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21.1 Introduction

The purpose of this chapter is to examine and analyze the cultivation of saffron using simple economics to look at over-

all trends, followed by more technical analysis at the end. Most of the data provided for the analysis in this chapter are

related to Iran. There are two reasons for this. One is that data and information related to other countries were not

accessible for us. The second is that Iran, as we will see in the following section, is the major producer and exporter of

saffron.

We start this chapter by identifying the major exporters and describing the way saffron is priced, then we discuss

saffron production in Iran. We end the chapter by applying some technical tools to analyze the economics of the saffron

production process.

21.2 World’s main exporters of saffron

For many decades, Iran, Spain, and Greece have been the world’s major exporters of saffron. However, since 2000, the

entry of other countries such as Afghanistan, China, the Netherlands, and Portugal into the world market has increased

and influenced saffron export values. Fig. 21.1 presents the value of saffron exports from Iran, Spain, Greece, and

Afghanistan during 2012 and 2016.

Between 2012 and 2016, Iran and Spain held the first and second positions in saffron exporting. In most years,

Greece has held the third position. In 2016 Afghanistan moved ahead of Greece into third place.
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Iran is the main source of saffron in the world with 111,000 ha of saffron farms and about 404 tons of production in

2018 (Donya-e-Eqtesad, 2019). About 60% of the cultivated area is located in the three provinces of Khorasan

(UNIDO, 2016). However, due to the lack of a packaging industry, proper marketing, and production of edible products

with saffron, much of Iran’s saffron is sold to the world by other countries. The marketing process is that the saffron

from Iran is sold to other countries, such as Spain, where it is appropriately packed and marketed to other countries at a

high price.

21.3 Price of saffron

The price of saffron varies markedly by year. Fig. 21.2 shows the world price of Iranian saffron between 2012 and

2017.

The highest price for saffron during the 2011�17 period was in 2011 at $2400 kg21. The lowest price was in 2012

at $1400 kg21. During 2013�16, the price of saffron remained relatively stable, but it jumped by $500 kg21 in 2016.

The sudden drop in the Iranian saffron price in 2012 was mainly due to an increase in saffron supply. Fig. 21.3 shows

the value of Iranian saffron exports.

As can be seen, there was a dramatic increase in exports of saffron during 2008�12. Iran is the major producer of

saffron, and while more than 90% of the world’s saffron is produced there, a significant portion of saffron’s value-add

belongs to other countries due to Iran’s poorly developed processing sector (Karbasi, 2006). If Iran prioritized saffron

processing in its development plans and suitably packaged saffron, it would be able to increase its value-add by more

than 16 times (Resistance Analysts, 2016).

Saffron price fluctuations not only influence producers, but also affect local economies where saffron is cultivated.

According to a study conducted by Filipski et al. (2017) in the Taliouine�Taznakht region of Morocco, increasing saf-

fron price by 77% over the years 2007�09 allowed improvements in production technology, such as drip irrigation,

FIGURE 21.1 Exported values of the major exporting countries of saffron. Data from Trademap, 2017. Trade statistics for international business

development. Available from: ,https://www.trademap.org/Index.aspx..

FIGURE 21.2 Price per kg of Iranian saffron in the world market (2011�17). Data from Trademap, 2017. Trade statistics for international business

development. Available from: ,https://www.trademap.org/Index.aspx..
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which led to increased productivity of saffron flowers. This study showed that a 100% increase in saffron price brings a

133% increase in wages of a typical female employed for the harvesting stage, and a 36% increase in wages for a male

employed for the cultivation stage.

The price of saffron within the country, and most likely in the international market, is affected by its end use.

Saffron used in food preparation and as a spice is more expensive than saffron used for medical purposes.

21.4 Saffron production around the world

As saffron grows under specific climate conditions, very few countries produce it and data are not available for all pro-

ducing countries. Table 21.1 shows the area, amount, and yield of saffron production in the world’s main saffron-

producing countries.

Iran, Greece, Spain, and India have traditionally been the major saffron-producing countries (UNIDO, 2016).

Fig. 21.4 shows the share of each country in world saffron production.

Market shares by country have dramatically changed during the years, in particular after 2010, due to the increased

demand for saffron. For instance, Afghanistan, which only started producing saffron in the late 1990s, accounted for

1.6% of world saffron production in 2016.

TABLE 21.1 Saffron production in the world’s main saffron-producing countries in 2016.

Country Area (ha) Production (tons) Yield (kg ha21) Share in the world (%)

Iran 105,270 336 3.3 88.8

India 5707 22 3.9 5.8

Greece 1800 7.2 4 1.9

Afghanistan 2811 6 2.1 1.58

Morocco 200 2.6 3.2 0.68

Spain 165 2.3 14 0.6

Italy 500 1 2 0.26

China 500 1 2 0.26

Azerbaijan 35 0.23 6.6 0.06

Total 116,988 378.33 � 100

Source: Data from Iranian Ministry of Agriculture, 2017. Report of saffron. National plan of herbal medicine. Available from: ,http://si.torbath.ac.ir/
resource/file_book/8.pdf.; UNIDO, 2016. Saffron industry value chain development. Available from: ,https://open.unido.org/projects/IR/projects/120595..

FIGURE 21.3 Export price of Iranian saffron (2000�15). Data

from Trademap, 2017. Trade statistics for international business

development. Available at ,https://www.trademap.org/Index.

aspx..
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21.4.1 Iran

Saffron is a major agricultural product for Iran. Figs. 21.5�21.7 show the amount of production, yield, and land area

during 2005�18.

The year 2008 was the worst year in recent memory for saffron production in Iran. In that year, saffron production

fell to less than 50,000 kg. The average yield was only 0.6 kg ha21 (the lowest in 10 years). The highest yield was

obtained in 2005 at 4.1 kg ha21. Saffron yields since 2005 have averaged about 3.7 kg ha21. The land area of saffron

cultivation has been increasing by about 6% annually since 2008.

FIGURE 21.4 The share of Iran, India, Spain, and Greece in

world saffron production. Data from UNIDO, 2016. Saffron

industry value chain development. Available from: ,https://

open.unido.org/projects/IR/projects/120595..

FIGURE 21.5 The amount of saffron production in Iran

during 2005�18. Data from Khorasan Razavi

Agricultural directorate, 2019.

FIGURE 21.6 Saffron yield in Iran during 2005�18. Data from Khorasan Razavi Agricultural directorate, 2019.
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21.4.2 India

In India, most saffron is produced in the state of Jammu & Kashmir (Kafi and Showket, 2007). Fig. 21.8 shows culti-

vated area, production, and yield of saffron in India during the years 1997 and 2016. Reliable information for the years

between 2005 and 2015 is lacking.

India produces 15�20 tons of saffron per year but has tended to increase its production due to economic improve-

ments. In order to protect its domestic consumption, the country has set a 35% tariff on imported saffron. In spite of the

country’s intention to expand saffron farms, the cultivated area has only slightly increased from the 2010s—from

3143 ha in 2005 to 5707 ha in 2016. According to the evidence (UNIDO, 2016), Indian saffron is known as a low-

quality product because of its high moisture content and dark color. Arab countries are the major exporters of saffron

from India.

21.4.3 Greece

Greece, with more than 5 and 7 tons of saffron production, was the second- and third-leading producer in 2004 and

2016, respectively. The major region of saffron cultivation in Greece is Kozani. The amount of saffron production in

Greece, however, has markedly fallen since 2006 due to the country’s economic fluctuations and droughts. Fig. 21.9

presents cultivated area, production, and yield of saffron in Greece during the years of 2000�17.

FIGURE 21.7 Saffron area in Iran during 2005�18. Data from Khorasan Razavi Agricultural directorate, 2019.

FIGURE 21.8 Cultivated area, amount of production, and yield of saffron in India during 1997�2017. Data from UNIDO, 2016. Saffron industry

value chain development. Available from: ,https://open.unido.org/projects/IR/projects/120595..
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After 5 years of significant reductions in Greece saffron production, the country has focused on expanding saffron

cultivation. Some regions of Greece that abandoned saffron cultivation started to replant, and saffron cultivation

increased by fourfold between 2010 and 2017.

21.4.4 Spain

By 1970, Spain, with 60 tons of saffron production, was the leading producer. Cultivation, harvesting, and processing

of saffron are very labor-intensive. Since 1990, production cost increases, particularly for wages, has decreased cultiva-

tion of saffron dramatically (Katawazy, 2013; UNIDO, 2016). For instance, production dropped to 3.4 tons in 2003,

while it was 21.8 tons in 1990. Fig. 21.10 shows cultivated area, production, and yield of saffron in Spain in the years

2000�16.

Since 2006, increases in the world price of saffron as well as the economic crises in Europe have encouraged farm-

ers in Spain to cultivate saffron (UNIDO, 2016). In 2006, 116 ha of Spain lands were cultivated for saffron, while this

area reached 165 ha in 2016. Spain, however, has the highest production yield in the world. In 2016, the average yields

were 14 and 9 kg ha21 for irrigated lands and drylands, respectively. The saffron yield on irrigated lands is

19�20 kg ha21 (UNIDO, 2016).

21.4.5 Afghanistan

In 1998, some Afghan NGOs in cooperation with local farmers started to produce saffron in the semiarid villages of

Pashtun Zarghun district of Herat province. Saffron cultivation has expanded widely because of positive results. In

2002, the Ministry of Agriculture in Afghanistan began to distribute saffron corms to farmers in the provinces of Herat,

Mazar-i Sharif, Baghlan, Kabul, Wardak, Bamyan, and Logar. Since 2003 the National Control Drug Strategy has been

adopted, and saffron is expected to be an alternative cultivation to poppy (Wyeth and Malik, 2008; Mollafilabi et al., 2009).

FIGURE 21.9 Cultivated area,

amount of production, and yield of

saffron in Greece during 2000�17.

Data from the Ministry of

Agriculture, Greece, 2019.

FIGURE 21.10 Cultivated area, amount

of production, and yield of saffron in

Spain during 2000�11. Data from

UNIDO, 2016. Saffron industry value

chain development. Available from:

,https://open.unido.org/projects/IR/pro-

jects/120595..
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By 2011, more than 1300 farmers were growing saffron in these provinces (Katawazy, 2013; UNIDO, 2016). Fig. 21.11

shows the areas under saffron cultivation during the years 2004�16.

According to Katawazy (2013), there are 7000�10,000 ha in Afghanistan that are suitable for saffron production

and these areas could produce 50,000�70,000 kg of saffron.

21.4.6 Summary

In summary, Iran’s share of saffron production has been decreasing since 2008. Newcomers with low wages, such as

Afghanistan, have increased their share of production. Furthermore, even though production yield has been increasing

for major saffron producers over the years, Spain has been often been the leader. Fig. 21.12 shows yields in Iran,

Greece, and Spain. Saffron yield in Spain increased from 10 to 14 kg ha21 from 2005 to 2016, a 42% increase in

growth. Greece is in second place with an average yield of about 6 kg/ha. Among the three countries, Iran has the low-

est yield with an average of 3.13 kg ha21. The large reduction in yield for 2008, as compared to that in the previous

year, was due to frostbite weather in the two major saffron-producing provinces of South and Razavi Khorasan in 2007

(Iranian Ministry of Agriculture, 2017).

21.5 Production function in economics

The production function is the relationship between physical output of a production process and physical inputs or pro-

duction factors. The main purpose of estimating a production function is to determine whether goods and services are

produced in the most efficient and economical way. Indeed, the production function is the output obtained from the

most combination of inputs.

FIGURE 21.12 Saffron yield production in Iran,

Spain, and Greece during 2005�16. Data from

UNIDO, 2016. Saffron industry value chain develop-

ment. Available from: ,https://open.unido.org/pro-

jects/IR/projects/120595..

FIGURE 21.11 Areas cultivated (ha) by saffron in Afghanistan during

2004�16. Data from Katawazy, A.S., 2013. A comprehensive study of

Afghan saffron. The report of Afghanistan Investment Support Agency

(AISA); Iranian Ministry of Agriculture, 2017. Report of saffron.

National plan of herbal medicine. Available from: ,http://si.torbath.ac.

ir/resource/file_book/8.pdf..
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The production function is practically applied by valuing the physical outputs and inputs using their prices. By com-

paring the economic value of the last unit of production with the cost incurred to produce it, we can determine if the

use of more production inputs leads to more economic benefits. If the economic value obtained from the last unit of

production is higher than the production cost, it is economically beneficial for the producer to use more units of the

inputs. Alternatively, if the production cost of the last unit is higher than the benefits obtained from producing it, eco-

nomic benefit is increased by reducing input use. Therefore, the most economic benefit is obtained at the point where

the economic benefit of the last unit of production equals its production cost.

21.5.1 Production function of saffron

In saffron cultivation, the main production inputs are land, labor, irrigated water, manure, chemical fertilizer, saffron

corm, agricultural machinery, and herbicide. Studies on the production function for saffron cultivation normally use a

Cobb�Douglas production function:

Yi 5A Xijβj 1 ei (21.1)

where Yi is the yield of saffron for the ith farmer, Xij is the jth input used by the ith farmer, βj is coefficients for inputs

estimated by the model, and ei is the error term. To simplify the model estimation, it can be linearized as

LnYi 5 LnA1βj Ln Xij 1 ei (21.2)

The results of estimating a Cobb�Douglas function of saffron cultivation show that the economic importance of

production inputs varies across various cultivation regions (Golkaran-Moghadam, 2014; Jalali et al., 2015, 2016;

Khanali et al., 2016). In the Torbat-e-Heydarieh county, expansion of the farming area (Golkaran-Moghadam, 2014;

Jalali et al., 2015, 2016), an increase in labor per hectare (Golkaran-Moghadam, 2014; Jalali et al., 2016), corm density

(Golkaran-Moghadam, 2014), manure use (Golkaran-Moghadam, 2014), chemical fertilizer use (Golkaran-Moghadam,

2014), agricultural machinery use (Jalali et al., 2016), and water irrigation use (Jalali et al., 2016) increase economic

benefits obtained from saffron cultivation, while an increase in herbicide use per hectare will decrease the economic

benefit (Golkaran-Moghadam, 2014). In the two counties of Ghaen and Gonabad, four inputs—land, labor, chemical

fertilizers, and irrigated water—increase economic benefits, but the use of more herbicides and manures are expected to

decrease economic benefits (Golkaran-Moghadam, 2014; Khanali et al., 2016). Putting all these results together, while

labor and irrigated water inputs had a significantly positive impact on the economic benefits obtained from saffron cul-

tivation (Bakhtiari et al., 2015), herbicides had a negative impact in all three regions. The negative impact is due to the

overuse of herbicides due to the lack knowledge about their use.

21.6 Economic productivity of saffron

Productivity is an economic tool used to compare some alternative economic activities in terms of their obtained bene-

fits. Productivity is a measure of output per unit of input. Table 21.2 shows the inputs used for saffron cultivation in

Torbat-e-Heydarieh, the major area for saffron production in Iran. Data in the table are based on a questionnaire

TABLE 21.2 The amount of inputs used to produce 1 kg of saffron.

Inputs Amount Inputs Amount

Nitrogen fertilizer (kg) 20.2 Gasoline (kg) 18.99

Phosphorus fertilizer (kg) 12.84 Electricity (kW h21) 18.84

Potash fertilizer (kg) 14.07 work force (people) 21

Manure (tons) 4.76 Irrigation (h) 3.46

Micronutrient (L) 0.26 Machinery (h) 2.55

Herbicide (kg) 0.09 Corn (tons) 0.18

Source: Data from Nezamoleslami, A., 2018. The Comparative Advantage of Saffron Production in Khorasan Razavi Province with Regard to Greenhouse
Gas Emissions. Case Study: Torbat-e-Heydarieh Region (M.Sc. thesis). Ferdowsi University of Mashhad, Iran (in Persian).
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completed by 57 farmers who cultivated saffron in 2017. Table 21.2 shows the average of each input used by the farm-

ers to produce 1 kg of saffron.

The main inputs of saffron cultivation are water, land, and labor, so we analyze the productivity of these inputs in

the rest of this chapter.

21.6.1 Water productivity of saffron

One of the most important factors in determining suitable agricultural systems for arid and semiarid regions (e.g.,

water-scarce countries) is water productivity or the value of production per a unit of water used. Many sources

(Amirteymouri and Khaliliyan, 2008; Khavarinezhad, 2014; Shamsabadi et al., 2016) define water productivity as the

ratio of product yield to the amount of water used in production. With this aim, studies on various agricultural products

measured the amount of production per cubic meter of water used. For instance, 1 m3 of water can generate 1 g of saf-

fron, 1 kg of wheat, 6 kg of potatoes, and 6.5 kg of sugar beets (Koocheki et al., 2017), as reported by the Iranian

Students News Agency (ISNA, 2017). According to Zwart and Bastiaanssen (2004), a cubic meter of water can be used

to produce 0.99 kg of wheat, 1.9 kg of rice, 0.65 kg of cotton, and 1.80 kg of corn. While this information is helpful for

farmers and policymakers to know the amount of water required for planting each product, from an economic viewpoint

it is necessary to determine the monetary value of product per 1 m3 of water used. This allows an economic comparison

among different types of products.

It is instructive to compare the income generated per cubic meter of water in its various uses. Each cubic meter of

water used for saffron production generates 9 times more income than wheat, 10 times more than sugar beet, 6 times

more than potato and 2.5 times more than apple (Sadeghi, 2012). Another study (Tabatabaei and Shahidi, 2017) ana-

lyzed a scenario of eliminating cultivation of wheat, barley, and alfalfa, and replacing these crops with saffron. This

study shows that reallocating water to saffron from barley increased net income by 5.8 times. This study also showed

that removing wheat, barley, and alfalfa production and allocating the water consumed to saffron could increase the

area under saffron cultivation by 6.8 ha (reaching 46.8 ha) based on traditional irrigation (e.g., 4500�5000 m3 of water

for a hectare of saffron). Drip irrigation would save 1000 m3 of water per hectare. In a summary, the survey of existing

studies and reports shows that low water requirements, high tolerance to drought/water shortage, soil fertility, and high

levels of economic productivity of water in saffron cultivation make saffron a suitable product for arid and low water

areas.

21.6.2 Labor productivity of saffron

The economic productivity of labor is the amount of income generated by a unit of labor. Labor productivity shows

how much a laborer produces in output value. Although saffron production is very labor-intensive, especially the plant-

ing and harvesting stages, the high level of income produced from this crop yields high labor productivity in compari-

son with other crops. Labor productivity for saffron is 2.4 times more than wheat, 3.6 times more than barley, 4.6 times

more than cotton, and almost 10 times more than a vine crop (Monazam-Esmaeilpour and Kordovani, 2010). As a

result, the production of this product (in comparison with other agricultural products) creates high income for employ-

ees in this sector. The high income generated by saffron can have even more positive effects on the status of poor work-

ers. Increased wages are expected to positively affect school enrollment and birth rates (Becker, 1992). Nevertheless,

saffron is not economically suitable for regions with high labor wages. For instance, in New Zealand high labor costs

limit saffron production even though its yield is high (up to 24.3 kg ha21; more than three times the yield of traditional

producing countries) (McGimpsey et al., 1997).

21.6.3 Land productivity of saffron

Saffron cultivation is also high in terms of land productivity. Saffron yields differ by country due to climatic conditions

and cultivation methods. But studies show that the value-added generated by saffron cultivation is several times higher

than wheat, beets, and other crops (Kouzegaran et al., 2013; Tabatabaei and Shahidi, 2017). The results of the study by

Monazam-Esmaeilpour and Kordovani (2010) show that the net income of 1 ha of saffron is 16 times more than wheat,

24 times more than barley, 19 times more than cotton, 31 times more than wheat, 7 times more than grapes, and 45

times more than pistachio.
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21.7 Economic performance of saffron

We use some economic indicators to analyze the economic performance of saffron production.

21.7.1 Return on investment

Return on investment (ROI), sometimes known as rate of return, is the percentage change in the value of an investment

over a certain period of time. The following formula is used to measure it:

ROI5
Vf 2Vi

Vi

� 100 (21.3)

where Vf is the value of the investment at the end period of time and Vi is the initial value of investment. The

average ROI for saffron cultivated in Torbat-e-Heydarieh, the major saffron region in Iran, is about 500%. In

other words, a saffron field, which lasts 5�7 years, generates income that is five times more than its establish-

ment costs.

21.7.2 Ratio of return to cost

The ratio of return to cost (RRC) is another economic indicator used to evaluate the efficiency of an economic activity

and investment. This ratio is calculated using annual income from an investment divided by the cost of the investment.

The result is either a ratio or percentage. In Torbat-e-Heydarieh, the average RRC for saffron production is 2.1, while

the ratio is 1.2, 1.12, and 1.41 for wheat, barley, and alfalfa production, respectively. The RCC for sugar beets is esti-

mated between 1.02 and 1.56, depending on the production scale (Gholami-Ghajlou et al., 2014). Saffron’s RRC is

about two times more than this ratio for the mentioned products (Salehi and Karimiyan, 2017).

21.8 Efficiency

In evaluating the ecological performance of a human activity, we may take various perspectives. One of the most com-

mon notions used is “efficiency,” which is the distance between what is actually performed and what can be ideally

achieved (Sherman and Zhu, 2006). However, the challenging point on the concept of efficiency is that experts and

researchers in different areas of research conceptualize “ideal achievement” differently. For an ecological scientist, the

achievements are considered based on energy produced during a plant’s growing period (Sherman and Zhu, 2006).

However, the produced energy can be measured in different forms such as assimilation, known as assimilation effi-

ciency (Jahan et al., 2012), and consumer production, known as production efficiency (Khavarinezhad, 2014). From an

economic perspective, “ideal achievement” is generally defined by the economic benefits obtained from the production

process (Sherman and Zhu, 2006). Nevertheless, the economic benefit can be analyzed from different perspectives such

as input combination (Sherman and Zhu, 2006) or production scale (Sherman and Zhu, 2006). From a social point of

view, “ideal achievement” is usually in terms of resource distribution. Indeed, maximum efficiency in a society is

achieved when making one person better off requires someone else to be worse off (Barr, 2004). Nevertheless, the value

associated with efficiency, in any of its forms, is between 0 and 1.

In many studies of ecological performance (Abdshahi et al., 2013; Taki et al., 2011), energy efficiency is used to

assess how energy moves in the production process. The following sections describe energy efficiency in saffron

producing.

21.8.1 Energy use efficiency

Energy efficiency is how energy is consumed as the product moves from raw material to final product during the pro-

duction process. Indeed, energy efficiency is energy delivered by the product compared to the energy consumed to pro-

duce it.

The following formula measures energy efficiency:

Energy use efficiency5
Energy in the output ðMJ ha21Þ

Total energy in the inputs ðMJ ha21Þ (21.4)
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To calculate energy use efficiency, four stages are followed:

Stage 1: Specify the inputs used for the production cycle (which lasts 5�7 years for saffron) per hectare. For con-

ventionally produced saffron, the main production inputs are fossil fuels used for machinery, fuels used to generate

electricity, different types of fertilizers (such as farmyard manure), other chemicals such as herbicides and pesti-

cides, human labor, irrigation water, and corms (Bakhtiari et al., 2015; Khanali et al., 2016; Khoramdel et al., 2016;

Yaghoubi et al., 2015).

Stage 2: Convert the physical quantities of the inputs used during the production cycle per hectare into energy

values. To quantify the energy values, most studies (Bakhtiari et al., 2015; Elhami et al., 2016; Ghorbani-Birgani

and Dibaei, 2010; Heidari-Soltanabadi, 2014; Khanali et al., 2016) use energy coefficients drawn from the literature.

For each input an energy coefficient indicates the energy used to produce one unit of the input from the beginning

of the production process to the end user (Mousavi-Avval et al., 2011a,b). One has to consider the technique used to

produce the inputs applied in the production process (Mousavi-Avval et al., 2011a,b). Table 21.3 presents energy

coefficients for the main inputs required for saffron production under conventional methods.

Stage 3: Specify the production outputs. In this context, various levels of outputs are distinguished. However, since

the efficiency term refers to the human benefits gained, studies (Karunarathna and Wilson, 2017; Maia et al., 2016)

only consider parts of the plant that benefit humans as “economic output.” In saffron, the economic output is stigma

and corms, with leaves and flowers as byproducts (Bakhtiari et al., 2015).

Stage 4: Convert the physical quantities of the outputs produced over the production cycle per hectare into energy

values. Studies have used two techniques for the quantification of output energy. Similar to the input energy quanti-

fication, some studies (Khanali et al., 2016; Mehrabadi-Basharabadi and Pourmoghadam, 2012; Mirhosein et al.,

2005; Mousavi-Avval et al., 2011a,b) use energy coefficients calculated by other studies (FAO, 2000). Other studies

(Bakhtiari et al., 2015; Ghaderpour and Rafiei, 2016; Ziyaei et al., 2013) use laboratory methods to calculate energy

output of agricultural products.

The efficiency is the ratio between the caloric useful products and the total energy used to produce inputs (Esmaeili-

Dastjerdipour and Mehrabi-Basharabadi, 2011). This clarifies whether the production process is a net producer or con-

sumer of energy (Khanali et al., 2016).

TABLE 21.3 Energy coefficients of different inputs and outputs used in agricultural production.

Inputs Units Energy coefficients (MJ unit21) Reference

1. Human labor h 1.96 Beheshti-Tabar et al. (2010), Mohammadi et al. (2008)

2. Machinery h 62.7 Mobtaker et al. (2010), Nabavi-Pelesaraei et al. (2014)

3. Diesel fuel L 56.31 Mobtaker et al. (2010)

4. Electricity kWh 11.93 Mobtaker et al. (2010), Mohammadi et al. (2014)

5. Chemical fertilizers kg

a. Nitrogen (N) 66.14 Esengun et al. (2007), Mousavi-Aval et al. (2011)

b. Phosphate (P2O5) 12.44 Esengun et al. (2007), Mousavi-Aval et al. (2011)

c. Potassium (K2O) 11.15 Esengun et al. (2007), Mousavi-Aval et al. (2011)

6. Water for irrigation m3 0.63 Erdal et al. (2007)

7. Farmyard manure (FYM) kg 0.3 Demircan et al. (2006)

8. Chemicals kg

a. Pesticides 199 Ozkan et al. (2004)

b. Herbicides 238 Helsel (1992)

c. Fungicide 92 Ozkan et al. (2004)

Source: Data from Bakhtiari, A.A., Hematian, A., Sharifi, A., 2015. Energy analyses and greenhouse gas emissions assessment for saffron production cycle.
Environ. Sci. Pollut. Res. 22 (20), 16184�16201.
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21.8.1.1 Energy use efficiency of saffron cultivation

All published studies on the energy efficiency of saffron cultivation have been conducted in Iran; we did not find stud-

ies conducted in other countries. Having reviewed these studies, the following points can be noted:

1. The first published study on the energy efficiency of saffron cultivation was conducted by Jami-Al-Ahmadi et al.

(2010) for the Southern Khorasan province. In this study, energy efficiency was calculated at 0.006. The two other

studies reported energy efficiency for saffron of 0.0026 for the provinces of Khorasan Razavi and Southern

Khorasan (Bakhtiari et al., 2015) and 0.0044 for Southern Khorasan province (Khanali et al., 2016). The three stud-

ies confirmed low energy efficiency for saffron cultivation compared to other agricultural products. The main reason

for the low energy efficiency of saffron is that only a small part of the plant (the stigma) is an economic output. The

ratio of usable yield or economic yield to the total amount of the above ground biomass is 0.5% for saffron, while it

is usually between 30% and 60% for most agricultural products (Kafi, 2006).

2. Farm-level energy consumption in Iran varies tremendously. This indicates that the production process varies widely

from farm to farm.

3. Fertilizers, in particular N-based fertilizers, constitute most of the energy consumption. As a result, managing fertil-

izer consumption in saffron should be given priority. Other studies (Mohammadi et al., 2014; Mousavi-Avval et al.,

2011a,b; Sefeedpari et al., 2014) also indicate that chemical fertilizers, in particular N-based fertilizers, are exces-

sively employed in Iran.

4. Land preparation consumes most of the energy input during the saffron production cycle. This is because fuel used

in machines and most fertilization takes place when the soil is being prepared for planting.

21.8.1.2 Economic efficiency

Economic efficiency measures whether resources are allocated to produce the desired outputs in the most economical

way. Economic efficiency is obtained when a product is produced at the lowest possible cost. Therefore, at the point of

economic efficiency, any change made to improve a part of the production process would harm another part. When eco-

nomic efficiency is achieved, nothing can be improved without something else being hurt (Farrell, 1957). Economic

values of consumed inputs and produced outputs are the main determinants of economic efficiency.

Estimating the degree of a firm’s efficiency shows how the firm can improve economically by either reducing its

inputs without changing its production or expanding production without changing its inputs. Economic efficiency com-

pares firm operations that produce under a common technology. Efficiency falls in a range between 0 and 1. A value of

1 indicates the firm is an efficient unit and a value less than one denotes the firm is inefficient. An inefficient unit can

improve in two ways:

1. By reducing its input consumption while output remains constant

2. By expanding its output while inputs remain constant

The efficiency comparison can be conducted in two forms—input-based efficiency and output-based efficiency

(Bogetoft and Otto, 2011). The input-based efficiency under a certain technology “T” is:

E5min E. 0 Ex; yð ÞAT
�� ��

(21.5)

where E, x, and y are the efficiency, the inputs, and the outputs, respectively. This input-based efficiency presents the

maximum reduction of inputs that allows the firm to continue producing a given output. On the other hand, the output-

based efficiency under a certain technology “T” is:

F5max F. 0 x;Fyð ÞAT
�� ��

(21.6)

where F, x, and Fy are the efficiency, the inputs, and the outputs, respectively. This output-based efficiency denotes the

maximum increase in output that is feasible consuming the given inputs.

21.8.1.2.1 Economic efficiency of saffron cultivation

Studies on the economic efficiency of saffron cultivation have been mainly conducted in Iran. The main findings are:

1. Saffron is mainly cultivated in the two neighboring provinces of Khorasan Razavi and Southern Khorasan located in

northeastern Iran. The two counties of Torbat-e-Heydarieh and Gonabad from Khorasan Razavi and the county of

Ghaen from Southern Khorasan are the major regions of saffron production in Iran. Findings from different studies
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on economic efficiency for saffron production in those regions show average economic efficiency between 80% and

90%, indicating that production can increase more than 10% without increasing inputs (Golkaran-Moghadam, 2014;

Kavand et al., 2014). More specifically, among these three regions, Torbat-e-Heydarieh, with an average of eco-

nomic efficiency of 86%, is the most efficient area in producing saffron, and Ghaen, with an economic efficiency of

63%, is the lowest one (Golkaran-Moghadam, 2014).

2. Jalali et al. (2016) found that the benefit efficiency of saffron (61.4%) was significantly less than the economic effi-

ciency (86%) in Torbat-e-Heydarieh. This indicates that the net benefit from saffron production can be raised on

average by 38.6% without any change in the production scale. The results of this study revealed that saffron produ-

cers were not able to make the most efficient decisions about inputs due to fluctuating input prices and input price

uncertainty.

3. In the Kozani area of western Macedonia, the main Greek area for saffron cultivation, the economic efficiency of

saffron was estimated at 63% under constant returns to scale indicating that the production inputs can decrease by

37% while leaving production unchanged (Melfou et al., 2015).

4. Firm-level economic efficiencies varied significantly among firms due to management and input use (Golkaran-

Moghadam, 2014; Kavand et al., 2014).

5. Some socioeconomic characteristics, such as age, education, number of farms, and off-farm income sources, were

the main determinants of economic performance for saffron farms. Two farmer characteristics, age and education,

have positive effects on farm efficiency of saffron production. Older and more educated farmers have higher farm

efficiency, indicating better management of resources.

21.9 Economic comparative advantage

21.9.1 Revealed comparative advantage

Revealed comparative advantage (RCA), also known as the Balassa index, is a trade index used to analyze the compara-

tive advantage or disadvantage of a certain country in producing and exporting a product or service. The Balassa index

is based on Ricardo’s theory that countries allocate their resources to produce products in which they have comparative

advantages. Therefore, a product with a larger share in a country’s exports has a comparative advantage for that

country.

The RCA compares a country’s export pattern relative to the world. The RCA of a country for a given product is:

RCAij 5

XijPm

j51
Xij

� �
Pn

i51
XijPn

j51

Pm

j51
Xij

� � (21.7)

where X is exports, i denotes the country, j denotes the product, m is a set of countries, and n is a set of commodities.

Comparative advantage is revealed when RCA .1.

The Balassa’s index has been used in many studies (Amirnezhad and Alipour, 2013; Mehrabadi-Basharabadi and

Pourmoghadam, 2012) to calculate the comparative advantages of a country’s products.

21.9.2 Policy analysis matrix

The theory of comparative advantage developed by David Ricardo (Ruffin, 2002) indicates that a country will reach

higher economic growth by promoting industries in which it has the greatest comparative advantage. Comparative

advantage is present if a country produces goods and services that have a low opportunity cost. It shows if the benefits

of producing a good or service outweigh the costs.

The comparative advantage of a particular product can be analyzed using the PAM in which two sets of prices, pri-

vate and social, are considered. Private prices are determined by the market; indeed, traders face private prices directly

in the market. Social prices are opportunity costs for outputs and inputs, so they reflect externalities from production.

International prices are normally thought of as social prices (unless there are externalities), but domestic resource values

are determined in local markets. A PAM, shown in Table 21.4, can be used to analyze economic comparative advan-

tage, efficiency of using production inputs, and differences between social and private costs.
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Yields, inputs, output, and market and social prices of inputs and outputs are the main information required to calcu-

late a PAM. Table 21.5 presents the average amount of inputs consumed for 1 ha of saffron located in theTorbat-e-

Heydarieh region (Nezamoleslami, 2018).

The determination of social prices is the most important part of PAM calculations. To estimate social costs, the

study (Nezamoleslami, 2018) divided inputs into tradables, such as machinery, herbicide, fertilizer, and corm that can

be exported or imported, and nontradables, such as labor, land, and water that cannot be exported or imported. For trad-

able inputs, cost, insurance, and freight (CIF) prices are used as social costs, and an opportunity cost (the highest market

price) is used for nontradable inputs. The fob (free on board) price of saffron is used for social income (Table 21.6).

Fig. 21.13 shows the market and social (shadow) prices for each input used to produce saffron.

Table 21.7 shows a PAM estimated for saffron production in Torbat-e-Heydarieh in 2017.

During a 7-year cycle of saffron cultivation, the income earned for 1 ha based on shadow prices is 217,500,000,

which is 21,750,000 rials more than the market income for the same amount of saffron. This implies that there

is an implicit 10% tax on saffron production because market prices in Iran are lower than international prices

for saffron.

TABLE 21.4 Policy analysis matrix.

Values Revenue Cost Profit

Tradable inputs Domestic inputs

At private prices A B C Da

At social prices E F G Hb

Differences Ic Jd Ke Lf

aPrivate profits, D5A2 (B1C).
bSocial profits, H5 E2 (F1G).
cOutput transfers, I5A�E.
dInput transfers; J5B�F.
eFactor transfers, K5C�G.
fNet policy transfers, L5D�H.
Source: Data from Monke, E.A., Pearson, S.R., Akrasanee, N., 1976. Comparative advantage, government policies, and international trade in rice. Food Res.
Inst. 15 (2), 1�27.

TABLE 21.5 Inputs consumed and output produced during 1 year (per hectare).

Input Average Input Average Input Average

Nitrogen fertilizer (kg) Micronutrient (L) Corm (tons)/seeder (h)

First year 115.78 First year 1.82 Corm (first year) 7.55

Second and years after 119.29 Second and years after 0.85 Seeder (first year) 11.54

Phosphorus fertilizer (kg) Herbicide (L) Tillage (h)

First year 78.07 First year 0.72 Second and years after 14.85

Second and years after 79.82 Second and years after 0.71

Potash fertilizer (kg) Labor (person) Irrigation (h)

First year 83.33 First year (person) 77 Each year 5.94

Second and years after 87.71 Second and years after 177

Manure (tons) Fossil fuel (L) Yield (kg)

First year 29.01 Second and years after 199.38 Yearly except the 1th year 7.21

Second and years after 13.23

Source: Data from Nezamoleslami, A., 2018. The Comparative Advantage of Saffron Production in Khorasan Razavi Province with Regard to Greenhouse
Gas Emissions. Case Study: Torbat-e-Heydarieh Region (M.Sc. thesis). Ferdowsi University of Mashhad, Iran (in Persian).
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For nontradable inputs, the difference between market prices and shadow prices is Rs 40,200,000, indicating that

saffron producers receive an indirect subsidy for nontradable inputs. Thus government programs and policies reduce pri-

vate production costs by 68%.

The value of tradable inputs calculated based on market prices is Rs 426,626, which is less than the value based on

social prices. This indicates that saffron producers are receiving a subsidy of about 2% on tradable inputs.

According to the profit calculations, producing saffron is profitable at both market prices (Rs 81,449,439) and

shadow prices (Rs 62,572,813). Since the profit at market prices is greater than the profit at shadow prices, there is a

net subsidy to saffron producers.

The PAM provides three indicators of comparative advantage: Nominal Protection Coefficient (NPC), Effective

Protection Coefficient (EPC), and Domestic Resource Cost (DRC). In the next section, we present the comparative

advantage indices obtained by our study and the results from other studies.

TABLE 21.6 Income, the cost of tradable and nontradable inputs at shadow, and market price for a hectare of saffron

farm (in dollars).

Items Unit Market Shadow

Income 1 kg of saffron 375 416.67

Tradable inputs

Rental of machinery Used during a year 4.02 40.43

Nitrogen fertilizer Used during a year 8.10 10.95

Potash fertilizer Used during a year 0.01 17.04

Phosphorus fertilizer Used during a year 11.57 13.93

Micronutrient Used during a year 8.65 10.25

Herbicide Used during a year 0.79 8.97

Manure Used during a year 141.59 141.59

Saffron corm Used in the first year 262.35 262.35

Nontradable inputs

Labor Used during a year 293.8 536.46

Rental of land Used during a year 224.63 356.73

Irrigation Used during a year 312.35 490.87

Source: Data from Nezamoleslami, A., 2018. The Comparative Advantage of Saffron Production in Khorasan Razavi Province with Regard to Greenhouse
Gas Emissions. Case Study: Torbat-e-Heydarieh Region (M.Sc. thesis). Ferdowsi University of Mashhad, Iran (in Persian).

FIGURE 21.13 Input prices at market and social levels (dollars

per hectare). Data from Nezamoleslami, A., 2018. The

Comparative Advantage of Saffron Production in Khorasan

Razavi Province with Regard to Greenhouse Gas Emissions.

Case Study: TTorbat-e-Heydarieh Region (M.Sc. thesis).

Ferdowsi University of Mashhad, Iran (in Persian).
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21.9.3 Nominal protection coefficient

The NPC is the ratio of domestic price to social price. The domestic price can be a farm-gate price, while the social

price is the international price adjusted for transportation, marketing, and processing costs. This indicator measures

external policies including tariffs, subsidies, or other distortions causing a divergence between the two prices. For a

given good, an NPC with a value higher than one shows that national policies push the domestic price higher than the

international price. On the other hand, an NPC less than one indicates that national policies reduce the market price

compared to its international price.

The indicator can be calculated for both inputs (NPCI) and outputs (NPCO). The NPCI addresses how much the

domestic prices of inputs differ from their social prices. If the domestic input cost is higher than the international price

(NPCI. 1), there is net taxation. If the domestic input cost is lower than the international price (NPCI, 1), there is net

subsidization. The NPCO can be analyzed in the same way; an NPCO. 1 implies subsidization (private price above

social price for output) and an NPCO, 1 implies taxation.

In our study, the NPCI is estimated at 0.99. The index was estimated at 0.53 by (Najarzadeh et al., 2010). Both

results indicate that farmers receive subsidies for their production factors. The NPCO was estimated at 0.9, and was

0.62 from Aghai and Rezagholizadeh (2011), indicating that the international price of saffron is higher than the domes-

tic market price, and therefore saffron production is taxed indirectly.

21.9.4 Effective protection coefficient

The EPC is a relative comparison of value added in private cost (A�B in Table 21.5) to value added in social cost

(E�F in Table 21.5).

EPC5
A2B

E2F
(21.8)

The EPC shows the impact of protective policies on input and output prices, and reveals the level of protection for

the value added. If the EPC is higher than one (EPC. 1), the value added at market price is higher than it would be at

social cost, so the domestic market is protected. If the EPC, 1, the domestic market is taxed, so producers are

discouraged.

In our study, we estimated EPC at 0.89, while Najarzadeh et al. (2010) estimated saffron’s EPC at 0.63. Both results

show that saffron production is not protected, but taxed, so policies are discouraging producers.

21.9.5 The domestic resource cost

The DRC is the most useful and common indicator to analyze economic comparative advantage for agricultural com-

modities. The indicator is computed using the ratio of nontradable factors used to produce the output per unit of trad-

able value added:

DRC5
G

E2F
(21.9)

TABLE 21.7 Policy analysis matrix for saffron crop, rials per hectare, for a 7-year period, Torbat-e-Heydarieh, 2017.

Value Income Costs Profit

Tradeable inputs Nontradable inputs

At market price 195,750,000 29,943,544 84,357,018 81,449,439

At shadow prices 217,500,000 30,370,170 124,557,018 62,572,813

Deviations 2 21,750,000 2 426,626 2 40,200,000 18,876,626

Source: Data from Nezamoleslami, A., 2018. The Comparative Advantage of Saffron Production in Khorasan Razavi Province with Regard to Greenhouse
Gas Emissions. Case Study: Torbat-e-Heydarieh Region (M.Sc. thesis). Ferdowsi University of Mashhad, Iran (in Persian).

352 SECTION | V Economy and trade of saffron



The DRC shows the shadow value of nontradable factors per unit of tradable value added. The rationale for using

DRC is that there are commonly many domestic distortions in input markets. If DRC. 1, the use of domestic resources

is not socially profitable. If DRC, 1, domestic resources are socially profitable.

The DRC of producing saffron on farms located in the Khorasan Razavi and Southern Khorasan is estimated at

more than 0.8 (Aghai and Rezagholizadeh, 2011; Karbasi and Rastegaripour, 2014; Najarzadeh et al., 2010), indicating

that generating one unit of income from the international market costs about 0.8 units. In Table 21.5 the DRC of pro-

ducing saffron in Torbat-e-Heydarieh is estimated at 0.67. This implies that Iran has a comparative advantage in pro-

ducing saffron.

21.9.6 Based on unit costs

The UC is an alternative to DCR in which all costs are considered and the classification error of the DRC is avoided

(Masters and Winter-Nelson, 1995). The indicator is:

UC5
F1G

E
(21.10)

A UC, 1 shows that the production process generates a surplus over costs and a UC. 1 indicates that the produc-

tion process is not profitable.

The UC for the Khorasan Razavi and Southern Khorasan were estimated at 0.88 (Aghai and Rezagholizadeh, 2011;

Najarzadeh et al., 2010). For the area we studied (Torbat-e-Heydarieh presented in the Table 21.5), the UC was esti-

mated at 0.71. Both results imply that saffron production is profitable at current social prices.

21.10 Some economic advantages of saffron production

Small-scale production: An important economic advantage of producing saffron is the possibility of planting on a small

scale. The crop can be produced easily under land constraints. In this regard, farmers can cultivate saffron in spaces

among trees for more productive use of water and land.

Employment opportunities: Saffron is a labor-intensive product and is dependent on manual work, like handicrafts.

The saffron harvest is similar to making handicrafts in that it uses only labor to extract the stigma from the flower. In

general, saffron production requires 200�205 man days per hectare. Wheat, barley, and vine crops require 32, 69, and

58 man days per hectare, respectively (Monazam-Esmaeilpour and Kordovani, 2010). Of the total labor required for saf-

fron production, 10% is needed for the planting stage, 25% for the cropping stage, and 65% for the harvesting stage.

Saffron production provides a great wage/work opportunity for females. The employment opportunities in saffron culti-

vation have moved areas that have great potential for other crops toward production of saffron. There are also many job

opportunities in the agribusiness sector beyond the harvesting stage to the final sale and even export for saffron.

Product processing and the production of quality packaging are among the most important issues that must be addressed

if the agribusiness sector is to expand for saffron. Considering the importance of saffron in the world market, and the

employment needs in rural Iran, improved saffron production and marketing can generate many employment

opportunities.

Nonadvanced equipment and facilities: Saffron cultivation does not require sophisticated machines and equipment.

This makes it possible for most farmers, even those with low income and little financial capital, to produce saffron.

Since saffron production generates more income compared to other agricultural products with limited investment, the

expansion of saffron production has the potential to reduce poverty. However, when the cultivated area expands beyond

the market demand, competition may change these results, so producers must keep in mind that large increases in pro-

duction may lower price.

21.11 Conclusion

Saffron is a unique crop with a very high economic value compared with the other agricultural products. Its price is

mainly affected by climatic conditions, in particular drought spells, and global economic factors such as economic cri-

sis. Political and environmental factors have only a small influence on the saffron trade. However, the usable yield

(e.g., the part of product that is used for human purposes, mainly stigma) in terms of energy or amount of production is

very low. Due to the high price, productivity of the inputs used in production is very high. Saffron has a comparative

advantage in regions with water shortage, nonadvanced agriculture, and low labor wage.
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