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low-skilled workers in Lima were able to cover their basic needs in 1800-1875. The results also show
that living standards of low-skilled workers declined during the Guano Era. Living standards in Lima,
however, compared favorably to several cities in Europe.
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Resumen. Este estudio se basa en un modelo de programacion lineal para estimar ratios de bienestar en
Lima en el siglo xix. Usando un modelo de programacion lineal, la canasta de alimentos garantiza el con-
sumo de nutrientes bdsicos al minimo costo. El costo de subsistencia incluye el costo de los alimentos y
otras necesidades bdsicas. Las estimaciones muestran que trabajadores poco calificados en Lima pudieron
cubrir sus necesidades bdsicas en 1800-1875. Los resultados también muestran que los niveles de vida de
los trabajadores poco calificados disminuyeron durante la Era del Guano. Los niveles de vida en Lima, sin
embargo, no eran bajos en comparacién con varias ciudades de Europa.
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INTRODUCTION

In the last years, several studies have focused on the standards of living in Latin America. Informa-
tion on real wages and height suggests that living standards in many parts of Spanish America com-
pared favorably to Europe in late colonial times (Dobado-Gonzilez and Garcia-Montero, 2014).
In the 19th century, real wages improved in some Latin American economies and remained or
declined in others.! There were important differences in living standards within Latin America;
Argentina, for instance, had higher living standards than other cities in the region.”

Peru in the 19th century constitutes an interesting study case of living standards. Peru was
one of the main commercial and economic centers in the Americas in colonial times. After Inde-
pendence, Peru remained an important economy in the region. In the first decades of the 19th
century, political instability affected the economy. The economic situation of Peru changed in
the mid-19th century. In the 1850s and 1860s, Peru experienced a commercial boom due to the
exportation of guano. The Guano Era was in fact one of the periods of fastest export growth in
Latin America. The expansion of foreign trade led to the expansion of the economy in several
regions of Peru, especially on the coast.

Could Limenians cover their basic needs in the 19th century? How did living standards evolve
during this period? Did low-income families experience an improvement in living standards dur-
ing the Guano Era?

Some studies suggest that low-income families in Lima did not increase their living standards
during the Guano Era. For instance, Twrdek and Manzel (2010) indicate that height (proxy for
nutrition) did not change during this period in spite of the economic bonanza. Other studies
suggest that low-skilled workers could cover their basic needs, but experienced a decline in living
standards during the Guano Era (Arroyo-Abad, 2014; Zegarra, 2020a).

I'Some of the studies on living standards in Latin America are Challi & Gémez-Galvarriato (2015), Gelman and

Santilli (2018), Arroyo-Abad (2014, 20138), Zegarra (2020).
2 For estimates of welfare ratios for Argentina, see Gelman and Santilli (2018).
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Welfare ratios constitute a useful indicator to determine the capacity of families to cover their
basic needs. The welfare ratio is calculated as the ratio between total family income and the cost
of subsistence.? The cost of subsistence (also known as poverty line) is the cost of basic needs,
such as food, clothing, fuel, housing, among others. If the welfare ratio is higher than 1.0, families
are able to cover their basic needs.

Two methods can be employed to estimate the subsistence food basket and welfare ratios. One
of those methods consists of using historical diets to determine the composition of the subsistence
basket. In this case, welfare ratios are consistent with consumption habits. A potential weakness
of relying on historical diets is that habits could vary across people and over time; so choosing a
particular diet may be arbitrary and may introduce biases in the estimation of welfare ratios. An
alternative methodology to estimate welfare ratios consists of using a linear programming model.
Linear programming can be used to estimate the least-cost food basket that guarantees a minimum
intake of important nutrients. Linear programming has been recently used for the estimation of
welfare ratios in several economies (Allen, 2017, 2020; Zegarra, 2021). This method is useful
to determine theoretically the food basket that a family must consume in order to ingest basic
nutrients at the lowest possible cost. A potential weakness of the method is that families do not
necessarily count with complete information on prices and nutrients and do not rely on a mathe-
matical tool for the selection of their diets.’

Two studies have estimated welfare ratios for 19th century Lima. Like most historical estima-
tions of welfare ratios, Arroyo-Abad (2014) relied on historical diets to estimate welfare ratios. In
another study, I relied on a linear programming model to estimate the cost of food, but assumed
that the composition of the food basket was not very different from 1860s diets (Zegarra, 2020a).
Importantly, both studies assume that people should ingest at least minimum quantities of calories
and proteins. A balanced-nutrition diet, however, should also include other nutrients, such as fat,
iron and vitamins.

In this study, I estimate welfare ratios for low-skilled workers in 19th century Lima using an al-
ternative methodology. I use a linear programming model and assume that the food basket should
guarantee the intake of calories, proteins, fat, iron and some basic vitamins at the lowest possible
cost. I do not assume that the food basket should be close to historical diets. I add expenses on
fuel, clothing, housing and other basic goods in order to calculate the cost of subsistence. I then
estimate the welfare ratios of low-skilled workers as the ratio between the family income and the
cost of subsistence. The results of the linear programming model show that the least-cost food
basket was composed of a large quantity of chickpeas, in addition to potatoes and mutton.

The estimates show that the welfare ratio in Lima was usually above 1.0. Low-skilled workers
earned enough to cover the basic needs of their families. However, living standards declined during
the Guano Era. Living standards were then negatively correlated with economic growth, at a time
of increasing terms of trade and immigration of chinese workers. This result is consistent with the

3 When analyzing short-term differences in welfare ratios, one must take the results with caution. Welfare ratios may
be more helpful when analyzing long-term or large differences in living standards across cities or countries. Other two
methods can be used to analyze living standards. One could determine whether the actual intake of nutrients allow
people to cover their basic nutrition needs, using information on actual diets. Alternatively, one could study biological
measures of living standards. Height, for example, could be used to determine living standards. As Lépez-Alonso
(2016) indicates, there are several reasons to study biology measures of living standards. One of them is the lack of
national statistics of other indicators of living standards. In addition, biological measures are useful to determine the
inequalities of living standards and their evolution in the long run.

1 Families are not cost minimizers in the linear programming sense.
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findings for other countries in Latin America: the evidence for the region suggests that if economic
growth is associated with an increase in terms of trade and massive immigration, real wages may
decline. Nevertheless, in spite of the decline in real wages during the Guano Era, low-skilled
workers in Lima in the mid-19th century were not poorer than some of their Western European
counterparts. Although living standards in Lima were below those in London, the welfare ratio in
Lima was similar to the ratios in Amsterdam, Paris and Strasbourg in the 19" century.

HisTORICAL BACKGROUND

Peru has always been an economy in rich natural resources. The country has abundant mining
resources in the highlands and rich valleys on the coast. Historically, Peru has exported natu-
ral resources. In colonial times, most of Peruvian exports were minerals and agricultural prod-
ucts. Among minerals, Peru’s main export was silver. The country also exported agricultural
products, such as sugar and bark. After Independence, Peruvian exports were also natural re-
sources. From the late 1840s, Peru exported guano, entering into the Guano Era. In the 1870s, ni-
trates increased in importance. Sugar and cotton were also important exports in the 19th century.
The importance of the Peruvian export sector varied across regions. In the northern highlands,
most of the southern highlands and in the jungle, mining had a limited scope and most agriculture
was not destined to exportation. Exports came primarily from the coast and the central highlands.
By the mid-19th century, Lima had around 100 000 inhabitants. Lima was the largest city of
Peru, a country of 2 000 000 inhabitants. Limenians conducted a variety of activities. In 1858,
low skilled workers represented around 40% of the labor force (Zegarra, 2020a); among them,
servants, launderers, cooks, laborers and mailmen were relatively important. In addition, artisans
accounted for 25% of the labor force of Lima and merchants for 15%. The State employed around
12% of the labor force of Lima, including military personal and bureaucracy. Some people worked
in nearby chakras, but they represented a minor proportion of the labor force of Lima (only 1%).
The Peruvian economy experienced important changes during the 19th century. In the 1820s,
Independence wars affected the export sector. Exports of minerals fell between 1795 and 1830.
Civil wars hit the country following Independence. Civil wars were frequent in 1825-1845 (Tan-
taledn, 2011). The Presidency changed 18 times between 1830 and 1845. Evasion, low levels of
economic activity and civil unrest contributed to the limited capacity of the State to collect taxes.
The political and economic situation of the country dramatically changed from the mid-
1840s. Civil wars were less frequent and governments were more stable. In addition, Peru started
the exportation of guano from the late 1840s (Hunt, 2012). The export sector increased rapidly
in the following years. In particular, the value of exports increased from 9 000 000 dollars in
1850 to 81 000 000 in 1860 and 50 000 000 in 1870 (Zegarra, 2018). Economic activity in
Lima expanded. The credit market of Lima increased during the Guano Era (Camprubi, 1957):
credit remained below 500 000 dollars in 1835-1845, but then increased to nearly 2 000 000
dollars in 1855 (Zegarra, 2016).

NUTRITION IN 19TH CENTURY PERU

Peruvians consumed a variety of foods in the 19th century. Some people consumed much meat
and bread, whereas others consumed large quantities of maize, legumes and tubers.
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In Lima, bread, meat, maize and tubers were widely consumed. In 1839, the annual consump-
tion of an average Limenian included around 115 kg of bread, 67 kg of meat, 55 kg of maize, 43 kg
of tubers (potatoes, sweet potatoes and yucas), among other items (see table 1). In the late 1860s,
the annual diet of artisans in Lima was composed of almost 170 kg of meat, more than 100 kg of
bread, 63 kg of rice, 42 kg of beans, in addition to lard, sugar and other items. Soldiers consumed
similar quantities of meat, bread and beans as artisans, but far more tubers, more noodles and less
rice. Convicts also consumed large quantities of meat and bread; in addition, they consumed far
more potatoes than artisans and soldiers.”

The consumption of meat in Lima was relatively large for international standards. For in-
stance, in modern Europe, a respectable diet of laborers included around 26 kg of meat per year
(Allen, 2001). The high consumption of meat in Lima could be explained by a relatively low price
of meat. Meat was indeed relatively cheap in Lima compared to London. In 1800-1850, one
kilogram of beef in Lima cost around 2.5 times a kilogram of maize, the cheapest source of calo-
ries. In London, in the same period, one kilogram of beef cost around five times a kilogram of oats
or barley, the cheapest sources of calories. Certainly, relative prices are not the only possible factor
behind the large consumption of meat: one could also argue that living standards in Lima were
relatively high.

In the highlands, the diet was different. It seems Indigenous people in Peru rarely consumed
meat. Hill (1860), for example, indicated that people in Cuzco (in the Southern highlands of Peru)
rarely ate meat more than once a week; and, on the rest of the week, their diets were primarily
composed of maize and barley.® In the late 1860s, laborers in the highlands consumed meat,
but their diets were largely composed of maize. Potatoes, legumes and bread were also important
items in their diets.

Diets varied according to economic level and social status. As expected, low-income families
consumed smaller quantities of meat and other expensive sources of calories than medium-or
high-income families. All over the coast, coolies did not consume as much meat as artisans;’
instead, they consumed more rice and legumes. Slaves consumed large quantities of potatoes.
Laborers in the highlands also consumed large quantities of potatoes and maize.

5 Travelers’ accounts also provide information on consumption habits. According to traveler Johann von Tschudi
(1842), in Lima sancochado was the typical dish for breakfast and puchero was common for dinner. Sancochado was
prepared with mutton, yucas and potatoes, whereas puchero was prepared with beef, pork, ham, sausage, poultry, cab-
bage, yucas, sweet potatoes, potatoes, rice, peas, maize and bananas. Outside the city, in Chorrillos, “they [Indians]
subsist on fish and maize, and the sugar cane, of which there are some plantations in the neighborhood” (Mathison,
1825, p. 279).

6 Hill (1860, vol. 1, p. 259).

7 Artisans were usually not rich, but probably had higher living standards than coolies.
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Did Peruvians and, in particular, Limenians consumed enough nutrients for a healthy life?
To answer this question, I rely on the nutrients’ requirements for a healthy life and the chemical
composition of foodstufls. People require calories and proteins for survival. In addition, people
require fat, iron and vitamins for a balanced nutrition. Requirements of nutrients depend on
age, height, weight and type of occupation. Calorie requirements partly depend on weight. 1
assume a weight of 55 kg for adult men and 50 kg for adult women.® I also assume a daily energy
requirement of 2.2 BMR for men and 1.8 BMR for women, which implies heavy work for men and
moderate work for women. A man of 18-30 years of age would then need 3 300 kcal calories
per day, and a woman in the same age range would need 2 200 kcal calories per day.” Following
Allen (2017), I rely on Indian dietary requirements of proteins, fat, iron and vitamins (Rao, 2009).
Since Indian dietary requirements are calculated assuming a weight of 60 kg for men (only slightly
more than the weight of Limenians), those requirements may be close to the nutrition needs of
19th century Limenians. Therefore, in addition to 8 300 kcal calories, a male adult would require
60 g of proteins, 38 g of fat, 17 mg of iron, 1.7 mg of thiamine, 21 mg NE of niacin, 1 ug of
vitamin B12, 200 ug of folate and 40 mg of vitamin C per day.

Information on the chemical composition of foodstuffs comes from several sources.'” I adjust
the information from the composition tables to obtain the actual consumption of nutrients per
purchased kilogram of food. In particular, I take into account that some portions of the foods
were discarded. Indian dietary requirements take into account the loss of nutrients during cooking
(Allen, 2017; Rao, 2009).

Let us analyze whether Limenians obtained enough nutrients for a healthy life. In the late
1830s, Limenians did not consume enough calories. On average, a male adult consumed 2 700
kcal calories per day. This amount was below the daily requirement of 3 300 kcal calories for
hard work. In the late 1860s, some consumed enough calories. Artisans, for instance, obtained
15% more calories than needed. Soldiers and convicts also covered their requirements of calories.
Coolies, slaves and laborers in the highlands, however, consumed fewer calories than required. For
some people, other nutrients were not ingested in sufficient quantities. For instance, slaves did not
consume vitamin B12, because of the lack of meat in slaves’ diets (as reported by contemporary
accounts). Some diets were also deficient on vitamin C.

Therefore, our calculations suggest that diets varied across locations and occupations and that
not all Peruvians satisfied their nutrition needs. Nevertheless, one must be cautious about these
calculations. The information on diets is scattered. I do not count with detailed information about
the diets of Limenians. For 1839, I estimated the average consumption of foods in Lima. For
that year, however, it is not possible to determine how diets varied across Limenians. There is
information on the diversity of diets in Peru for some occupations for 1869, but not for other
years.

In the following sections, I opt for a different method to determine whether Limenians were
able to cover their basic needs. In particular, I estimate welfare ratios.

8T do not have information on weight of Limenians. I rely on information about height. The height of an average male
adult in Peru was around 1.60-1.65 m (Twrdek and Manzel, 2010). For a height of 1.63 m, a weight of 55 kg would
imply a BmI of 20.7, reflecting a normal weight.

9 For pre-1900 Europe, Allen (2009) assumed that an adult man would need less than 2 000 kcal/day of calories.
Humphries (2013), however, challenged such assumption.

10 See the appendix for a further discussion of the sources and methodology to obtain the chemical composition of
foodstufls.
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ESTIMATING THE COST OF A BALANCED-NUTRITION DIET

In the last two decades, a large number of studies have estimated welfare ratios in order to de-
termine the capacity of workers to cover the basic needs of their families. The welfare ratio is
calculated as the ratio of total family income divided by the cost of subsistence, where the cost
of subsistence includes the cost of food and other basic expenses. If the welfare ratio is greater
than 1.0, then the family income is higher than the cost of subsistence. If the welfare ratio is
less than 1.0, then the family income is lower than the cost of subsistence.

Methodology to estimate the food basket

To estimate the cost of food, one needs to assume the composition of the food basket at subsis-
tence levels. Most studies usually rely on historical diets in order to estimate the cost of food of
low-income families. Historical diets constitute valuable information on consumption patterns.
Relying on historical diets to estimate the cost of subsistence, however, may be problematic. One
potential problem is that historical accounts usually do not provide information on all types of
diets, but only on an average diet. Using an average diet for a long period may overshadow the
differences in diets over time and so bias the results. On the other hand, when comparing living
standards across countries, it is not clear which food baskets should be used. Using the same basket
for all countries may not account for the differences in relative prices and habits. Assuming differ-
ent diets, however, also involves challenges: it would be hard to determine whether the different
baskets are comparable.!!

In addition, one must be careful about the content of nutrients in historical diets. If the con-
sumption habits in the past did not grant the intake of all necessary nutrients for a healthy life,
then one must necessarily adjust those diets. Diets with excessive nutrients may be also problem-
atic: diets with excessive calories may be relatively expensive. By using an over-expensive food
basket, one may reach the incorrect conclusion that wages were not high enough to cover the basic
nutrition needs of low-income families.

Foodstufls vary on the composition of nutrients. Some items provide many calories. Others
provide many proteins and vitamins. Foodstuffs also vary on price. For instance, meat was far
more expensive than maize and tubers in 19th century Lima. Considering the differences in prices
and in the chemical composition of foodstufls, it is not clear which basket would be the cheapest
form of ingesting all necessary nutrients. Should the subsistence basket include maize and meats?
Should it also include legumes and potatoes?

Linear programming can be very useful to estimate the composition of the subsistence food
basket. By using a linear programming model, one can determine the quantities of foodstuffs that
minimize the cost of food subject to restrictions on nutrients’ intakes.

I use a linear programming model to determine the least-cost food basket of Lima in the 19th
century. | assume that Limenians could consume the following items: wheat bread, maize, rice,
noodles, quinoa, common beans, chickpeas, butter beans, potatoes, beef, mutton, chicken, lard
and sugar.'? I only rely on these goods because of the availability of price information. Limenians
could have also consumed other goods, but information on prices of other goods is scattered.

' In fact, Lépez-Losa and Piquero-Zarauz (2021) argue that much of the cross-country differences in welfare ratios

could be explained by the selection of the food basket.
21 do not include fish due to lack of price information. Including fish could potentially increase welfare ratios.
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The linear programming model can be expressed as follows:

N

Min piqi
{0}5 Z o

=1

subject to
N
K
Z ajqj 2 FL
=1

quO

where Z}/'\;l 2jqj is the total cost of the food basket, NV is the number of items in the food basket, p; is
the price of good j per kilogram, and ¢; is the consumed quantity of good j in kilograms. I impose
K restrictions on nutrients. In those restrictions, aj is the quantity of nutrient £ in a kilogram of
productj(k=1,2,.,K), F kl‘ is the minimum quantity of nutrient £ for a healthy nutrition.

Following Allen (2017, 2020), I calculated the requirements of nutrients for an average per-
son. To do so, I relied on the distribution of the population for Lima from the Census of 1876.
Requirements of calories come from rao (1985); requirements of other nutrients come from
Rao (2009). Then an average person in 19th century Lima would need at least 2,538 kcal calories,
52 g of proteins, 33 g of fat, 19 mg of iron, 1.8 mg of thiamine, 16 mg NE of niacin, 0.7 ug of
vitamin B12, 183 ug of folate and 41 mg of vitamin C per day.

Linear programming is not exempted from criticism. The optimal basket may not reflect con-
sumption habits, and habits may be hard to change. In addition, families do not necessarily count
with complete information on prices and nutrients. Families also do not rely on a mathematical
tool such as a linear programming model when selecting their diets. For low-income families,
however, relative prices may play a key role (Allen, 2017).

Rather than stating that a linear programming model is superior to using historical diets, I ar-
gue that both methodologies are complementary. Each method has advantages and disadvantages.
When using historical diets, welfare ratios are useful to determine the capacity of families to cover
their actual consumption habits. When using linear programming, welfare ratios are useful to de-
termine whether the incomes of families could have granted their basic needs, including having a
balanced-nutrition diet.

The balanced-nutrition basket

I rely on the linear programming model to estimate the composition of the food basket. I assume
p;j is equal to the median prices in 1800-1873 for each product in Lima. I take into account the
requirements of calories, proteins, fat, iron, thiamine, niacin, vitamin B12, folate and vitamin C.
I call the optimal basket the “balanced-nutrition basket” or simply BN basket.

Table 2 reports the balanced-nutrition basket for an average person. The basket is composed of
239 kilograms of chickpeas, 15 kg of potatoes and 17 kg of mutton per year. The basket satisfies all
restrictions. The binding constraints are those for calories, vitamin B12 and vitamin C. Chickpeas
have a large participation in the food basket. This result is not surprising: at median prices of 1800-
1878, one gram of silver on chickpeas yielded 2 248 kcal calories, much more than one gram of

e
a Am. Lat. Hist. Econ., 28(3), 2021, 1-32. e-ISSN-2007-3496



Zegarra, L. F. / Economic growth, nutrition and living standards in 19th century Lima. .. 11

silver on other foodstuffs. Chickpeas also provided more proteins, iron, thiamine and folate per
gram of silver than other foodstuffs. Meanwhile, the selection of mutton can be explained by the
provision of vitamin B12: one gram of silver on mutton provided 8.8 ug of vitamin B12, whereas
one gram of silver on beef provided 2.6 ug of vitamin B12.

Figure 1 depicts the evolution of the cost of the balanced-nutrition food basket per day. The
daily food cost for the average person was around one gram of silver in the 1800s. It then increased
during Independence wars, surpassing 1.9 grams of silver in the late 1810s. After Independence,
the daily cost of food declined to 1.2 grams of silver in the early 1830s. It remained around one
gram of silver in the late 1840s and early 1850s. During the Guano Era, however, the food cost
increased. In the early 1870s, the daily cost of food was around two grams of silver per day.

I calculated a single food basket for the entire period of 1800-1878 using median prices for
this period. Food baskets, however, could have changed in response to changes in prices over time.
Are there differences in the food cost when allowing food baskets to change over time? To answer
this question, I estimate the food basket for each decade, using the median prices of each decade.'?
Our estimates show that changes in the food basket do not affect the food cost significantly (see
figure 1). The main differences in the cost of food between the fixed basket and the changing
baskets refer to the late 1810s, late 1830s and early 1840s. Even then, however, the differences in
the food cost were not large.

Let us compare the balanced-nutrition food basket (BN basket) and the baskets from Gooten-
berg (1990), Arroyo-Abad (2014) and Zegarra (2020), which partly rely on historical diets (see
table 3). Those studies report food baskets for a male adult; for comparison purposes, I converted
those baskets to baskets for an average person. Gootenberg (1990) relies on historical diets to
estimate a price index for Lima. Gootenberg’s food basket was not a subsistence basket but was
supposed to reflect the consumption habits of artisans. The basket for an average person is com-
posed of more than 80 kg of bread and around 130 kg of meat per year. This basket is also
composed of dozens of kilograms of rice and beans per year. The basket was very expensive: at
median prices of 1800-1873, it would cost around 8.2 grams of silver per day, equivalent to 2.5
times the cost of the BN basket. Other studies assume that the food basket was similar to 19"
century consumption habits (Arroyo-Abad, 2014; Zegarra, 2020a). Those baskets were more
expensive than the BN basket, but cheaper than Gootenberg’s basket.'*

13 Alternatively, one could calculate the geometric mean of relative prices to take into account the effect of relative
prices on consumption (Allen, 2001). When using the geometric mean, the series of the cost of food is practically
the same as the original cost of the fixed basket.

14 On the other hand, the three historical baskets only satisfy some of the nutrients” requirements imposed in our
balanced-nutrition linear programming model. The estimates of Arroyo-Abad (2014) and Zegarra (2020) rely on
the traditional assumption that an adult should consume at least 1 900 kcal/day. The BN linear programming model
in this study imposes higher restrictions on calories. In addition, this study imposes restrictions on fat, iron and
vitamins.

e
a Am. Lat. Hist. Econ., 28(3), 2021, 1-32.

e-ISSN-2007-3496



12

Zegarra, L. F. / Economic growth, nutrition and living standards in 19th century Lima. ..

e'16 605 605 GGy GGy 605 691 605 ¢05 AN Sw UDEIN
7' 9'G 9'G G G 9'% 58 9% 9'G Sw wery
Gve 669 669 €09 €09 666 Ly G'6¢ G'6¢ Sw uoly
9'¥¥ 8'1¢ 8'1¢ LG8 LG8 8'1¢ 9'9¥ 8'1¢ 8'1¢ 3 ey
¢8I e5el 868l 7861 7861 868l ¢¥6 868l 868l 8 Su1)01J
880G £'880G €880CG 880G 880G 988G 988¢G £88¢G €'88¢5 [eoy SILIO[E))
Ac% A STUILLINNT
96'T 86'G 05’1 80'1 68’1 Vel L8'T L6°0 651 (p 4od 4oapis fo
véax;@ %%\ \c 1507)
0 0 0 0 0 0 0 0 0 8y reSns aypp
0 0 0 0 0 0 0 0 0 8 pae]
0 0 0 0 0 0 0 0 0 8 uaPIY)
891 891 891 891 891 891 891 891 891 8 uonnjy
0 0 0 0 0 0 0 0 0 8 Joog
0 ¢l ¢l 1'9¥ 9% ¢l ¥'8¢1 ¢l ¢l 8 $201810]
1'69 0 0 0 0 0 0 0 0 8y sueaq 1onng
7881 7'685 7'686 8'6L 8°6L 7'685 0 7'685 7'685 8y seadyoryp
0 0 0 9'081 9'081 0 0 0 0 8 sueaq]
0 0 0 0 0 0 L1G 0 0 2| eoumg)
0 0 0 0 0 0 0 0 0 B2 SI[POON
0 0 0 0 0 0 0 0 0 2| ERIN|
0 0 0 0 0 0 0 0 0 8 ozZIR]\
0 0 0 0 0 0 0 0 0 8 peaiq
ADaf 4od
uonqunsuo,)
§/81 6981 6981 6+8L 6881 6381 6ISI 6081
0481 -0981 -0981 -0F81 -0881 -0381 -018I -0081
.&m&w@% N%Smg @&w@% %m.ﬁ.w mw

LISV AOOA NOLLIILAON-AIDNVIVL "6 A'1dV.L

e-ISSN-2007-3496

e
a Am. Lat. Hist. Econ., 28(3), 2021, 1-32.



13

Zegarra, L. F. / Economic growth, nutrition and living standards in 19th century Lima. ..

‘[epowt MEMEENMMOHQ Jeaul] o) U0 paseq awCOCmﬁSUﬁ.NU UMO INnQ) 22Inog

“Aep a1ad ) urwea Jo Sw [ pue 910} Jo 31 QT ‘Gl urwena jo §rf /() ‘uneru Jo su Sw g
‘Qurwrery) jo Sw ¢°1 ‘uodr jo Sw g1 “9ej jo ‘surajoad jo ‘SOLIO[BD [ ‘G 2Xe uostad oSeroae Ue 10j sjuowaMbal winwiturw 9y . ‘uosiad dFerose ue 0)
ey Jo Sw gr ‘uolt Jo St G 1y Jo 3 gg ‘suroioad Jo 3 ¢ ‘soLiofed ey 886 G d o3 ) mb furu 3y |, d o3

REIEAS m@.ﬁawﬁ YT, ‘uosiad aSeroae ue J10J sjuaLInuU JO oyejul 9] Se [[oM Sk Ja3seq POOoJ Aﬁn—v uonLnnu-poadueeq ay) Jo GOEGOQEOU o) syrodau I[qel 9y J, SNON

¢ or ¢or ¢or ¢ov ¢ov ¢ov ¥'9¢ oy oy Sw D HA
860¢¢ €199¢ 81998 L96 8 96 ¢  €1998 G091 T €199¢ 81998 an QIE[0]
80 80 80 80 80 80 80 80 80 8l 6ld MA

e-ISSN-2007-3496

Am. Lat. Hist. Econ., 28(3), 2021, 1-32.



14

‘[Ppouw Sutuweagold 1eaul] 9y} UO pIseq SUOB[NI[ed UMO IN() :22IN0g

‘pouiad 1eok-0A1) yoeo 10J 1503 dFe1oAe 9Y) paInduwiod Udy) pue Iedk (Ikd 10J POOj JO 150D YY) PIIR[NI[Ld ISIY |

‘poriad 1eaA-3A1 B 10] POOJ JO 150D 3} 31R[NI[ED O, "$9ILId 9PBIIP URIPSW J& 9PBIIP AI9A3 10] s1ayseq pooj [ewndo 0y 19Ja1 s1ayseq Sutduey)) g/ 81-0081 Jo s9oud
ueIpaw e 19yseq pooj [ewndo oY) 01 SI9Jo1 1S PIXTJ oY [, “IIAJIS JO sureid ur jnpe auo 10y Aep 1ad pooj Jo 1500 9y} JO saL1as om) $1o1dop 2Ny oy, :$910N

e-ISSN-2007-3496

Zegarra, L. F. / Economic growth, nutrition and living standards in 19th century Lima. ..

$19[Seq SULSURYY) 1sreurenses 195[Seq Pax1]

g0

Taenet TR, g LY o
i ea,

&

+ ‘e

e ‘.‘ o Le'T

-0’6

68

-0'¢

(AVA I FAATIS A0 SWVID) AOOI A0 LSOD T TINDIA

Am. Lat. Hist. Econ., 28(3), 2021, 1-32.



15

Zegarra, L. F. / Economic growth, nutrition and living standards in 19th century Lima. ..

‘[Ppowt Sutuureigold reaul] oY) UO Paskq SUONE[MI[LI UMO INO pue (2()g(g) BLeSIZ (F103) PRAV-04011y (066 1) S19qua)0on) $90Inog
‘uos1od 98eIoAR UR 10] SJUaWIINDAL 9110 1)) 0] 199dsd1 YIIm Jnpe
S[BW B JO sJuaWaIMbal 9LIO[BD JO ONEI 3} U0 A[31 | ‘UOISISAUO0D 9Y) oyew O], ‘uosiad ageiase Ue 10 s19yseq 01 (B()G(0g) BLIesaZ pue (§10g) Peqy-cAoLry (0661)
819qU91005) WO JNPE J[LW B 10] $19YSeq ) PILdAU0D | (¢) uosiad o8eioAe Ue pue () JNPe 9kl B 0) 19Ja1 SoIndIj oY) $19Ip [eILI0)SIY Sulsn Uay Ay "uositad
98RIDAR UR 0] J9JOI $2INST ) 19YSeq Nd 9Y) 0] *SI9IP [BILIOISIY WIOLJ PIALIIP $19Yskq PUk (Joskq Nd) 19YSe( UOLINU-PIdue[eq o] sareduiod s[qe) oy I, :$910N

e-ISSN-2007-3496

A 181 ¥56°'8 6561 (Avp 424 uaops fo
suna8) poof Jo 150)
I'T ¥l 0 0 0 0 0 3 Tedns ANMYA\
g8 801 I6 S8II 91 8035 0 3 pae]
Le 8V 0 0 gy 9¢ 0 3 uPIY)
8Vl €61 0 0 gy 9¢ 891 B2 | uoNnA
688 Gev ¢6L B8 I8y 99 0 L2 Joog
L'38 SGY 0 0 0 0 ¢l 3 S901B10]
0 0 0 0 0 0 0 8y sueaq 11ng
0 0 0 0 0 0 7686 9 seadyoryD o
L'16 686 8.8 16V €88 G&F 0 8 suea(] ~
0 0 0 0 0 0 0 3 eoumg) X
0 0 0 0 0 0 0 8y SI[POON X
L9¢ L'8L €SF 6'8¢ g8V 839 0 3 ERIN| g
0 0 0 0 0 0 0 3y IZIRA S
78 601 8.8 T6F 908 87¥0I 0 3 peaiq S
0ok 424 uondunsuo,) R
d \% qd \% qd \% m
(0303) v+v327 *103) 0661) (1234509 N€) 1995Dq =
%E&VFQNNDEV\ M&w&:&oob QQ.E.N&N»&SnﬁwQQENBm Am
,&mwﬁ NGQEQEQ uo %&ém
SLIDISVI AOOA A0 NOSTIVAINOD "€ A TdV.L m
©



Zegarra, L. F. / Economic growth, nutrition and living standards in 19th century Lima. .. 16

‘WAGES AND WELFARE RATIOS FOR LOW-INCOME FAMILIES

Welfare ratios are useful to determine whether families are able to cover their basic needs. The
welfare ratio is calculated as the ratio of total family income divided by the cost of subsistence,
where the cost of subsistence includes the cost of food and other basic goods and services. I rely
on the balanced-nutrition basket to compute the food cost. I call our welfare ratios “balanced-
nutrition welfare ratios” or, simply, BN welfare ratios. If the welfare ratio is greater than 1.0, then
the family income is higher than the cost of subsistence. If the welfare ratio is less than 1.0, then the
family income is lower than the cost of subsistence.

The subsistence cost includes the cost of food, as well as the cost of fuel, clothing, housing,
and other basic items. I rely on the fixed basket (estimated with the median prices of 1800-1873)
to calculate the cost of food. I add the cost of fuel, clothing, soap, candles, oil and housing. To
estimate the requirement of fuel, I rely on the relation between the quantity of wood and the
quantity of food in the budget of artisans in the late 1860s, as reported by Pardo et al. (1870).
I then assume that an average person required 1.79 M BTU of fuel per year.'® In addition, I
assume that an average person required 3 meters of cotton, 1.3 kg of candles, 1.3 kg of soap, and
1.8 liters of oil per year.'% I assume that a family is composed of four members, so the subsistence
cost of a family is four times the cost of an average person. In the case of Lima, considering
that children and adolescents represented almost half of the population, the assumption of four
members (two adults and two children) in a family is reasonable.!” In addition, I assume that a
family rented a room in a callejon. A callejon (in plural, callejones) was a building composed of an
alley and several rooms, inhabited by poor families.

Information on salaries of low-skilled workers comes from primary and secondary sources.'®
Wages refer to laborers, doormen, mailmen and servants.'” The appendix describes the data
sources. For doormen, mailmen and servants, information refers to annual salaries. Informa-
tion on laborers’ salaries is available from the 1800s. For doormen and servants, information on
salaries is available from the late 1820s; for mailmen, wages are available from the late 1830s. For
laborers, information refers to payments for a day of work or jornales. I assume that laborers could
work between 250 and 365 days per year. Several studies have assumed that laborers worked
250 days per year (Allen, 2001, 2009). Other studies, however, have questioned this assumption
(Stephenson, 2018). For Lima, I do not count with information on the number of working days
per year. However, since annual incomes of servants were around 250 times the jornal (payment
for a day of work) of laborers in most of the period and annual incomes of doormen and mailmen
were around 365 times, it is reasonable to assume that the number of working days of laborers
ranged between 250 and 365.

A possible weakness of the data is that wages refer to government workers. Salaries in the
private sector could be different from government salaries. The government may take time to
adjust salaries to market conditions. Scattered evidence, however, suggests that, at least in the

15 Allen (2009) assumes that a male adult requires 2.0 M BTU in pre-1900 Europe.

16 Allen (2009) makes similar assumptions for a male adult.

17 For other cities in the region, the family size could be different. Not taking into account those differences would
introduce biases in the estimation of welfare ratios (Moraes and Thul, 2018).

I8 T previously used the same data set from the 1820s (Zegarra, 2020a).

19 Some studies usually only focus on salaries of masons, which may not be representative of unskilled workers (Moraes
and Thul, 2018).
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FIGURE 2. DAILY WAGES IN THE CITY OF LIMA (GRAMS OF SILVER)
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Notes: The figure depicts the average daily wage for laborers, doormen, mailmen and servants. For laborers, I
report the lower and upper levels. The lower level is calculated under the assumption that laborers worked 250 days
per year. The upper level is calculated under the assumption that laborers worked 365 days per year.

Sources: Our own calculations, based on information from the Municipality of Lima and the National Archives of
Lima. See the appendix for more information.

long term, government salaries reflected market conditions. For instance, contemporary observers
indicate that laborers earned around one peso per day in the late 1860s. The data also shows that
laborers earned around one peso per day in 1867-68.

Figure 2 depicts the evolution of daily nominal wages in grams of silver. For doormen, mail-
men and servants, the daily wage was calculated as the annual labor income divided by 365. For
laborers, I calculated the daily wage as D times the jornal (payment for a day of work), where
D={250/365, 1}. In the 1800s, 1810s and 1820s, laborers earned between 10 and 15 grams of
silver per day. Daily wages of laborers then increased to 11.6-17 grams of silver in the late 1830s,
but later declined to 8.6-12.6 grams of silver in the early 1850s. In the following decades, daily
wages of laborers increased, becoming 17-24 grams of silver in the early 1870s. Meanwhile, daily
salaries of doormen declined from 17 grams of silver in the 1830s to 15 grams of silver in the
early 1840s, but then increased in the following decades. In the early 1870s, daily wages of door-
men were 22 grams of silver. Wages of mailmen were similar to those of doormen in the 1850s,
1860s and 1870s. In the case of servants, daily wages were around 6.5 grams of silver in the
1830s. Salaries then remained around 10 grams of silver per day in the 1840s and 1850s, but
increased in the 1860s and 1870s. In the early 1870s, daily salaries of servants were around 14.5
grams of silver.
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FIGURE 3. WELFARE RATIOS IN THE CITY OF LIMA (FIXED FOOD BASKET)
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Notes: The figure depicts the welfare ratios for laborers, doormen, mailmen and servants. For laborers, I report
the lower and upper levels. The lower level is calculated under the assumption that laborers worked 250 days per year.
The upper level is calculated under the assumption that laborers worked 865 days per year. The food basket is the fixed
BN basket.

Our own calculations, based on information from the Municipality of Lima and the National Archives of Lima.
See the appendix for more information.

Welfare ratios are calculated as the total earnings of a family divided by the cost of subsistence.
I assume that only one male adult worked per family and that workers did not receive in-kind
compensation for their work.?’ Figure 8 depicts the evolution of the BN welfare ratios (balanced-
nutrition welfare ratios). Laborers had a welfare ratio of 1.4-2.1 in the 1800s. The ratio then
declined in the 1810s and 1820s. In the early 1820s, the ratio ranged between 1.0 and 1.5. The
welfare ratio then increased to 1.6-2.3 in the early 1830s. During the Guano Era, the welfare ratio
declined to 1.2-1.8 in the early 1850s and 0.9-1.5 in the late 1860s. In the case of doormen, the
welfare ratio was around 1.9 in the early 1830s, then increased to 2.8 in the early 1850s and later
declined to 1.5 in the 1860s and 1.6 in the 1870s. Living standards of mailmen were similar to
those of doormen. In the case of servants, the welfare ratio was relatively low. It was below 1.0 in
the 1830s, increased to 1.6 in the late 1840s, but then declined in the 1850s and 1860s. In the
late 1860s, the welfare ratio of servants was around 1.0.

20 Several studies rely on similar assumptions. However, I must acknowledge the possible biases of these assump-
tions. First, women could also work for a salary (Calderén-Fernandez, Garcia-Montero and Llopis-Agelan, 2017;
Humphries and Weisdorf, 2015). Second, workers could receive in-kind compensation in addition to their salaries
(Djenderedjian and Martirén, 2020).
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In order to estimate welfare ratios, this study uses a linear programming model that guarantees
the intake of basic nutrients. Alternative food baskets could yield different welfare ratios. I then
estimate welfare ratios using historical diets. In particular, I use the food baskets from Gootenberg
(1990), Arroyo-Abad (2014) and Zegarra (2020). I adjusted the food baskets, so they reflect the
consumption of an average person. I rely on our information on prices and wages and on our
assumptions on family size, number of people who worked and number of working days.?! Fig-
ure 4 depicts the series for laborers, assuming that laborers worked 250 days per year. All series
point out at similar trends: an increase in the 1830s and a significant drop in the 1850s and 1860s.
Nominal salaries did not change much during the Guano Era in spite of the increasing inflation.
Since nominal wages did not increase as rapidly as prices, real wages declined.

Nevertheless, there are important differences in the magnitudes of the welfare ratios between
this study and other studies. The BN welfare ratios are usually higher than the ratios estimated
using historical diets. When using the basket from Gootenberg, for example, the welfare ratio is
less than 1.0, far less than the BN welfare ratios. Using the baskets of Arroyo-Abad (2014) and
Zegarra (2020), the welfare ratio would be below the BN ratios most of the time. A comparison
of the BN ratios with those for Gootenberg clearly illustrates the differences between linear pro-
gramming and historical diets. As indicated previously, the basket from Gootenberg refers to the
typical diet of artisans. The estimates of BN welfare ratios suggest that the labor income of a low-
skilled worker allowed him to cover the basic nutrients of his family. In contrast, the results for the
Gootenberg’s basket show that the same labor income did not allow the worker to afford the con-
sumption habits of an artisan’s family. To afford those consumption habits, low-income families
would need another person (such as the wife) to work for a salary.

The BN estimates suggest that living standards did not improve during the Guano Era. Other
estimations of welfare ratios also suggest that the living standards of low-income families did not
increase during this period of macroeconomic bonanza (Gootenberg, 1990; Arroyo-Abad, 2014;
Zegarra, 2020a). In addition, the evidence on the height of low-income Limenians supports the
hypothesis that living standards did not improve during the Guano Era. In particular, Twrdek and
Manzel (2010) collected information on the height of convicts in Lima and found that height did
not increase during the Guano Era. Since those convicts belonged to the low-income segments of
society, the evidence suggests that low-income families did not improve their nutrition during the
Guano Era in spite of the macroeconomic bonanza.

How can one explain the decline of the living standards of low-income families in Lima during
the Guano Era, a period of economic bonanza?

The Guano Era was a period of substantial economic growth in Lima. From a theoretical point
of view, it is possible that the growth of the economy led to the increase of living standards of all
inhabitants, including low-income families. For instance, laborers and servants could have faced
a higher demand for their services, which would increase real wages.

Real wages, however, declined. One possible explanation for the decline of real salaries during
the Guano Era is that there were nominal rigidities. Under nominal rigidities, nominal salaries do
not increase as rapidly as prices and so real wages decline in the presence of inflation. If the expan-
sion of the economy led to the increase of earnings of high-income families, the higher demand
for services could have led to higher prices. One might expect workers to require higher nomi-

21 Notice that Arroyo-Abad (2014) and Zegarra (2020) did not make the assumptions on family size. Those studies
rely on Allen “s assumption that family costs are equal to three times the costs for a male adult.
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FIGURE 4. WELFARE RATIOS LABORERS IN LIMA, USING ALTERNATIVE FOOD
BASKETS
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Notes: The figure depicts the welfare ratios for laborers using alternative food baskets. For all series, I assume that
laborers worked 250 days per year. One series refers to our estimates, using the fixed basket. Alternaive 1 relies on the
food basket of Gootenberg (1990). Alternative 2 relies on the food basket of Arroyo-Abad (2014). Alternative 3 relies
on the food basket of Zegarra (2020a). Non food costs are the same for all series.

Source: Our own calculations based on the linear programming model, Gootenberg (1990), Arroyo-Abad (2014)
and Zegarra (2020a).

nal wages to face higher prices. If nominal wages did not change rapidly, real wages would have
declined. Nominal rigidities are usually associated with the existence of contracts or institutional
restrictions. Nominal rigidities may explain a short-term decline in real wages during inflationary
periods. However, it is hard to make a theoretical argument for a negative relationship between
inflation and real wages in the long term.

The increase of terms of trade could also explain at least partly the decline of real wages in
Lima during the Guano Era. Standard trade theory states that terms of trade may be correlated
with the wage/rental ratio. In particular, the Heckscher-Ohlin model states that an increase in
terms of trade may lead to a decline in the wage/rent ratio in land abundant economies and an
increase in the ratio in labor abundant economies. For economies that export raw materials, a
period of economic bonanza, associated with an increase in terms of trade, could be associated
with the decline in the wage/rental ratio. Terms of trade increased in Peru during the Guano Era.
The increase in terms of trade may have increased the demand for production factors in export
sectors, in particular, in the sectors producing guano, nitrate, sugar and cotton. Since those sectors
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were intensive in land and capital, the increase in terms of trade may have increased the overall
demand for capital and land and may have reduced the overall demand for labor. The reduction
in the demand for labor in turn would have reduced real wages.

Immigration of workers could also explain the decline in real wages in Lima. Peru experi-
enced a massive immigration of Chinese coolies in 1849-74, especially in the late 1860s. By
1876, around 50 000 Chinese citizens lived in the coast of Peru, representing around 4% of the
total population. Since most Chinese immigrants were unskilled workers, immigration could have
increased the supply of low-skilled labor and so could have reduced real wages.

Therefore, in the short run the decline in real wages during the Guano Era could be partly ex-
plained by higher inflation. In the long term, however, one would expect real wages to depend on
changes in the demand for labor and supply of labor. The increase in terms of trade and immi-
gration of Chinese workers could explain the long-term decline in real wages of unskilled workers
during the Guano Era.

INTERNATIONAL COMPARISON

An international comparison of welfare ratios is useful to determine the differences in living stan-
dards across cities and the possible determinants of living standards.

Comparison with other Latin American cities

No study has used linear programming to estimate welfare ratios for other Latin American cities. |
then cannot determine whether welfare ratios in Lima were relatively high or low for Latin Amer-
ican standards. However, a comparison of the trends of welfare ratios across cities can provide
useful insights. In particular, such comparison may provide some insights about the relationship
between real wages and economic growth.

The evidence for 19th century Lima indicates that economic growth is not necessarily associ-
ated with an increase in living standards. Does the evidence for other Latin American economies
point out in the same direction?

In the 19th century, economic growth in some Latin American countries was associated with
increasing terms of trade, massive immigration and expansion of the frontier. As stated by the
Heckscher-Ohlin model, increasing terms of trade in Latin America (a land-abundant region)
and massive immigration would lead to a reduction in the wage/rental ratio (Arroyo-Abad, 2013;
Williamson, 1999). The increasing terms of trade would lead to a lower demand for labor. In
addition, immigration may have led to a greater supply of labor. Real wages could have declined
due to the lower demand for labor and the greater supply of labor. However, the expansion of the
frontier could reduce or counteract the effect of terms of trade and immigration on real wages.
These were certainly not the only factors affecting real wages in 19th century Latin America. In
some countries, civil wars also affected capital stock, the labor supply, productivity and therefore
real wages.

In Argentina, the economy expanded from 1840. As the economy grew, real wages grew in
Buenos Aires in 1825-1849 (Gelman and Santilli, 2018). Real wages in Buenos Aires contin-
ued increasing in the 1880-1900 (Cuesta, 2012). The growth of the economy occurred at a time
of increasing terms of trade. According to Arroyo-Abad (20138), terms of trade and factor en-
dowments affected the wage-rental ratio. Terms of trade could have reduced real wages; but the
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expansion of the frontier and the consequent increase in land stock counteracted the negative ef-
fect of increase terms of trade on real wages in the 19th century. In the early 20th century, real
wages remained stagnant. In the 1900s and 1910s, the increase in terms of trade and immigration
probably contributed to the stagnation of real wages (Williamson, 1999).

In Brazil, real wages increased in the 19th century. For instance, real wages in the Southeast
of Brazil increased by almost 200% in 1830-1900. The growth of the economy may have led
to the increase in the living standards of the poor in the 19th century. In the early 20th century,
however, the situation changed. Real wages declined by 30% between 1905-1909 and 1920-1924.
The increase in terms of trade and massive immigration probably contributed to the decline in real
wages (Williamson, 1999).

In the case of Mexico, real wages declined in 1760-1810 and remained relatively stagnant
in 1810-1860 (Challd & Gémez-Galvarriato, 2015). In the late 19th century, real wages in-
creased. The pacification of the country, the integration of Mexico with the international econ-
omy and the introduction of new technologies probably contributed to the increase of real wages
(Challu & Gémez-Galvarriato, 2015). Decreasing terms of trade and the expansion of the fron-
tier probably also contributed to the increase in real wages in the late 19th century (Arroyo-
Abad, 2013).?

The evolution of real wages in 19th century Lima is consistent with the findings for other Latin
American economies for the late 19th and early 20th centuries. The expansion of the economy in
the region in this period did not necessarily lead to the improvement of living standards. The ex-
pansion of the frontier could have contributed to the increase in living standards. However, if the
expansion of the economy was associated with increasing terms of trade and massive immigration,
real wages could have declined.

Comparison with European cities

Previous studies have compared living standards of Latin America and Europe. Some portray
an unfavorable depiction of living standards in Latin America (relatively low living standards);
others provide a favorable portrayal. Some studies show that welfare ratios in Latin America
were below those in London in the 18th and 19th centuries.?® London, however, may not be
representative of Europe: some studies indicate that Londoners had far higher welfare ratios than
other Europeans (Allen, 2001, 2009).>* In addition, some estimates suggest that in the 18th
century Spanish America had higher welfare ratios than Leipzig (Arroyo-Abad et al., 2012), and
that in the 19th century Buenos Aires and Mexico had higher welfare ratios than Milan and around
the same ratios as Amsterdam and Leipzig.

22 However, there is no consensus on the evolution of living standards in Mexico in the 18th and 19th centuries. At
times, the evidence for height contradicts the findings for real wages. Real wages declined in 1760-1810 (Challud
and Gémez-Galvarriato, 2015). However, according to Dobado-Gonzdlez and Garcia-Hiernaux (2017), there is no
“evidence regarding the notion of “Great Decline " in Mexico heights between 1730 and 1840” (p. 161). In addition,
height declined in the second half of the 19th century (Lépez-Alonso, 2012) in spite of the increasing real wages.

23 For the 18th century, see Allen et al. (2012) and Arroyo-Abad et al. (2012). For the 19th century, compare the
results in Allen (2009) with those in Challd and Gémez-Galvarriato (2015), Gelman and Santilli (2018), Arroyo-
Abad (2014, 2013) and Zegarra (2020).

21 Recently, however, some studies have questioned the finding that London had higher living standards than other
European cities (Humpbhries, 2013).
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One problem with those welfare-ratio estimates is that they have been estimated using his-
torical diets. One might wonder whether historical diets are comparable across countries. If they
are not, then one should not rely on those ratios to determine the differences in living standards
between Latin America and Europe.

Until now, no study has made a comparison of welfare ratios of Latin America and Europe
using linear programming. Recently, I used linear programming to estimate welfare ratios in
six European cities (Zegarra, 2021). For four of those cities (London, Amsterdam, Paris and
Strasbourg), I estimated welfare ratios for the 19th century. For other two cities (Munich and
Leipzig), there is only information for the 17th and 18th centuries.

In comparison to those London, Amsterdam, Paris and Strasbourg, the welfare ratio of labor-
ers in Lima in the 19th century was not low (see figure 5). Actually, laborers in Lima had similar
welfare ratios as laborers in the four European cities, including London, in the 1800s. The ca-
pacity of working families in Lima to cover their basic needs was similar to those cities in Europe.
From the 1810s, the welfare ratio in London followed an upward trend. Since the welfare ratio
in Lima did not maintain an upward long-term trend during this period, in the 1860s London
had a far higher welfare ratio than in Lima. Therefore, over the 19th century, there occurred a
divergence in living standards between Lima and London. Nevertheless, living standards in Lon-
don were not the same as in other cities. Welfare ratios in Amsterdam, Paris and Strasbourg did
not follow an upward long-term trend in 1800-1870. As a result, living standards in Lima were
similar to those cities during this period.

Therefore, our results provide a favorable depiction of living standards in Lima. Living stan-
dards were not relatively low in 1800-1870, at least not in comparison with important European
cities. One would need further research for other Latin American cities to determine whether in
general living standards in Latin America compared favorably to Europe in the 19th century.

CONCLUSIONS

Two methodologies can be employed to determine the food basket and estimate welfare ratios.
Most studies have relied on historical diets to determine the food basket. This study relies on a
linear programming model to determine the least cost basket that granted a balanced-nutrition
diet to Limenians. According to the results of this study, the balanced-nutrition welfare ratio in
Lima was usually above 1.0, so families were able to cover their basic needs.

The results show that the welfare ratio in Lima declined during the Guano Era. This finding is
consistent with other studies that also indicate that the living standards of the poor declined during
the Guano Era, in spite of the macroeconomic bonanza (Arroyo-Abad, 2014; Gootenberg, 1990;
Twrdek and Manzel, 2010; Zegarra, 2020a). The results for Lima support the hypothesis that
living standards do not necessarily increase in response to economic growth. Similarly, in other
Latin American countries, real wages did not necessarily increase in response to the growth of
the economy in the late 19th and early 20th centuries. In Peru, a land abundant economy, the
increase in terms of trade may have contributed to the decline in real wages. The immigration
of Chinese coolies and domestic inflation may have also contributed to the decline in the living
standards of the poor.
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FIGURE 5. WELFARE RATIOS IN LIMA AND EUROPE
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Notes: The figure depicts welfare ratios of laborers for several cities. For Lima, I depict the lower level of the
welfare ratio, estimated with the 250-day assumption.
Source: For European cities, Zegarra (2021). For Lima, our own calculations.

Nevertheless, in spite of the decline in real wages during the Guano Era, living standards in
Lima were not relatively low for international standards. Lima had around the same welfare ratios
as Amsterdam, Paris and Strasbourg in the mid-19th century. Although London had higher living
standards than Lima, Limenians enjoyed similar living standards as working families in important
European cities.

APPENDIX

Chemical composition of foods

This section explains the methodology to calculate the chemical composition of foodstuffs. T as-
sume that wheat was purchased as bread. I adjust the information from the composition tables
to obtain the actual consumption of nutrients per purchased kilogram of food. To estimate the
chemical composition of bread, I rely on the chemical composition of wheat whole-meal flour at
100%. To calculate the composition of nutrients in a kilogram of bread, I assume that one kilogram
of flour yielded 1.28 kilograms of bread (Allen, 2001). In addition, I take into account that some
vitamins were lost due to baking. Denote 8, as the relative loss of nutrient k due to the baking
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of wheat flour and B, as the quantity of nutrient £ in a kilogram of raw wheat flour. Under the
assumption that no portion of flour was discarded when making bread, the quantity of nutrient £
in a purchased kilogram of wheat bread is calculated as @), = %.

Recent composition tables are not appropriate for our historical analysis especially for bread
(Gazeley & Horrell, 2013). Information on calories, proteins, fat and iron for wheat whole-meal
flour at 100% comes from McCance and Widdowson (1946); information on other nutrients
comes from Paul and Southgate (1978). Information on the loss of vitamins due to baking comes
from Paul and Southgate (1978). According to our calculations, wheat bread yielded around 2,600
kcal/kg. This figure is not very different from the assumption on bread “s calorie content made by
Allen (2001): Allen assumed that bread yielded 2,450 kcal/kg of calories.

I also collected information on nutrients and edible portion for the following items: fresh
maize (choclo), maize flour, polished rice, spaghetti, quinoa, common beans, dried chickpeas, dried
butter beans, dried broad beans, dried green peas, potatoes, sweet potatoes, yucas, dressed carcass
beef, raw dressed carcass pork, dressed carcass lamb, dressed carcass chicken, anchovies, dried
meat, whole egg, milk, semi-hard cheese, lard, white sugar, brown sugar, salt, tea, cocoa, vinegar,
pumpkins, onions, carrots, lettuce and tomatoes. All of those foodstuffs were employed for the
estimation of nutrients intake for historical diets, and some of those foodstuffs were employed for
the linear programming model.

I take into account that a portion was discarded. Meats, for example, were purchased with
bones, but bones were discarded. For maize, maize flour, potatoes, sweet potatoes, yucas, chick-
peas, butter beans, broad beans, green peas, pumpkins, brown sugar and vinegar, information on
nutrients and edible portion comes from Ministerio de Salud (2009, 2014) and INCAP (2017).
For rice, spaghetti, beef, mutton, pork, chicken, eggs, milk, cheese, lard, white sugar, salt, tea, co-
coa, onions, carrots, lettuce and tomatoes, nutrients come McCance and Widdowson (1946) and
Paul and Southgate (1978). For quinoa and anchovies, nutrient information comes from Minis-
terio de Salud (2009, 2014) and USDA. For dried meat, information comes from Latham (2002)
and USDA. For common beans, information comes from FAO (2017). Cooking led to the loss
of nutrients. Indian dietary requirements, however, already take into account possible losses of
nutrients during cooking (Allen, 2017; Rao, 2009).

Denote j as the food purchased in the market e j as the consumption of nutrient £ in a kilogram
of food j. Then ay; = e;Bj, where e; is the edible (non-discarded) portion of the food j, and Bj is
the quantity of nutrient £ in a kilogram of food ;.

Price data

Most data on prices comes from Gootenberg (1990). I complemented this source with Mancera
(1992), Pardo et al (1870), Fuentes (1858) and Salinas (2018). Gootenberg collected information
on prices from primary sources. For bread, information is missing for most years. I then calculated
the ratio price of bread/price of wheat. To fill the blanks, I relied on interpolation. Using wheat
prices and the estimates of the ratio price of bread/price of wheat, I estimated the price of bread.
For noodle prices, I relied on a similar methodology as for bread in order to fill the blanks. Maize
prices are missing for most of the period. I filled the blanks by using the ratio price of maize/price
of maize flour. The ratio price of maize/price of maize flour was interpolated to fill the blanks.
For rice, quinoa, beans, chickpeas, lima beans, potatoes, beef, mutton, poultry, lard and sugar, |
also relied on interpolation to fill the blanks.

e
a Am. Lat. Hist. Econ., 28(3), 2021, 1-32.

e-ISSN-2007-3496



Zegarra, L. F. / Economic growth, nutrition and living standards in 19th century Lima. .. 26

Information on the rent of rooms in callejones comes from Armas (2007) and Reyes (2004).
To fill the blanks, I rely on interpolation and on the evolution of land prices from Zegarra (2020b).

Wage data

Data on wages refer to low-skilled workers, in particular laborers, doormen, mailmen and servants.
All workers are government workers. Laborers worked in public works. Doormen, mailmen and
servants worked for the public administration.

For laborers, I collected daily payments or jornales from primary sources. For doormen, mail-
men and servants, | collected yearly payments from secondary sources. Jornales of laborers were
collected from the Historical Archives of the Municipality of Lima and the National Archives of
Peru. The Municipality of Lima invested on public works. Budgets and other documents include
information on the total payments of salaries, the number of workers and the number of days.
Information was not available for all years. I filled the blanks by using interpolation.

For doormen, mailmen and servants, information comes from annual budgets and other legal
documents. Annual or bi-annual budgets for the national government report the annual wage of
most workers, from the President of the Republic to doormen, mailmen and servants, the least paid
among public workers. Budgets of the national government were obtained from the encyclopedic
Anales de la Hacienda Publica. In particular, budgets were obtained from Anales de la Hacienda
Publica, vol. 1 for 1821-1826, vol. 11 for 1829, vol. 1 for 1839-1840, vol. v for 1846-1849,
vol. v for 1850-1855, vol. vi for 1861-1862, vol. vii for 1863-1868, vol. v for 1869-1872, 1x
for 1873-1874 and vol. x for 1875-1876. I complemented the information with laws and decrees
that also included information on wages. These laws and decrees come from Oviedo (1872) for

1835-1838, 1840 and 1845.
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