new millennium, rising gold prices worldwide contributed to increased 
production in Peru, with gold production peaking in 2005 (Figure 2.1). Since that time, gold production 
has gradually fallen, despite gold prices rising through 2012. Production decreased in the face of rising 
prices as several large mines exhausted their mineral reserves, forcing a decrease in production (Vigo 
2012; Pierina, n.d.).  

Figure 2.1 World gold price and Peruvian production (2000–2014) 

  
Source:  Authors based on Central Reserve Bank of Peru (2015). 
Notes:  * = preliminary data. OzF = fine ounces; OzTr = Troy ounces. 

With high gold prices through the 2000s offering economic opportunity, the Peruvian government 
undertook structural reforms to attract additional investment and, thus, more large-scale mining to the 
country (Cremers, Kolen, and de Theije 2013). An influx of foreign investment in the country resulted in 
the construction of large industrial mines that produce the majority of national gold. Unlike most other 
governments, Peru has established size classification for all forms of formal mining, as shown in Table 
2.1. While large and medium mining operations produce the majority of gold production in Peru, artisanal 
and small mining contribute approximately 10 percent of national production; they contributed 13.55 
percent of total gold production at their peak in 2011 (Table 2.2). It is important to note that production 
for artisanal and small mining includes production from legal operations, as well as estimated production 
from illegal operations. 

Table 2.1 Size classification of formal mining in Peru 
Stratum Size of concession Productive capacity 
Large mining More than 2,000 hectares More than 5,000 MT/day 
Medium mining More than 2,000 hectares To 5,000 MT/day 
Small mining To 2,000 hectares To 350 MT/day1 
Artisanal mining TO 1,000 hectares To 25 MT/day2 

Source:  Ministry of Energy and Mines (2005). 
Notes:  1 Up to 3,000 m3 of material processed per day. 2Up to 2,000 m3 of material processed per day. ha = hectare; MT = metric 

ton. 
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Table 2.2 Annual gold production in Peru by category (thousands of fine ounces) 

Category 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 
Large and medium 
mining 6,125 5,933 4,817 5,095 5,164 4,495 4,408 4,567 4,234 3,935 
Small mining 44 79 129 150 197 168 210 259 295 311 
Artisanal mining 518 509 527 538 554 612 724 368 495 253 
Total 6,687 6,521 5,473 5,783 5,915 5,275 5,342 5,194 5,024 4,500 
Artisanal share of total 7.75% 7.81% 9.63% 9.30% 9.37% 11.60% 13.55% 7.09% 9.85% 5.62% 

Source:  Authors based on Ministry of Energy and Mines (2015). 

Fully permitted legal mining operations in Peru first receive a mining concession, which grants 
permission to extract or process ore from an area of land. To retain a concession, holders must pay an 
annual fee and meet minimum production or investment levels. In addition, Peru recently enacted 
regulations establishing environmental standards and requires the completion of an environmental impact 
statement, which evaluates the environmental and social impacts of a mine. Mine closure plans must also 
be reviewed and approved by the government. Similar requirements apply to artisanal and small-scale 
operators, though small operations are not expected to pay royalties and are charged a lower fee to retain 
a concession. Environmental requirements are also adjusted for small operators, though there are 
limitations on the type of equipment and operations that can be used in small mining operations 
(Legislative Decree No. 1100-2012). 

As an industry that contributes significantly to the economy, formal mining operations also 
provide a significant source of income for the government. First, miners must pay an annual fee to the 
national government to retain their mining concession. This fee varies by the size of the mine, with 
medium and large producers paying US$3.00/ha/yr, small producers paying US$1.00/ha/yr, and artisanal 
miners paying US$0.50/ha/yr. In addition to this fee, miners also pay a modified mining royalty, a special 
mining tax, and corporate income taxes. The modified mining royalty requires mining concession holders 
to pay a 1–12 percent royalty rate on their mining income; the applicable royalty rate is calculated based 
on the operating profit margin. An additional 2.0–8.4 percent of operating profit is paid as part of the 
special mining tax. Finally, mining operations, like all corporations in the country, pay a 30 percent 
corporate income tax rate. Half of the corporate income tax paid by mining operations to the central 
government is remitted back to the regional and local authorities of the area where the mine is located; 
this is termed mining canon or mining royalties. 

Mining contributes significantly to Peru’s total exports, with total mining commodities 
consistently representing more than half of total exports (Figure 2.2). Even with decreasing world prices 
for mining commodities, mining contributed 51.9 percent of total exports in 2014. Gold represented 33 
percent of mining exports in 2014, or 17 percent of total exports. It is unclear what amount of gold 
exports are produced illegally or how much additional illegal gold production leaves the country without 
being registered. Some illegally mined gold is exported out of Peru through forged paperwork that makes 
the gold appear as though it were produced legally. It is estimated that between 2003 and 2013, Peru 
exported 211.8 tons of gold produced illegally (Torres Cuzcano, 2014). 
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Figure 2.2 Total exports in Peru (millions of US$) 

  
Source:  Authors based on Central Reserve Bank of Peru (2015). 

The significance of jobs provided by the mining sector varies by department. When including 
those earning income via informal mining, it is clear that mining provides an important source of 
employment in Pasco and Madre de Dios, two departments of Peru with significant artisanal mining. In 
Madre de Dios, mining employs 5.5 percent of the economically active population (EAP), as shown in 
Figure 2.3. 

Figure 2.3 Mining jobs by department (percentage of economically active population) 

 
Source:  National Society of Mining, Petroleum, and Energy (2012). 
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The data on jobs generated by informal or illegal mining are inherently based on estimates. The 
labor-intensive nature of small-scale and artisanal mining means that it employs significantly more 
workers than large-scale operations, which rely more on machinery. By 2015, approximately 100,000 
people were estimated to be directly involved in illegal mining in Peru, though some estimates reach 
quintuple that amount.2 The Ministry of Environment estimates that approximately 30,000 illegal and 
informal miners were operating in Madre de Dios in 2011 (Álvarez et al. 2011). All estimates of 
employment in the informal mining economy face problems defining not only whether workers are 
seasonal or permanent but also how much illegal mining contributes to total income when it is combined 
with other activities, such as agriculture. In addition, a significant number of women and children who 
work in artisanal mining are not accounted for in government estimates of illegal and informal miners. 

Illegal Mining in Peru and Formalization Efforts 
Illegal mining is a phenomenon present in almost all departments of Peru, with the level of activity 
varying by region. Even today, there is no clear, comprehensive survey of illegal mining and its 
nationwide scope. It is extremely difficult to conduct a comprehensive inventory of illegal or informal 
mining precisely because of the unofficial nature of this activity; any attempts to do so have failed. Of all 
artisanal and small mining in Peru, gold mining is the most common. Approximately 85 percent of 
Peruvian artisanal miners engage in the extraction of this mineral (Medina, Arévalo, and Quea 2007). 
Peru is a country rich in gold reserves, and high gold prices have attracted miners to gold mining. In 
addition, gold is a mineral for which initial investment levels are quite low compared with other small 
mineral operations; given its size and value, gold is also easier to transport and sell than other minerals.  

Because these operations are illegal or informal and do not comply with any environmental 
regulations or have any environmental instruction, impacts on the environment are significant. 
Formalization, including education and environmental planning, could help decrease environmental 
impacts, improve the station of miners, and increase state revenue through the collection of royalties and 
taxes. The Ministry of Energy and Mines (2011) estimates that if 50 percent of the estimated production 
of artisanal mining is informal/illegal, then formalizing these operations could increase tax income by 
US$593 million annually. Unfortunately, efforts to formalize the sector and prevent further expansion 
have failed due to the lack of a clear formalization process and insufficient resources to support 
uneducated miners in navigating such a process.  

Peru took a first step to formalize small-scale mining by recognizing small mining in 2002 with 
Law No. 27,651. This law established requirements for small miners to become formal, legal operations, 
based on the size classifications presented in Table 2.1. As with all mining operations, the first step for 
small operators to legally exploit a mineral resource is to apply for a mining concession and obtain 
environmental certification. 

Table 2.3 Quantity of mining concession holders by size stratum 

Stratum 
Year 

1999 2005 2008 2009 2010 2011 2012 2013 
Artisanal mining 5,229 5,239 8,062 8,914 9,976 11,495 11,354 12,366 
Small-scale mining 916 616 1,492 1,605 1,804 802 3,137 2,623 
Large- and medium-scale mining 127 577 667 715 705 1,983 1,194 1,071 
Total 6,272 6,432 10,221 11,234 12,485 14,280 15,685 16,060 

Source:  Authors based Heck and Tranca (2014). 
  

                                                      
2 The National Society of Small-Scale Mining (Sonamipe) estimates that there are more than 500,000 informal miners in 

Peru (http://gestion.pe/mercados/mineria-informal-reto-saneamiento-2090060). 

http://gestion.pe/mercados/mineria-informal-reto-saneamiento-2090060
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Whereas Table 2.3 shows that 14,989 mining concessions had been granted to small and artisanal 
miners by 2013, a significantly larger number actually initiated the process. By 2014, 69,083 miners had 
submitted a preliminary commitment statement, the first step toward receiving a mining concession. With 
such a sizable gap between miners initiating and completing the process, additional support from the 
government to assist miners may be needed. With 100,000 people commonly estimated to be working 
directly in small and artisanal operations, there are likely even more miners who need to formalize than 
the number of commitment statements received.3  

Historically, the Geological Mining and Metallurgical Institute of Peru, an entity of the Ministry 
of Energy and Mines, has been responsible for granting mining concessions. However, in recent years 
there has been a movement toward decentralization, giving greater authority to regional governments in 
granting these concessions. Although regional governments are certainly more local, they also have fewer 
resources to manage the workload of processing mining concessions and working with small miners. 
There is also some speculation that regional governments may be more prone to corruption.  

Despite being illegal operations, some illegal miners have operated for decades, developing 
enough capital to be able to purchase equipment and mechanize their mining processes. This 
mechanization allows for greater land disturbance and increased gold production. For example, in Madre 
de Dios, the use of suction dredge operations to extract sediment for processing is common. This 
mechanized increase in production often means that these operations should no longer be considered 
small or artisanal, but rather medium-scale mining. 

The proportions of artisanal, small-scale, or mechanized medium-scale operations that are illegal 
vary by region in Peru. La Libertad, Pasco, Moquehua, and Madre de Dios all have significant illegal gold 
mining. According to a 2007 survey, approximately 69.5 percent of operations in La Libertad are 
informal; 80.3 percent in Pasco; and an estimated 51.8 percent in Moquegua (Torero et al. 2010). In 
Madre de Dios, 99 percent of mining activities are informal or illegal. Much of this mining is commonly 
referred to as small scale, when, in fact, the mechanized illegal operations in this area are likely medium 
scale, as mentioned earlier. According to government estimates, in early 2011, about 250 mechanized 
dredges were operating illegally in Madre de Dios, and these operations may have medium-scale levels of 
production.  

Because of the expansive scope of informal gold mining in Peru, there are no accurate data on the 
level of production of the artisanal gold mining sector. In 2002, the Ministry of Energy and Mines 
abandoned its attempts to estimate annual gold production of artisanal mining. However, Medina (2014) 
estimated that artisanal miners produced approximately 32 tons of gold in 2011 (Table 2.4). Gold mining 
in the departments of Madre de Dios and Puno is most significant, with these regions together accounting 
for almost 50 percent of artisanal gold production in the country. 

In Madre de Dios, Puno, Arequipa, Ica, and La Libertad, artisanal gold mining has become the 
main economic activity, displacing other activities such as agriculture or grazing. What in many cases 
started as a secondary activity to supplement other income sources has become a permanent, primary 
economic activity. Despite the higher income provided by illegal mining, this type of activity typically 
does not allow miners to move beyond a subsistence lifestyle. By working in an illegal industry, the 
miners themselves are also vulnerable to exploitation at all stages of production, including being 
subjected to poor working conditions and long hours, charged prices above market rates for inputs, and 
paid less than market value for the minerals they produce.  

 

                                                      
3 An analysis of the information received in these commitment statements showed that many small and artisanal mining 

operations in La Libertad, Pasco, and Moquegua were operating on the concession of another party. In this circumstance, controls 
on small mining operations must be incorporated into exploitation contracts, which formalize the relationship between the 
concession holder and the small miners that operate there (Torero et al. 2010). 
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Table 2.4 Size and production of artisanal gold mining, 2011 

Region 

Total number of artisanal  
miners artisanal 

Annual  
production 

Quantity Share Kg. Share 
Ancash 850 0.85% 200 0.62% 
Apurimac 3,000 2.99% 696 2.17% 
Arequipa 12,000 11.98% 2,610 8.15% 
Ayacucho 4,600 4.59% 1,392 4.34% 
Cajamarca 3,500 3.49% 1,044 3.26% 
Cusco 3,000 2.99% 696 2.17% 
Ica 3,800 3.79% 1,044 3.26% 
La Libertad 7,000 6.99% 2,377 7.42% 
Lima 4,500 4.49% 1,566 4.89% 
Madre de Dios 22,000 21.96% 8,000 24.97% 
Moquegua 500 0.50% 139 0.43% 
Pasco 2,500 2.50% 696 2.17% 
Piura 7,000 6.99% 2,297 7.17% 
Puno 21,500 21.46% 7,980 24.90% 
Selva Norte 2,200 2.20% 626 1.95% 
Selva Central 1,800 1.80% 522 1.63% 
Tacna 450 0.45% 157 0.49% 
Total 100,200 100.00% 32,042 100.00% 

Source:  Medina (2014). 

When working to extract minerals, miners are often manipulated by concession holders or their 
representatives, with practices varying by region. For example, in Madre de Dios, the most common 
system is the “hook,” by which the contractor retains miners’ documents while they work. In Puno, 
miners commonly work for 25 days without pay and, in exchange, are given two or three days of free 
access to the mining concession; any gold they collect in those few days represents their income. Miners 
in Puno also sell their gold to quimbaleteros4 in exchange for mining inputs or water, a scarce commodity 
in these villages. Of course, these exchanges are made at a disadvantage to the miner. 

Torero et al. (2008) estimated gross and net income of illegal gold miners in the regions of La 
Libertad, Moquegua, and Pasco. To do so, they examined data on the purchase price of a gram of gold in 
each region, revealing that the purchase price per gram varied by region. Illegal miners in La Libertad 
received, on average, 59 Soles (S/.) per gram of gold, which is closest to the market price of S/. 63 per 
gram. Miners of La Libertad received S/. 10 per gram more than miners in Moquegua and Pasco, 
revealing that miners in the latter two regions received significantly less than market prices. This research 
suggests that it is not uncommon for illegal miners to receive less than market value, which is likely the 
case throughout Peru. 

                                                      
4 It is the denomination for those who use the quimbalete. “A quimbalete is a type of huge mortar in which the mineral is 

milled, using water, to a fine sand that then is mixed with mercury in order to recover the gold” (McMahon et al. 1999). 
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3.  GOLD OPERATIONS IN MADRE DE DIOS  

The official data indicate that, in recent years, Madre de Dios represents between 5.7 and 11.6 percent of 
national gold production (Table 3.1). In 2014, Madre de Dios was the fifth largest gold-producing 
department in Peru and is one of the most significant regions for artisanal gold mining, accounting for 
approximately 25 percent of artisanal gold production. It is likely that Madre de Dios’s significance in 
artisanal production is because much of the illegal mining there is highly mechanized. Artisanal miners in 
Madre de Dios produce approximately 42.3 ounces of gold per miner per year. 

Table 3.1 Total gold production by department (thousands of fine ounces) 

Region 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 
La Libertad 1,155 1,798 1,735 1,838 1,694 1,545 1,509 1,681 1,532 1,485 
Cajamarca 3,318 2,614 1,567 1,844 2,202 1,661 1,641 1,776 1,464 1,417 
Arequipa 595 536 567 519 546 562 728 531 443 449 
Ayacucho 1 71 98 139 151 173 204 211 324 323 
Madre de Dios 525 511 529 540 558 614 559 390 519 258 
Puno 4 26 70 106 107 90 108 125 158 161 
Moquegua 211 190 170 153 176 213 192 183 163 114 
Tacna 4 3 2 2 3 3 3 2 120 108 
Cusco 33 40 39 37 38 76 158 81 119 81 
Pasco 51 60 50 68 69 45 48 35 29 33 
Junin 0 0 0 50 34 33 25 27 25 24 
Ancash 630 512 522 404 276 198 97 113 97 18 
Lima 13 16 17 22 19 18 38 16 16 16 
Ica 0 0 0 0 0 0 0 0 7 8 
Huancavelica 103 109 77 50 39 44 34 15 7 4 
Total 6,688 6,522 5,473 5,784 5,915 5,275 5,344 5,186 5,024 4,500 

Source:  Authors, based on Ministry of Energy and Mines (2015). 
Note:  Almost all production in Madre de Dios is made by illegal mining. 

In Madre de Dios, generally all gold mining is from alluvial deposits, which often occur along 
current or historic streambeds where gold material is present in small quantities. The fine flakes are 
refined to form concentrated gold material. Gold operators in the basin of the Madre de Dios River are 
predominantly found along the main channel of Madre de Dios and the basins of the Inambari, Colorado, 
Tambopata, and Malinowski Rivers—all of which exploit the thick sand’s alluvial deposits (Brack et al. 
2011). Mining operations in the foothills, such as those along the Caychive and Huaypethue Rivers, focus 
on beach coarse alluvial deposits, while those in large tributaries in lowlands, such as along the main 
branch of the Madre de Dios River, are exploiting the bottom of the river and the alluvial floodplain 
(Kuramoto 2001). The mining activity zones and levels of production of each zone are shown in Figure 
3.1 and 3.2, respectively. 
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Figure 3.1 Mining activity zones in Madre de Dios 

 
Source:  Damonte (2015). 

Figure 3.2 Contribution to Madre de Dios gold production by watershed 

 
Source:  National Society of Mining, Petroleum, and Energy (2012). 

To exploit alluvial deposits, sand containing fine flakes of gold is collected, washed, and 
processed via amalgamation. The technologies employed to gather sediments for processing range from 
rudimentary manual methods to semi-mechanical and mechanical operations using front-end loaders, 
dump trucks, floating suction pumps, and hydraulic dredges. In Madre de Dios, where illegal mining has 
continued for many years, mechanical equipment is more common because some miners have been 
operating long enough to gather the capital needed to purchase machinery. Of course, with greater 
mechanization comes increased ability to disturb larger areas of land and to affect larger volumes of 
material. Currently, in Madre de Dios, the majority of gold (about 70 percent) is produced by operations 
using a front loader. With this method, extracting 1 gram of gold moves at least 6.68 m3 of soil (Mosquera 
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et al. 2009). Between 1995 and 2007, approximately 116.57 tons of gold were extracted from Madre de 
Dios, suggesting movement of 778,687,600 m3 of earth without any reclamation or restoration.  

Gold must be separated from the other materials in the collected sediments. To do this, miners 
commonly use a gravity wash system with screens located at the top and grooved carpet placed on 
wooden platforms where the gold-containing sand is deposited. This washing is a water-intensive process; 
as greater volumes of gold are collected for processing, more water is needed. When there are low flows 
in rivers and streams, this demand for water can affect the water supply, particularly in foothill areas. 

After sand has been washed, gold is extracted via amalgamation. To amalgamate the gold, 
washed sands are deposited into containers to be mixed with mercury. When mercury is combined with 
this gold-containing slurry, the gold particles combine. Miners often mix the mercury and slurry with 
their feet, an unsound practice (in areas with higher production, a drum rotator is used). Generally, two 
parts of mercury are needed per each part of gold; in practice, however, miners add additional mercury, as 
they believe this ensures that all gold is recovered. 

After amalgamation, the gold material is burned to remove the remaining mercury. After burning, 
the product is known as “burnt gold,” which still has impurities and may contain between 5 and 15 
percent mercury. Artisanal miners sell this “burnt” product at local stores, where the price is based solely 
on the material’s physical appearance, without chemical analysis of any kind. 

The process of mercury amalgamation is a simple technique that requires low initial investment. 
However, mercury is a powerful neurotoxin and must be handled carefully, which is not the current 
practice among artisanal miners. Mercury is released into the environment through improper disposal of 
the slurry that remains after gold has been amalgamated. Mercury is also released into the air when the 
amalgamated mercury-containing gold is burned to form burnt gold. When burning is done in open air, 
between 85 and 95 percent of the mercury is vaporized and released into the air, while the remainder 
remains in the gold until further processing. Retorts that decrease the amount of vaporized mercury 
released into the environment can be used, though many miners are skeptical of them (Brooks et al. 
2007). 

The predominant use of mercury by artisanal miners is also confirmed by examining data on gold 
production and Peruvian mercury imports. Throughout the 2000s, as artisanal mining has grown, driven 
by rising gold prices, mercury imports in Peru have also grown, reaching a peak of 5,225 flasks of 
mercury being imported in 2009 (Figure 3.3).  

Figure 3.3 Peruvian gold production and mercury imports 

 
Source:  Authors based on UN Comtrade (2016). 
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Changes in international markets for mercury have also affected worldwide supply and demand, 
including mercury prices. Recognizing the neurotoxic power of mercury, Organization for Economic Co-
operation and Development (OECD) countries have had decreasing demand for mercury over the past 20 
years as its use has been phased out of processes and products and as manufacturing operations that may 
use mercury, such as batteries, lightbulbs, and so on, have relocated to developing nations (Maxson 
2006). In addition to decreasing demand, some developed counties have taken steps to limit the supply of 
mercury in international markets. Mercury exports from the United States have been banned since 
January 1, 2013 (Public Law 110-414). The European Union has banned the export of elemental mercury 
since March 15, 2011 (Regulation 1102/2008 2008). These export bans likely have contributed to rising 
mercury prices throughout the 2000s, and in recent years mercury prices have begun to approach peak 
prices, last seen in the 1960s (European Commission 2004).  

Efforts to Formalize Mining in Madre de Dios 
In Madre de Dios, illegal and informal mining is a constant, encompassing 99 percent of the region’s 
mining activity. The government of Peru has attempted to formalize artisanal mining in the region, 
particularly in the district of Huepetuhe. This is one of the oldest mining centers in Madre de Dios, 
producing around 60 percent of artisanal gold production in the region and contributing significantly to 
environmental pollution.  

In 2010, with growing concern for gold mining activities in Madre de Dios, Peru issued 
Emergency Decree No. 012-2010, which declared it in the national interest to formalize mining 
operations in Madre de Dios. This emergency decree established six actions: the suspension of new 
mining claims in the region, establishment of mining exclusion zones, prohibition of the use of dredges 
and similar devices on rivers, strengthening the process for formalization, recovery of degraded areas, and 
support to the regional government of Madre de Dios. 

In an effort to incentivize formalization, the government of Peru issued Legislative Decree No. 
1105-2012, reiterating the process for formalization outlined in Law No. 27,651. It also established a 
grace period until April 2014 for current illegal operations to formalize. However, the process for 
formalization in the region remains highly complex and moves slowly.  

Limited success has been achieved in implementing Law No. 27,651. As of 2016, there were 
1,514 registered mining rights, but this is most likely an insufficient number of rights for the estimated 
22,000 artisanal miners in Madre de Dios.5 As Table 3.2 shows, there has been a decline in mining rights 
in recent years. Some of this trend can be explained by the decrease in gold prices, though it is also 
possible that government efforts to decentralize the formalization process have left the regional 
government overwhelmed (Ávila and Baca, 2014). 

Table 3.2 Existing mining rights in Madre de Dios 

Description 2010 2011 2012 2013 2014 2015 2016* 

Mining rights in force 2,309 2,807 2,662 2,360 1,884 1,535 1,514 

Total hectares No data 742,193 701,582 611,704 462,948 352,300 346,421 
Source:  Authors based on Instituto Geológico, Minero y Metelúrgico (INGEMMET 2016). 
Note:  * Through March 31, 2016. 
  

                                                      
5 The state awards mining rights to miners that are operating on concessions held by another party. Via the mining right, the 

government approves the operation and the procedures to be used by the miner. There may be more than one mining right per 
concession (Presidency of Council of Ministers, May 23, 2016, http://www.midis.gob.pe/index.php/es/.../5143-decreto-supremo-
n-034-2016-pcm). 

http://www.midis.gob.pe/index.php/es/.../5143-decreto-supremo-n-034-2016-pcm
http://www.midis.gob.pe/index.php/es/.../5143-decreto-supremo-n-034-2016-pcm
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As is clear from these estimates, only a few entities comply with Peruvian laws outlining 
environmental and social responsibilities. While some progress has been made in entities registering 
mining rights, environmental regulations continue to be ignored. In most cases, simply applying for 
mining rights is often perceived as sufficient for a miner to move to the operational phase, without any 
environmental review. In Madre de Dios, there is also the added complication that 91 percent of the land 
is not zoned for mining; thus, all of the operations in these areas cannot become legal.  
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4.  THE ECONOMY IN MADRE DE DIOS AND THE IMPORTANCE OF  
MINING ACTIVITY 

As Table 4.1 illustrates, the importance of mining to the economy of Madre de Dios is clear. In 2014, 
more than half of the region’s economy was generated by extractive activities, including gold mining. 
Madre de Dios is largely rural, covered in lush vegetation. Nearly half of the region’s land has been 
designated as ecological reserves, including the Natural Reserves of Manu and Tambopata.  

Table 4.1 Madre de Dios gross domestic product by sector, 2014 

Sector Share % 

Agriculture and forestry 5.4 

Extraction of oil, gas and minerals 53.0 

Manufacturing 6.5 

Construction 4.1 

Public administration 2.9 

Others1 28.1 
Source:  INEI (2015a). 
Note:  1Includes fishing, electricity, gas and water, trade, transport, mail, transportation, storage, hotels, restaurants, and 

telecommunications. 

Madre de Dios is the least populous department of Peru; in the last census in 2007, it had 112,814 
inhabitants, with 72 percent of this population living in the province of Tambopata. However, population 
in Madre de Dios has been growing 3.4 percent annually since 1993, an increase largely driven by 
immigration; migrants make up nearly half of the department’s total population. Migrants mainly come 
from the high Andean zones of Cuzco and Puno. In 2007, 73.3 percent of the population of Madre de 
Dios lived in rural areas, because much of the population is engaged in artisanal mining and lives in small 
mining towns not large enough to be considered urban. 

Because gold mining in Madre de Dios is illegal, these operations do not contribute to the 
regional government. In 2014, the region received only S/. 789,100 in mining canon, which represents 
0.03 percent of the national transfers of mining canon. Yet, the gold extracted in the region is estimated to 
account for around 10 percent of national production.  

Regardless, mining continues to represent an important income source for informal miners, 
including members of the area’s native community in the area. Without formalization, poor 
environmental practices will continue, jeopardizing the region’s future. With renewed government efforts 
to stop illegal mining, it is necessary to consider other economic opportunities in the region that could 
provide income for those currently dependent on illegal mining. 

Agriculture as an Alternative to Illegal Mining in Madre de Dios 
Madre de Dios is a rural region with limited education, economic opportunities, and infrastructure; thus, 
any development plans for the region must account for these realities. Agriculture is an existing sector of 
the economy, currently employing about 17.1 percent of the region’s EAP but only contributing 5.4 
percent of the GDP.  

Current production is primarily for local consumption, with poor agricultural management. 
Cultivation is done manually, and the use of machinery, as well as the use of improved seeds, fertilizers, 
and pest control, is rare. Weed control through burning and the use of rudimentary tilling practices also 
affect soil productivity. As a result of these practices, land is only in cultivation for a few years before 
being abandoned.  
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In 2013, the principal agricultural commodities produced in Madre de Dios were bacharia grass, 
banana, corn, papaya, cocoa, and coffee. Table 4.2 presents data on productivity of the main crops in 
Madre de Dios and provides estimates of income per hectare based on countrywide producer price data. It 
is interesting to note that the crops with the highest producer price per ton currently have the lowest 
productivity in Madre de Dios.   

Table 4.2 Agricultural production in Madre de Dios, 2013 

Commodity 
Production 

(tons) 
Producer price 

(US$/ton) 
Productivity 

(tons/ha) 
Income  
(US$/ha) 

Banana  17,974  $181.58  13.773 $2,501.0  
Cocoa  95  $1,852.87  0.610 $1,129.5  
Coffee  16  $1,812.10  0.569 $1,030.7  
Corn  12,791  $585.51  2.612 $1,529.6  
Rice  5,804  $322.40  2.040 $657.8  
Cassava  10,110  $192.70  14.436 $2,781.8  

Sources:  Production Ministry of Agriculture and Irrigation (2015); FAO (2016). 

A comparison of data on the productivity of the primary crops in Madre de Dios with the 
productivity of those crops in the rest of Peru and in neighboring countries reveals that crop productivity 
in Madre de Dios is lower than the nationwide productivity in Peru. It is also often lower than that in 
neighboring countries, as illustrated in Table 4.3.  

Table 4.3 Agricultural productivity by commodity, 2013 (ton/ha) 
Commodity Banana Cocoa Coffee Corn Rice Cassava 

Region       
Madre de Dios 13.77 0.61 0.57 2.61 2.04 14.44 
Peru 33.96 0.73 0.64 3.28 7.71 12.03 
Bolivia 9.43 0.56 0.94 2.61 2.50 8.20 
Brazil 14.21 0.37 1.42 5.25 5.01 14.08 

Source:  Ministry of Agriculture and Irrigation (2015); FAO (2016). 

A recent International Food Policy Research Institute (IFPRI) analysis examined all of Peru and 
classified different regions of the country based on how efficiently households are using their agricultural 
resources and the potential income level they could reach if these resources were used at peak efficiency 
(IFPRI 2015). The typology of microregions designed by IFPRI takes into account the heterogeneity of 
households in the regions in different dimensions: (1) the quantity and quality of household assets in the 
region, (2) available technologies, (3) transaction costs in markets for inputs and outputs, (4) credit 
restrictions and other financial markets, (5) access to public goods and services, and (6) local biophysical 
and ecological conditions. Considering these factors, the analysis identifies a production potential for 
each region, which is compared to current production. The greater the difference between the potential 
and current performance, the more efficient investment is in the agricultural sector. 

Figure 4.1 shows the Puno region. As shown in Figure 4.2, agricultural potential is high near the 
productive valleys of the coast (La Libertad, Lima, Ica, Arequipa, and Tacna), the center of the country 
(Junín), and certain areas of the high forest (San Martin and Madre de Dios). The identified agricultural 
potential determines the maximum amount of income that agriculture can generate for households in a 
region; the efficiency levels (Figure 4.3) indicate how much of this potential has been achieved. In Figure 
4.3 red represents areas that are already operating at highly efficient levels and achieving their agricultural 
potential. Madre de Dios is green in Figure 4.3, indicating a large gap between the region’s agricultural 
potential and its current production.  
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Source:  IFPRI (2015). 

Of course, a region’s agricultural potential will only translate into higher incomes for rural 
households if there is access to markets where produced commodities can be sold at market prices. Madre 
de Dios has historically had poor levels of accessibility, though the recent completion of the southern arm 
of the Interoceanic Highway has resulted in significant improvements. Figure 4.4 shows the region’s 
accessibility, with the green region in eastern Madre de Dios overlapping with the highway. Prior to the 
completion of the highway, it could take weeks to travel from Cusco to Puerto Maldonado, a population 
center in Madre de Dios. On the highway, this trip is estimated to take 10 hours. This improvement in 
infrastructure significantly reduces the time and cost associated with transporting commodities to market.  

However, an expansion of agriculture must also be pursued in a planned manner to prevent further 
deforestation and ecological damage. A recent geographic information service (GIS) analysis determined 
that deforesting new areas for agriculture further from the Interoceanic Highway results in negative net 
present values and thus should not be pursued (Centro de Sensoriamento Remoto, n.d.). 

 

Figure 4.1 Madre de Dios Figure 4.2 Agricultural 
potential in Peru 

Figure 4.3 Agricultural 
efficiency in Peru 
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Figure 4.4 Accessibility in Madre de Dios 

 
Source:  IFPRI (2015). 
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5.  IMPACT OF ARTISANAL GOLD MINING ON THE ENVIRONMENT IN  
MADRE DE DIOS 

Although individual artisanal mines are often small operations, small and artisanal gold miners 
collectively have a significant impact on the environment. Artisanal mining operations deforest land and 
disturb sediments as miners gather gold-containing material for processing. Washing sediments for 
processing is water intensive and releases mercury and other contaminants into the air and waterways. 
These negative impacts are of greater destructive intensity than the expansion of agriculture or logging, 
two of the more frequent threats in the Amazon. 

Exposure to mercury is one of the most pressing environmental and human health concerns 
associated with illegal mining. Miners release mercury through spills, improper disposal of mercury-
contaminated slurry created during amalgamation, and vaporization during the burning of amalgamated 
gold. Inhalation of and dermal exposure to elemental mercury can have acute and chronic effects. Acute 
symptoms are most commonly associated with inhalation and can affect the respiratory, gastrointestinal, 
and central nervous systems with such symptoms as headache, weakness, and visual impacts. Chronic 
exposure, as would be experienced by miners who regularly process gold with elemental mercury, can 
cause permanent damage to the nervous system and kidneys.  

Miners vaporize elemental mercury when they burn amalgamated gold; it travels through the 
atmosphere and is then deposited into lakes and streams. Mercury is also naturally present in the soils of 
the Amazon plain. As the landscape is disturbed by mining operations, the mercury once bound up in the 
soil can be released, increasing the supply of mercury in waterways. Once this elemental mercury is 
released into waters, in anaerobic (oxygen-deficient) conditions it can be transformed into methyl 
mercury, the most toxic form of mercury. Methyl mercury bioaccumulates and enters the food chain, 
putting the surrounding community at risk of exposure from consumption of contaminated fish. Low 
levels of mercury poisoning can affect motor skills and lead to dulled senses of touch, taste, and sight. In 
more serious cases, mercury toxicity can lead to permanent brain damage by deteriorating the central 
nervous system. Unborn babies are particularly susceptible to ill effects from mercury exposure. 

In the past two decades, gold mining activities have increased considerably in the Madre de Dios 
river basin, particularly in the basins of the Inambari and Colorado Rivers. Juarez Camargo (2014) 
estimated that artisanal miners release about 2.8 kg of mercury per kilogram of gold mined. Based on 
estimates of gold production in Madre de Dios (16,000–18,000 kg of gold per year), this would 
correspond to an annual release of approximately 50,400 kg of mercury. This significant release of 
mercury into the environment raises questions regarding the level of contamination that has already 
occurred and whether there have already been impacts on human health.  

In May 2016, data on the mercury levels found in the hair of people living in Madre de Dios led 
the government to declare a 60-day state of emergency in 11 districts of Madre de Dios (INDECI, 2016).  
The Supreme Decree No. 034-2016 requires that, “for mercury contamination as a result of illegal mining, 
the national government will execute immediate and necessary response actions and rehabilitation to 
reduce the harmful effects caused by this situation.” The actions include banning the consumption of 
some fish, developing individualized screening for unsafe mercury levels, distributing safe food, and 
expanding and strengthening social programs in the region. 

This emergency decree followed Complementary Report No. 401 from the National Institute of 
Civil Defense of Peru (INDECI), which, in 2016, found that 41 percent of the people sampled in the 
Madre de Dios basin had hair concentration levels of total mercury exceeding 2 parts per million (ppm). 
These findings are consistent with other recent studies of mercury levels in hair in the area, which found 
hair concentrations of total mercury ranging from 1.96 ppm to 2.70 ppm, with women of childbearing age 
having the highest average level of 3.0 ppm (Ashe 2012; CAMEP 2012). These levels of mercury are 
significantly above the 1-ppm benchmark limit established by the US Environmental Protection Agency 
(U.S. EPA 2001). 
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The government of Peru has also documented elevated mercury levels in the region’s fish species. 
The National Fish Health Agency (Organismo Nacional de Sanidad Pesquera, or SANIPES) issued a 
report documenting evidence from two sampling points in the Iñapari River in Madre de Dios. The mota 
punteada fish species (Calophysus macropterus) in the river had mercury levels exceeding 0.5 ppm 
(National Fish Health Agency 2016), which is above the reference level of 0.3 ppm established by the 
EPA. Peru has banned the marketing of such fish in the region. These findings are again consistent with 
other studies in the region. For example, the Carnegie Amazon Mercury Ecosystem Project (CAMEP 
2012) gathered data on the fish species consumed in Puerto Maldonado and found that 9 of the 15 most 
consumed fish species had mercury levels above the EPA’s 0.3-ppm benchmark (Figure 5.2). Because 
mercury bioaccumulates, it is not surprising to find that carnivorous species of fish exhibit higher mercury 
levels, while smaller fish and herbivorous fish species have lower concentrations.  

Figure 5.1 Average mercury levels in fish from Puerto Maldonado, Madre de Dios (total Hg, ppm) 

 
Source:  CAMEP (2012). 

Notes:  Hg, ppm = mercury, parts per million.  

In addition to mercury released into the environment, accidental releases of other contaminants 
contribute to water pollution; the most significant of these is diesel fuel. The estimates indicate that 50 
tanks of diesel fuel are brought daily to informal mining areas; on a daily basis, 175,000 gallons of diesel 
and gasoline are used, with approximately 1,500 liters of oil spilled daily (World Wildlife Foundation and 
Macroconsult, 2013). Over the course of a year, this would translate to 547,500 gallons of diesel gasoline 
released into the environment. In Madre de Dios, significant mechanization in the mining sector has led to 
widespread use of diesel fuel; accordingly, waterways of the region are susceptible to significant 
accidental release of fuel.  

Widespread mechanization has also resulted in significant deforestation. In 2000, it was estimated 
that 195,308 ha of Madre de Dios had been deforested (Table 5.1). By 2010, this estimate had grown to 
302,154 ha of deforestation (Recavarren 2011).  

http://www.sanipes.gob.pe/
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Table 5.1 Deforested area in Madre de Dios 
Year Extension (hectare) 
1990 110,324 
1995 164,454 
2000 195,308 
2005 223,591 
2008 255,089 
2009 283,380 
2010 302,154 

Source: Recavarren (2011). 

This level of deforestation also means that significant habitat has been lost, which some species 
may not survive. Forests also store carbon, and the loss of large acreages of rain forest may contribute to 
global warming. In addition, removing trees and disturbing the soil in an attempt to collect gold cause 
soils to become uncompacted and no longer stabilized by the root structure of trees. As a result, during 
rainfall events, there are higher levels of erosion and sediment released into waterways. In some cases, 
disturbing the soil releases naturally occurring mercury along with the sediment.  

It is difficult to predict future deforestation in the area. Projections have ranged from 767,589 ha 
of deforestation by 2020 (AIDER 2011) to a more conservative estimate of 397,064 ha of deforestation by 
2030 (Recavarren, 2011). This more conservative estimate is more consistent with historical rates of 
deforestation.  

Estimated Remediation Costs 
Illegal mining in Madre de Dios has removed large swaths of the forest, disturbing and contaminating the 
soils and polluting waterways with sediments, mercury, and other chemicals. Although the costs of 
repairing this damage are significant, they are also necessary to restore the environment and protect the 
health of the plant, animal, and human populations that reside in the region. Forest cover and water 
quality are the two main resources affected by artisanal mining and are the most in need of restoration in 
Madre de Dios.  

The World Wildlife Foundation and Macroconsult (2013) estimated the necessary costs to repair 
the damage caused by deforestation and the associated impacts to soils. However, the estimated costs per 
hectare only take into account the costs to replace the forest cover and decontaminate the soils, which is 
not the same as full ecological restoration. Therefore, the costs associated with complete ecological 
restoration may be higher than those estimated here. Considering that the cost of forest remediation totals 
S/. 93,200 per hectare (Table 5.2), it is clear that the extensive forest loss in Madre de Dios will be costly 
to replace.  

Table 5.2 Cost of primary forest remediation per hectare in Madre de Dios 
Cost of remediation by hectare Soles 
Remediation cost of primary forests 3,200 
Remediation cost of soils 90,000 
Total by hectare 93,200 

Source:  World Wildlife Foundation and Macroconsult (2013). 
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The costs to remediate the contaminated and deteriorated water quality in the rivers of Madre de 
Dios are also significant. Needed remediation actions include removing contamination from oil, mercury, 
and other metals. As Table 5.3 shows, recent studies estimate the cost for the remediation of Madre de 
Dios water resources to be more than S/. 3.3 billion (around US$1.2 billion). This contamination is all a 
result of illegal mining activity during the past 10 years (World Wildlife Foundation and Macroconsult 
2013). 

Table 5.3 Cost of remediation of water contamination in river basins of Madre de Dios 
Colorado River 
Basin 

Madre de Dios 
River Basin 

Sum total 
remediation 
cost S/.* 

Remediation 
cost of other 
basins S/.** 

Extrapolated 
remediation 
costs S/.*** 

749,952,000 1,333,248,000 2,083,200,000 1,302,000,000 3,385,200,000 
Source:  Authors based on World Wildlife Fund and Macroconsult (2013).  
Notes:  S/. = Soles. * Sum of remediation costs of Colorado and Madre de Dios Rivers. ** Extrapolation factor = 60 percent of 

the total cost. *** Total cost of remediation in Madre de Dios.  
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6.  METHODOLOGY 

A dynamic computable general equilibrium (CGE) model was used for this research due to its ability to 
link the agricultural and mining sectors with the rest of the economy, while also showing the links 
between Madre de Dios and the rest of Peru. 

The main source of data for the CGE model is the social accounting matrix (SAM). The Peruvian 
SAM used in this research is for 2007 and is disaggregated into 66 sectors (Piñeiro, Espinoza, and 
Montenegro 2015). The factors of production are capital, land and labor disaggregated by activity, sector, 
skill level (skilled and unskilled), sector (formal and informal), and geographic area (rural and urban). 
Family income is broken down by region and urban/rural. The labor market data are from the Household 
National Survey (ENAHO 2007). For the case of household consumption, the data are disaggregated by 
activity and geographic area (rural and urban). Consumption data by sector are taken from the last 
expenditure survey available. 

Components of the Model6 
The regional CGE model used in this part of the research is based on the standard model used by IFPRI 
(Lofgren, Harris, and Robinson 2001), which follows the neoclassical–structuralist tradition originally 
presented by Dervis, Melo, and Robinson (1982). The model is recursive dynamic and is solved in two 
stages. First, the model determines a within-period equilibrium, given parameters and exogenous 
variables. Second, because some parameters and exogenous variables change over time, the model 
contains transition equations that determine how the exogenous variables and parameters relate to past 
solution values for particular endogenous variables or how they are assumed to grow according to trends. 
These transition equations provide values for all exogenous variables and parameters for the next period 
for the static CGE model, which is then updated and solved for a new within-period equilibrium.  

The model is solved forward in a dynamically recursive fashion, with each static solution 
depending only on current and past values of variables and parameters. The model does not assume that 
agents have knowledge of the future. Instead, the behavior of agents is based on historical information 
and adaptive expectations. The variables and parameters used as linkages between periods are aggregate 
capital stock (which is updated endogenously, given previous investment and depreciation), population, 
domestic labor force, working capital supply, factor productivity, export and import prices, export 
demand, tariff rates, and transfers to and from the rest of the world (all of which are modified 
exogenously).  

The model starts on the base year for the data and is then solved recursively year by year for 10 
years until 2025 for a baseline run and the different scenarios analyzed in this paper.  

First Step: The Single-Period Solution 
The CGE model has three components. The first shows the payments that are registered in the SAM, 
following the same disaggregation of factors, activities, commodities, and institutions shown in the SAM. 
The second shows the equations that represent the behavior of the different institutions present. The third 
shows the constraints that have to be satisfied by the whole system covering the factor and goods markets, 
the balances for savings and investment, the government, and the current account of the rest of the world.  

First, each producer maximizes profits under constant returns on scale and perfect competition. 
There are three factors of production: labor (differentiated by skill and region), land (differentiated by 
region), and capital (differentiated by region). Production is related to factor inputs in a constant elasticity 
of substitution (CES) production function, which allows producers to substitute these three inputs until 
they reach the point at which the marginal revenue of each factor equals the factor price (wage or rent). 
                                                      

6 This section is taken from Morley, S., and V. Piñeiro. 2013. A Regional Computable General Equilibrium Model for 
Honduras: Modeling Exogenous Shocks and Policy Alternatives. IFPRI Discussion Paper 1137. Washington, DC: International 
Food Policy Research Institute. 
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The second choice producers make is the amount of intermediate inputs they will use. This specification 
is made assuming fixed shares that specify the appropriate amount of intermediate inputs per unit of 
output and of labor, land, or capital (value-added). Finally, output prices depend on the value-added (cost 
of labor, land, and capital), the intermediate inputs, and any relevant taxes and subsidies. 

Figure 6.1 shows the flow of a single commodity from producers to final demand. First, there is 
the combination of goods from all producers into an aggregate commodity output. This is achieved using 
a CES product demand system with the intention of leaving the option to the buyers as to how much to 
buy of each individual product (maximizing their consumption). The aggregate output is sold 
domestically or internationally. The producers’ allocation between domestic sales and exports is specified 
via a constant elasticity of transformation (CET) function, assuming imperfect transformability between 
exports and domestic sales. The producers will sell their products to the market with the highest 
profitability. The domestic price is the international price times the exchange rate plus any possible export 
taxes or export subsidies. The domestic good is combined with imports to produce the composite 
commodity. For this, the Armington (1969) specification is used, which means that the domestically 
produced and imported goods are imperfect substitutes. 

Figure 6.1 Flow of goods from producers to the national composite commodity 

 
Source:  Authors. 
Notes:  CES = constant elasticity of substitution; CET = constant elasticity of transformation; Gov. = government. 

In this model, there are three institutions (households, government, and the rest of the world) that 
do three things (produce, consume, and accumulate capital). Households save a constant fraction of their 
disposable income and buy consumption goods with the remainder. Household income is the sum of 
salaries, profits, and government and rest-of-the-world transfers. Household consumption of goods and 
services is determined by a linear expenditure system (LES). The government receives taxes, consumes 
goods and services, and makes transfers to households. The capital account collects the savings from the 
households, government, and rest of the world and buys capital goods (investment).  

Households receive factor incomes and per capita transfers from the national government. 
Households save some of their income and use their remaining income to consume goods under an LES 
of demand.  

Factor Markets and Macro Closures  
The macro closure of a model defines the mechanisms that determine how various macro constraints are 
satisfied by the economic system. Three macroeconomic balances need to be specified: (1) the external 
trade balance, which equates the supply and demand for foreign exchange (in flows, given that this model 
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does not have assets or asset markets)7; (2) the fiscal balance, with government savings (or deficit) being 
the difference between government income and expenditures8; and (3) the savings-investment balance.9  

Factor market closure defines the operation of factor markets. Labor is disaggregated by 
qualification (skilled and unskilled), sector (formal and informal), and geographic area (rural and urban). 
Workers can migrate between sectors according to labor demand, but total labor supply grows at the rate 
reported by the World Development Indicators (WDIs). The other feature of our treatment of labor is the 
supply curve for unskilled labor in the formal sector and rural labor in Madre de Dios. For these factors, 
we assume a fixed minimum wage and assume an excess supply of unskilled labor, at least over the range 
of solutions analyzed. In effect, this means that the supply curve of labor is flat or, in other words, that the 
wage is fixed and employment is endogenous. However, because the entire model is a real model—that 
is, it is expressed in terms of the consumer price index numeraire—it means that the wage of unskilled 
labor is fixed in real terms. All other labor categories are assumed to be fully employed, and wages are 
the equilibrating variable.  

Capital is activity specific with returns determined endogenously. For land, we assume it is sector 
specific and there is no increase in its supply.10 

Second Step: Between Periods  
In the second stage, a model between periods is used to create the dynamic linkages that update the 
variables driving growth. The intertemporal equations provide values for all exogenous variables needed 
for the next period by the static CGE model, which is then solved for a new equilibrium. The model is 
solved forward in a dynamically recursive fashion, with each static solution depending only on current 
and past variables. The model does not incorporate future expectations; instead, the behavior of its agents 
is based on adaptive expectations, because the model is solved one period at a time. The variables and 
parameters used as linkages between periods are the aggregate capital stock (which is updated 
endogenously, given previous investment and depreciation), the population, the domestic labor force, 
factor productivity, export and import prices, tariff rates, and transfers to and from the rest of the world 
(all of which are modified exogenously).11  

The allocation of new capital across sectors is done by adjusting the proportion of each sector’s 
share in aggregate investment as a function of the relative profit rate of each sector compared with the 
average profit rate of the economy as a whole. Sectors with higher average profit rates will get higher 
shares of the available investment, and those with lower rates will get lower shares. We assume that the 
labor force grows by the number reported in the WDI, and we add those additional workers to the supply 
of skilled labor or to the surplus of unskilled labor or rural labor (only for Madre de Dios). The growth of 
capital is determined by the amount of investment, net of depreciation. We also update the rate of 
disembodied technical change. As mentioned earlier, growth in the labor force by skill class and unskilled 
for the rest of Peru is exogenous and related to population growth, which in turn is based on population 
growth projections taken from WDI data. For unskilled and rural labor in Madre de Dios, the total size of 
the available labor force does not affect the solution in any period; in the simulations, we assume an 
excess or backlog of unemployed labor that is not absorbed before the end of our simulations.  

The simulations with the model give the growth path for the economy for 10 years under the 
different scenarios designed in this research. These paths are compared with the one obtained using the 
baseline simulation (in which no exogenous policy changes are included).  

                                                      
7 Foreign savings are fixed, leaving the exchange rate to adjust. In our exercise, this means that the economy cannot increase 

foreign debt to pay for the remediation costs or investment and that export earnings are needed to pay for any additional imports. 
8 Government savings will adjust to ensure that government expenditures are equal revenues.  
9 Investment-driven closure; marginal saving propensities are the equilibrating variable, leaving a fixed investment demand. 
10 Land supply is assumed to be fixed to emphasize that no additional deforestation occurs. 
11 The dynamic model used in this research follows the models developed by IFPRI (Lofgren, Harris, and Robinson 2001; 

Thurlow 2004). 
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7.  SIMULATIONS 

The government of Peru has recognized the damage caused by illegal mining in Madre de Dios and the 
need to correct and restore the region’s ecological resources. The first simulation presented here (SIM1) 
shows the impact of implementing Decree 012-2010, which includes a pledge to restore degraded areas in 
Madre de Dios. This restoration work is partially funded by a 0.5 percent tax on all legal mining in Peru. 
For the ecological gains achieved through this decree to be preserved, the families who rely on illegal 
mining for their livelihood need an alternate source of income. The second scenario presented here shows 
the impact of generating another source of income for these families, funded by a 2 percent tax on legal 
mining in Madre de Dios (SIM2). A final scenario presents the results of combining these two scenarios. 

To estimate the cost to implement Decree 012-2010 for SIM1, the ecological restoration costs for 
both the hydrologic and forest resources presented in Section 5 are used. As discussed in Section 5, the 
total cost of remediating the oil, mercury, and other metals contaminating the region’s water resources 
total nearly S/. 3.5 billion. In addition to restoring the condition of the waters, it is also necessary to repair 
the damage to the forest and the soil. An estimated S/. 93,200 per hectare is needed to decontaminate the 
soils and restore the primary forest, as presented in Section 5. To operationalize this into an estimate of 
the total cost to remediate the region’s forest resources, it is necessary to estimate hectares of 
deforestation. For this analysis, we rely on the estimates of deforestation from Recavarren (2011), who 
estimated that 302,154 ha in the region were deforested as of 2010, with an additional 94,910 ha projected 
to be deforested by 2030. This translates to an estimated rate of deforestation of 4,745 ha/yr. 

It was assumed that this rate of deforestation would continue into 2025, the final year included in 
this analysis. Ideally this will represent a worst-case scenario; the hope is that deforestation will slow as 
policies to direct illegal miners into other economic activities are successful. Assuming 4,745 ha of 
deforestation per year from 2010 to 2025, this translates to an additional 71,175 ha of deforestation. Using 
the estimated cost of restoration per hectare and a total estimate of 373,329 ha of deforested land, the total 
estimated cost of forest remediation is S/. 35.8 billion.  

The cost of water remediation in the region is estimated to total S/. 3.4 billion, as presented in 
Section 5. Combined, the cost of forest remediation and water decontamination totals nearly S/. 38 
billion, or S/. 3.8 billion per year for the next 10 years. To help pay for this significant cost, in SIM1 the 
government of Peru implements a 0.5 percent tax on legal mining throughout the country.  

To preserve the ecological restoration work done in the region while also preserving the income 
of miners, it is necessary to identify an alternate livelihood for those who currently rely on small mining. 
The second simulation presented here shows the value of generating another source of income for these 
families. As outlined in Section 4, the agriculture sector in Madre de Dios is performing below its 
potential. In addition, with the completion of the southern Interoceanic Highway, the costs associated 
with transporting goods to market are significantly reduced. 

Recognizing this change in accessibility and the possibilities for the agriculture sector, SIM2 
models a 20 percent increase in agricultural productivity in Madre de Dios. To help the region achieve its 
agricultural potential, a 2 percent tax on mining in Madre de Dios is implemented, with the proceeds 
invested in agriculture.  

Additional investment in agriculture in Madre de Dios is thought to be an effective tool to help 
improve operations in the region, as investment in Peru’s agricultural sector is less than in other Latin 
American countries. Total spending in the agriculture sector in Peru totaled 3 percent of agricultural GDP 
in 2010, as compared to 4.5 percent in Colombia and 11 percent in Brazil (Table 7.1). (IFPRI 2015b).  
Examining funding specific to research and development, Peru invests 0.3 percent of agriculture GDP in 
research and development, as compared to 1.3 percent in Brazil. Although these figures represent public 
spending only, OECD countries typically invest around 3 percent of agricultural GDP in research and 
development, though this is comprised of both public and private funds (IFPRI 2016).  The additional 
investment in agriculture in Madre de Dios will result from the investment fund created in SIM2. 
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Table 7.1 Agricultural spending (percentage of agricultural GDP) 

Country 
Total  

spending 
Research and 
development 

Brazil 10.95 2.1 
Colombia 4.55 0.5 
Peru 3.11 0.4 

Source:  SPEED. IFPRI (2015). 
Notes:  GDP = gross domestic product 

The last scenario presented (SIM3) combines both SIM1 and SIM2, with a 0.5 percent tax levied 
against mining operations across the entire country, while in Madre de Dios the mining sector pays a 2.5 
percent tax (the 0.5 percent nationwide tax and 2 percent regional tax in Madre de Dios introduced in 
SIM2). The government disburses funds to implement restoration across Madre de Dios; it also invests in 
the agriculture sector in Madre de Dios, which, combined with the completion of the southern arm of the 
Interoceanic Highway, results in a 20 percent increase in agricultural productivity.  

Table 7.2 Summary of simulations analyzed 
Simulation Description 
SIM1 US$3.8 million in government spending per year for 2015–2025 for ecological restoration in Madre 

de Dios; 0.5 percent nationwide mining tax 

SIM2 20 percent gain in agricultural productivity in Madre de Dios; 2 percent tax on mining in Madre de 
Dios used to create an investment fund for the agriculture sector 

SIM3 SIM1 and SIM2 combined 



 

27 

8.  RESULTS 

Illegal gold mining is widespread in Peru, and is particularly intense in Madre de Dios. However, it is not 
a problem unique to Madre de Dios or Peru. The characteristics present in Madre de Dios (that is, a 
valuable mineral resource and a population with limited economic opportunity) are similar to other areas 
of Peru and other parts of the world where illegal mining is common. Given these universal similarities, 
this analysis can serve as a case study for other areas where illegal mining is a problem. Alternative 
economic opportunities can be identified for the individuals who rely on illegal mining for their 
livelihood. 

With this objective in mind, it is useful to have a regional model that allows us to see the impact 
on the region under study, as well as the economic linkages with the rest of the country. With a regional 
model, we can simulate the impact of the reduction of illegal mining in Madre de Dios. Unfortunately, we 
do not have sufficient information on regional trade flows to build a fully regionalized model where 
regional markets clear at different prices with differences between demand and supply satisfied by 
interregional trade flows.  

The regional model that we develop here is partial in that all markets, both agricultural and 
nonagricultural, are national. Production in all sectors is regional, but the commodities produced all flow 
into a national market where a single commodity price clears the market. Households, household 
consumption, and household income are distinguished by region, but all purchases are made in national 
product markets. The eight factors of production (skilled and unskilled labor in the formal and informal 
sectors, capital, and land) are also disaggregated by region. Capital grows or shrinks over time in each 
sector in response to differences in relative productivity and the overall amount of capital formation in the 
economy. Each labor factor increases at an exogenous rate in each region. In that sense, there is no 
permanent migration of labor between regions in the model. We will treat the income from labor as if it 
came from the region of residence rather than the region where the production takes place. For formal, 
unskilled labor and rural labor in Madre de Dios, we do not have a market-clearing wage mechanism; 
thus, there is no way for unemployment rates to be equal across the country. As becomes evident, 
exogenous changes in conditions have different effects on unemployment and therefore on regional 
incomes across the country. 

The situation in Madre de Dios is unviable, with widespread deforestation, water contamination, 
and poor life standards for the people in the region. Despite prior government decrees, no meaningful 
gains have been made in controlling the illegal mining sector and improving operations and 
environmental protections. As a result, the situation continues to degrade, resulting in the 60-day 
emergency decree issued in May 2016. This emergency decree supplements prior government efforts to 
deal with the problem of illegal mining in the region. Decree 012-2010 was a previous attempt to make 
meaningful progress, giving miners a grace period until April 2014 to become legal operations and 
committing to environmental restoration in the area. Simulation 1 models the cost of the government 
completing remediation and restoring the water and forest resources over 10 years.  

Once we agree on the need to eliminate illegal mining in the region, it is clear that a different 
source of income for those households is needed. However, this is a rural region with limited education, 
economic opportunities, and infrastructure. A previous IFPRI analysis shows that the agriculture sector, 
an existing sector of the economy, has been performing below its potential level of productivity, as 
outlined in Section 4. In addition to these possible gains in productivity, the completion of the southern 
arm of the Interoceanic Highway significantly improves access to Madre de Dios. Given this gain in 
accessibility and the identified potential of the region, the second simulation focuses on growing the 
agricultural sector of the economy. 
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There must be incentives to make this change from mining to agricultural production. This paper 
does not address this important issue; instead, this analysis is intended to show the advantage of 
accomplishing this change in economic activity in the region. Note that in the spirit of general equilibrium 
modeling, farmers are assumed to react to price signals, given the production possibilities open to them. 
Crop choice is endogenous. We model the impact of investments in upgrading technology and the 
positive spillover effect of the highway. Over time, investments affect either farm gate prices, in the case 
of the highway, or the cost of production, in the case of changes in total factor productivity (TFP) growth. 
Either alternative will affect the profitability of different crops and the supply of different agricultural 
commodities. All of this takes place over time, which is the main reason we need a dynamic model to 
capture the changes in land use, production, and prices that result from changes in investment.  

We analyze possible scenarios for the reduction of environmental cost and improving the 
productivity and income derived from agriculture in Madre de Dios as a way to reduce the incentives to 
work in illegal mining. As mentioned in the previous section, in SIM1, the government applies a tax of 
0.5 percent to all mining activity in Peru and allocates this new collection to the costs of remediation 
(water and deforestation) for the next 10 years. SIM2 gives an example of creating new sources of income 
for the households in Madre de Dios by assigning the revenues from a 2 percent tax on Madre de Dios 
mining into an investment fund for the development of the region’s agricultural sector. We assume that 
this investment is dedicated to improving productivity in the agricultural sector through the use of better 
technology (improved seeds, fertilizers, and herbicides), research and development, and extension 
services. In addition, construction of the interoceanic highway has led to better market access for the 
producers in Madre de Dios, which can be reflected in higher productivity. SIM3 combines the previous 
two simulations. 

The base growth path (baseline) is the business-as-usual scenario, where population and labor 
force growth were taken from WDI (2015). Capital depreciates at 5 percent per year, implying a net profit 
rate of 20 percent given the capital-output ratio. The economywide TFP growth rate is adjusted to match 
the GDP growth rate reported by the World Bank.  

Table 8.1 shows the macro results of these simulations. Clearly, raising productivity has a 
positive impact on the economy. However, it is important to note that these scenarios primarily affect 
Madre de Dios; the effect on the rest of the country will depend on the linkages between the regions and 
the size of the department. As Table 8.3 indicates, Madre de Dios has a small share of GDP compared 
with the rest of the country as a whole (0.5 percent of the rest of the Peru). Hence, it is not surprising that 
the macro variables in Table 8.1 do not show considerable changes. The greatest growth in GDP is seen in 
SIM3, which combines government spending for ecological restoration with investment in the agriculture 
sector. In this simulation, GDP grows an additional 0.12 percent by 2025, as compared with the baseline. 
It is also worth noting that in SIM3, private consumption and exports decrease by 0.6 percent and 0.23 
percent, respectively, as compared with the baseline. This is a result of the increase in government 
expenditures.  

Examining only SIM2, there is smaller GDP growth rate than in SIM3; however, household 
consumption and exports increase rather than decrease. The additional growth in production in SIM2 is 
used for private consumption and exports, not only for government expenditures as in SIM1 and SIM3. 
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Table 8.1 National macro variables for selected years  
 Variable   2015 2020 2025  Variable   2015 2020 2025 

Absorption base 446.62 569.17 738.66 
Government 
consumption base 33.02 33.02 33.02 

  SIM1   0.05 0.04   SIM1   11.00 11.00 
  SIM2   0.05 0.07   SIM2   0.00 0.00 
  SIM3   0.10 0.12   SIM3   11.00 11.00 
Private 
consumption base 305.32 394.09 514.77 Exports base 142.52 181.11 237.80 
  SIM1   -0.84 -0.64   SIM1   -0.32 -0.28 
  SIM2   0.04 0.05   SIM2   0.02 0.05 
  SIM3   -0.80 -0.60   SIM3   -0.31 -0.23 
Investment base 101.59 135.37 184.18 Imports base -119.76 -158.35 -215.03 
  SIM1   0.00 0.00   SIM1   -0.37 -0.31 
  SIM2   0.09 0.17   SIM2   0.02 0.06 
  SIM3   0.09 0.17   SIM3   -0.35 -0.25 
Gross domestic 
product base 469.39 591.94 761.42      
  SIM1   0.05 0.04      
  SIM2   0.05 0.07      
  SIM3   0.10 0.12      

Source:  Authors’ worksheets. 
Notes:  Values are in real terms, base in billions of local currency unit; SIMS in percentage changes with respect to baseline. 

Because government expenditures are necessary to implement all the scenarios considered, 
government savings is affected (Table 8.2). Although additional government income is secured via the 
new mining taxes levied in each scenario, we still see government savings drop. In SIM1, when 
government expenditures increase to pay for remediation costs and a 0.5 percent tax is levied on all 
mining activities nationwide, government savings initially decrease by 6 percent with respect to the 
baseline period. By the end of the period analyzed, government savings are still approximately 3 percent 
smaller than in the baseline. In the case of the scenario with increases in agricultural productivity paid by 
an activity tax on the mining sector in Madre de Dios (SIM2), government savings increase by almost 7 
percent with respect to the base in the first year.  

Table 8.2 Government savings  

 Simulation 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 
base 55.40 59.81 64.43 69.27 74.33 79.64 85.20 91.02 97.11 103.48 110.16 
SIM1 0.00 -6.27 -5.65 -5.10 -4.62 -4.19 -3.81 -3.46 -3.16 -2.88 -2.63 
SIM2 0.00 6.75 6.05 5.44 4.91 4.44 4.03 3.67 3.35 3.06 2.80 
SIM3 0.00 -6.27 -5.65 -5.10 -4.62 -4.19 -3.81 -3.46 -3.16 -2.88 -2.63 

Source:  Authors’ worksheets. 
Notes:  Base in billions of local currency unit, SIMS in percentage changes with respect to baseline. 

Table 8.3 shows the magnitude of the region studied compared to the rest of Peru; it also shows 
the impact of the simulations imposed in GDP growth rates. In 2015, Madre de Dios experiences a 
significant increase in growth of 8.83 percent, which is more than 5 percentage points greater than the rest 
of Peru. However, as the years progress, the growth rate in Madre de Dios becomes more similar to the 
rest of Peru, and some variations in the simulations appear. By 2025, the growth rate in Madre de Dios is 
slightly higher in SIM2 and SIM3, where investment in agriculture in the region is included in the 
simulation. This suggests that development of the agricultural sector through improved seeds, better 
methods of cultivation, and other education and development is a successful method of enhancing growth 
prospects for the region.  
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Table 8.3 Regional gross domestic product at factor costs (in real terms) 

    
Rest 
Peru 

Madre 
de Dios 

Rest 
Peru 

Madre 
de Dios 

 Year Simulation Billions of LCU Growth per year 
2015 base 423.57 2.26 3.51 8.83 
  SIM1 423.57 2.26 3.51 8.83 
  SIM2 423.57 2.26 3.51 8.83 
  SIM3 423.57 2.26 3.51 8.83 
2020 base 534.33 2.93 4.95 5.44 
  SIM1 534.74 2.94 4.95 5.43 
  SIM2 534.36 3.23 4.95 5.44 
  SIM3 534.76 3.23 4.95 5.43 
2025 base 689.08 3.85 5.39 5.66 
  SIM1 689.49 3.85 5.39 5.66 
  SIM2 689.29 4.24 5.40 5.70 
  SIM3 689.69 4.24 5.39 5.70 

Source:  Authors’ worksheets. 
Notes:  LCU = local currency units. 

Because the scenarios considered include adding taxes on mining throughout Peru (SIM1 and 
SIM3) as well as within Madre de Dios specifically (SIM2 and SIM3), this causes mining GDP to fall 
(Table 8.4a).12 In SIM2, where a 2 percent tax is levied on mining operations in Madre de Dios only, by 
2025, mining GDP has fallen 6 percent. In SIM3, which also incorporates a nationwide tax of 0.5 percent 
on the mining sector in addition to the 2 percent mining tax in Madre de Dios, mining GDP in Madre de 
Dios has fallen 6.5 percent with respect to the baseline. In the rest of Peru, the results are less dramatic, 
with mining GDP generally falling only 1 percent after a 0.5 percent nationwide mining tax is added in 
SIM1 and SIM3. 

Table 8.4a Mining gross domestic product by region  

 Simulation  2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 
Rest of Peru                     
  SIM1 -1.32 -1.28 -1.24 -1.21 -1.18 -1.16 -1.14 -1.12 -1.10 -1.09 
  SIM2 0.00 0.00 0.01 0.01 0.02 0.02 0.03 0.03 0.04 0.05 
  SIM3 -1.31 -1.27 -1.24 -1.20 -1.17 -1.14 -1.11 -1.08 -1.06 -1.04 
Madre de Dios             
  SIM1 -1.08 -0.99 -0.92 -0.85 -0.78 -0.72 -0.67 -0.62 -0.58 -0.54 
  SIM2 -6.00 -5.99 -5.99 -5.99 -5.99 -5.99 -6.00 -6.00 -6.01 -6.01 
  SIM3 -7.01 -6.93 -6.86 -6.79 -6.73 -6.68 -6.63 -6.59 -6.55 -6.52 

Source:  Authors’ worksheets. 
Notes:  SIMS are in percentage changes with respect to the baseline 

The agricultural sector in Madre de Dios achieves a 28 percent increase in its GDP at factor cost 
with respect to the baseline as a result of the investment incorporated into SIM2 and SIM3. A 20 percent 
increase in agricultural productivity is included in these simulations, bringing the region closer to its 
potential. With investment to achieve this productivity gain, structural change in the region’s GDP can be 
achieved (Table 8.4b). The rest of Peru experiences a less than 1 percent decrease in its agricultural 
production.  

                                                      
12 Given data limitations, the social accounting matrix used for this analysis includes only a general mining sector, which 

includes gold, copper, zinc, silver, lead, iron, and tin. 
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Table 8.4b Agricultural gross domestic product by region  

Simulation 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 

Rest of Peru base 36.30 39.65 43.29 47.20 51.41 55.90 60.69 65.78 71.18 76.90 82.94 

 SIM1 0 -1.78 -1.59 -1.41 -1.26 -1.13 -1.01 -0.90 -0.81 -0.72 -0.65 

 SIM2 0 -0.05 -0.05 -0.04 -0.03 -0.02 -0.02 -0.01 0.00 0.00 0.00 

 SIM3 0 -1.84 -1.63 -1.45 -1.29 -1.15 -1.02 -0.91 -0.81 -0.72 -0.64 

Madre de Dio  base 0.13 0.13 0.13 0.14 0.14 0.14 0.15 0.16 0.16 0.17 0.18 

 SIM1 0 0.82 0.75 0.70 0.65 0.61 0.58 0.55 0.53 0.52 0.51 

 SIM2 0 30.09 30.15 30.13 30.04 29.91 29.74 29.55 29.35 29.14 28.94 

 SIM3 0 29.85 29.83 29.75 29.61 29.44 29.24 29.03 28.81 28.59 28.39 
Source:  Authors’ worksheets. 
Notes:  Agricultural gross product in real terms – base in billions of local currency unit, SIMS in percentage changes with 

respect to the baseline. 

Looking in greater detail at the agricultural sector in Madre de Dios, we can examine the effect 
these simulations have within agriculture. Table 8.5 shows changes in GDP at factor costs by agricultural 
activity for each simulation. The baseline levels of production are shown in the baseline period in billions 
of currency units, while changes observed as a result of the simulations are shown as percentage changes. 
In SIM2 and SIM3, where investment is directed to enhance agricultural productivity in Madre de Dios, 
we see increases in commodity GDP throughout the sector. The greatest gains are seen in the production 
of other crops and cattle, increasing by 40 percent and 50 percent, respectively, by 2025. Significant gains 
are also seen in livestock (30 percent), vegetables (28 percent), rice (25 percent), and fruit (25 percent). 
The remaining crop commodities all experience growth of nearly 20 percent, in addition to growth in 
forestry of nearly 13 percent and approximately 3 percent in poultry and fishing. Only milk shows a 
decrease in production of 4 percent.  

Table 8.5 Gross domestic product at factor cost, Madre de Dios agricultural commodities  
 2015 2020 2025 
Commodity Base SIM1 SIM2 SIM3 Base SIM1 SIM2 SIM3 Base SIM1 SIM2 SIM3 
Rice 0.02 0.00 0.00 0.00 0.02 1.38 24.98 25.60 0.02 1.25 24.96 25.43 
Maize 0.01 0.00 0.00 0.00 0.01 0.03 23.34 22.40 0.01 0.24 23.29 22.60 
Tubers 0.00 0.00 0.00 0.00 0.00 -.52 21.02 19.53 0.00 -0.13 20.95 19.92 
Cassava 0.01 0.00 0.00 0.00 0.01 -0.66 20.77 19.10 0.02 -0.23 20.94 19.78 
Plantain 0.01 0.00 0.00 0.00 0.02 -0.69 20.88 19.17 0.02 -0.23 21.01 19.85 
Fruits 0.02 0.00 0.00 0.00 0.03 -0.49 26.55 24.82 0.04 -0.11 26.06 24.82 
Vegetables 0.00 0.00 0.00 0.00 0.00 0.20 29.87 28.85 0.00 0.34 29.50 28.68 
Legumes 0.00 0.00 0.00 0.00 0.00 -0.39 21.91 20.53 0.00 0.00 21.94 21.02 
Coffee  0.00 0.00 0.00 0.00 0.00 1.05 18.07 18.57 0.00 0.94 18.24 18.61 
Other crops 0.01 0.00 0.00 0.00 0.01 0.25 43.21 41.67 0.02 0.55 41.77 40.71 
Bovine 0.05 0.00 0.00 0.00 0.03 2.57 44.48 45.96 0.03 2.29 48.91 49.92 
Milk 0.00 0.00 0.00 0.00 0.00 -0.91 -1.84 -2.73 0.00 -0.63 -3.64 -4.18 
Poultry 0.00 0.00 0.00 0.00 0.00 -0.20 5.83 5.32 0.00 -0.19 3.56 3.14 
Livestock 0.00 0.00 0.00 0.00 0.00 1.36 31.17 31.50 0.00 1.28 30.07 30.32 
Forestry 0.02 0.00 0.00 0.00 0.02 -1.12 5.19 3.71 0.03 -0.71 3.80 2.81 

Source:  Authors’ worksheets. 
Notes:   Gross product in real terms – base in billions of local currency unit, SIMS in percentage changes with respect to the 

baseline. 
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In SIM2 and SIM3, a 20 percent increase in productivity is applied across all agricultural 
commodities. The difference in outcomes across commodities implies that some commodities benefit 
more than others from a productivity gain. When implementing agricultural investment in Madre de Dios, 
additional investigation would need to be done to identify which commodities have the greatest 
comparative advantage and value-added in the region. 

Not surprisingly, factor incomes in the rural sector of Madre de Dios are positively affected by all 
of these alternative methods for improving agriculture. In the base run, the profit to land in Madre de Dios 
rises by 103 percent (over 10 years) and by 160 percent in SIM2, where productivity-enhancing 
investments are made in the agricultural sector in Madre de Dios. The same pattern can be seen for labor 
and capital. However, this trend does not continue for the informal rural labor category in Madre de Dios, 
where its factor income grows 2 percentage points less than in the baseline over 10 years. Factor incomes 
in the rest of Peru show insignificant changes between the baseline and the simulation. Examining SIM1, 
where only environmental remediation is implemented, it is clear that these government expenditures do 
not benefit everyone. The rural and unskilled urban labor categories experience a drop in factor income of 
2 percentage points compared with the baseline; formal skilled urban labor is the only winner in this case. 
In SIM1, by 2025, capital and land do not experience a significant difference in comparison to the base 
run. 

Next we consider the effects of these interventions on factor returns in Madre de Dios. Because of 
the labor market closures selected for our model, gains in returns for unskilled labor in the formal sector 
and rural labor will be reflected via an increase in employment levels, rather than wages. All other labor 
factors have significant increases in returns of roughly 14 percent over 10 years, or 1.2 percent per year. 
The returns for capital will be smaller and the returns to land will see an increase given the higher demand 
for the factor.  

Targeting Madre de Dios does not significantly affect the income of the household as compared 
with the rest of the country. This interesting result makes a stronger case for the evaluation of the policies 
proposed in this study. Instead, the impact in Madre de Dios can be seen in the income of the households. 
In the case of SIM1, when only remediation costs are implemented, the change is not enough to help 
households increase their income. However, when we study SIM2 and SIM3, we find that the new 
investment creates a new source of income for rural and urban families in Madre de Dios, with increases 
of 1.5 percent and 1.9 percent, respectively, from baseline by 2025. These results indicate that although 
there are minimal changes in the rest of Peru, the regionally targeted investment in Madre de Dios helps 
close the income gap in this less-favored region.  
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9.  CONCLUSION 

We have seen that gold mining is the main economic activity in Madre de Dios and that most of this 
mining occurs informally. Despite their efforts, the state has not yet managed to lead a formalization 
process achievable for small operators, and the environmental impacts have continued, endangering the 
health of inhabitants of Madre de Dios. This has prompted the government to declare a state of emergency 
in the region. All of this makes it necessary to develop alternate economic opportunities in the region. 
This does not mean that all forms of artisanal mining must cease to exist; rather, it indicates that it is 
necessary for illegal mining operators to find employment in other sectors. The past shows that to 
facilitate the reduction of illegal mining, the creation of a different source of income is a necessary 
condition. 

Recent analysis from IFPRI identified Madre de Dios as a region with high agricultural potential, 
where additional investment would be particularly valuable as there is a significant difference between 
this potential and current performance. Investment in this sector to reach the optimal level of productivity 
can achieve structural change in the region’s GDP, as demonstrated in the scenarios covered in this study, 
which include a 20 percent increase in agriculture productivity in Madre de Dios. In the results of these 
simulations, the agricultural GDP in Madre de Dios by 2025 is approximately 28 percent larger than 
baseline, and mining GDP is approximately 6 percent smaller. 

Focusing government expenditures only on the restoration of the environmental damage from 
illegal mining, funded by a small tax on all mining production in the country, will not be enough to solve 
the problem in Madre de Dios. The results show that it is also necessary to find a different source of 
income for the households in the region to be able to maintain or improve their income. The scenarios of 
additional investment in agriculture show that income for rural families in Madre de Dios increases 1.5 
percent above baseline by 2025; similarly, income increases 1.9 percent for urban families in Madre de 
Dios. There are minimal changes in income in the rest of Peru, showing that these improvements in 
Madre de Dios are not at the expense of the rest of the country.  

We need to acknowledge that given the lack of data, illegal mining is not well represented in the 
SAM, which may underestimate the results obtained in this study. Nonetheless, the intention is to 
highlight an option for the development of Madre de Dios without illegal mining. Further study could be 
done collecting data on the factors of production used in illegal mining in Madre de Dios and also taking 
into consideration migration between Madre de Dios and the rest of Peru. This is an opportune time to 
pursue a change in the economic structure of Madre de Dios. Recent years have seen a decrease in gold 
prices, making it a less attractive option for illegal miners. By developing agriculture into a more 
productive sector, economic development can be pursued in a sustainable manner.  
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