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Tropical Economics† 

By Solomon M. Hsiang and Kyle C. Meng*

Many economists have observed that wealth 
is systematically lower in the tropics than else-
where (Sala-i-Martin 1997; Nordhaus 2006). 
Determining why this is remains a major puz-
zle. Leading hypotheses include, inter alia, the 
tropics’ disease burden (Gallup, Sachs, and 
Mellinger 1999), biota available for domesti-
cation (Diamond 1997), distance from trading 
partners (Frankel and Romer 1999), colonial (Acemoglu, Johnson, and Robinson 2001), and 
other institutions (Easterly and Levine 2003), 
average temperature (Nordhaus 2006), dis-
tance from sources of technology (McCord and 
Sachs 2013), and frequency of natural disasters (Hsiang and Jina 2014). In fact, so many fac-
tors set the tropics apart that it is now common 
in cross-sectional analyses to use a country’s 
latitude as a proxy for unobserved tropical 
determinants, although latitude is never itself 
considered to have fundamental importance as a 
“deep parameter.”

We point out that latitude may have funda-
mental economic consequence because it plays 
a key role in how countries experience geophys-
ical processes that have economic implications. 
Because the earth is spherical and spins rapidly 
on its axis, irregular variations of Pacific Ocean 
temperatures, known as the El Niño-Southern 
Oscillation (ENSO), have distinctive envi-
ronmental consequences throughout the trop-
ics. ENSO drives large annual fluctuations in 
local temperature and rainfall throughout the 
tropics—which are known to have  significant 
 influence on various economic outcomes (Dell, 
Jones, and Olken 2014; Burke, Hsiang, and 
Miguel forthcoming)—but it is less influential 

for other countries because of physical con-
straints on the atmosphere. The relatively larger 
environmental volatility caused by ENSO in the 
tropics has the potential to generate unique costs. 
Here we demonstrate that ENSO drives year-to-
year variations in local weather and agricultural 
economic activity in the tropics. Crucially, we 
estimate effects of ENSO while controlling for 
unobserved time-invariant and trending differ-
ences between countries, such that our results 
explicitly isolate an average within-country 
effect of ENSO on economic activity using only 
time-series variation.

I. Why Latitude Matters

A profound linkage between “tropical-ness” 
and exposure to economically meaningful cli-
mate variability results from a difference in 
how tropical and high-latitude locations (here-
after “temperate,”) are affected by the planet’s 
rotation. Figure 1 illustrates the central idea. 
Imagine drawing two dots on a piece of paper 
and laying it on the ground at a latitude   L  tropical    
near the equator. Place an identical piece of 
paper on the ground nearer the pole at latitude   
L  temperate   . To a viewer not on the surface of the 
earth but fixed in space above the planet (who 
has the perspective of Figure 1), the dots at   
L  tropical    will appear to move in parallel with one 
another as they complete a full rotation once a 
day. In contrast, the dots at   L  temperate    appear to 
rotate around one another once per day such that 
whichever dot is nearest the viewer is furthest 
from the viewer 12 hours later.

The relative rotation of dots at   L  temperate    is 
similarly exhibited by the atmosphere overly-
ing this location, affecting how it behaves at this 
latitude because its angular momentum must be 
conserved locally. This imposes an additional 
constraint on atmospheric motions in temperate 
regions similar to the way in which the angular 
momentum of a spinning bicycle wheel con-
strains its motion and keeps the bicycle upright. 
Because of this additional constraint, weather 
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patterns at temperate latitudes exhibit organized 
swirling structures that are experienced on the 
surface as cold fronts, warm fronts, and distinct 
high and low pressure systems.

In contrast, the absence of angular momen-
tum at   L  tropical    allows the tropical atmosphere 
to behave more or less like a bathtub. Similar 
to when hot water is added to a cold bathtub 
and mixes quickly, disturbances in the tropical 
atmosphere are weakly constrained and spread 
throughout the tropics relatively rapidly. This 
causes greater uniformity in weather patterns 
across the tropics. It also implies that large cli-
matological events in one location may system-
atically affect weather in distant locations. Such 
is the case in an El Niño event.

II. The El Niño-Southern Oscillation

Roughly every three to seven years, an El Niño 
event occurs when normal,  mutually-reinforcing 
circulation patterns of the Pacific atmosphere 
and ocean collapse. This breakdown allows 
very warm ocean waters that are usually main-
tained around Indonesia to slosh eastward 
across the Pacific Ocean, causing the east equa-
torial Pacific to become substantially warmer 

than usual and releasing substantial thermal 
energy into the equatorial atmosphere (Cane 
and Zebiak 1985). Because the tropical atmo-
sphere is not constrained by relative rotation, the 
warming of air initiated above the east Pacific is 
propagated throughout the tropics by a wave in 
the atmosphere which sweeps the globe, altering 
climatological conditions throughout the trop-
ics (Chiang and Sobel 2002). An El Niño event 
typically begins with a warming of the tropical 
Pacific Ocean during May, which causes warm-
ing throughout the entire tropics for roughly 
a year. In this way, conditions in the tropical 
Pacific Ocean synchronize annual climatic con-
ditions throughout the tropics, with weaker, and 
on average opposite, impacts at temperate lati-
tudes. Figure 2 displays an example character-
istic pattern of warming experienced around the 
globe several months after tropical Pacific sur-
face temperatures have peaked.

The irregular switching between hotter and 
drier “El Niño” conditions and cooler and wetter 
“La Niña” conditions, with “neutral” conditions 
somewhere in the middle, is known as the El 
Niño-Southern Oscillation (ENSO). On annual 
frequencies, ENSO is a major mode of the 
global climate system and it is recovered from 
data as the first principle component of either 
the atmosphere or ocean. Because of this prop-
erty, a scalar index of ENSO is considered an 
important state variable describing the condition 
of the global climate system at any moment in 
time. For physical reasons, such an index is well 
approximated (or defined) by average surface 
temperatures of equatorial waters in the east 
Pacific Ocean. For this analysis, we employ the 
widely used index NINO3.4, defined as average 
sea surface temperatures in a rectangle defined 
by 5ºN–5ºS, 170ºW–120ºW (online Appendix 
Figure 1).

III. Tropical Economic Variability 
Induced by ENSO

It has been previously demonstrated in 
numerous contexts that local, idiosyncratic 
temperature and rainfall variations may induce 
substantial economic fluctuations (Dell, Jones, 
and Olken 2014). If ENSO causes large, 
systematic disturbances in these variables 
throughout the tropics, it is plausible that this 
is an important driver of economic volatility in 
the tropics.

Figure 1. Tropical Latitudes Experience the Earth’s 
Rotation Differently from Temperate Latitudes

Ltemperate

Ltropical
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There are spatial and temporal considerations 
in our country-level panel model. First, we fol-
low the approach developed in Hsiang, Meng, 
and Cane (2011) to identify the tropical coun-
tries whose local temperatures are strongly 
linked to ENSO and the temperate countries 
whose local temperatures are weakly affected 

by ENSO (online Appendix Figure 1 and online 
Appendix Table 1). Second, also following 
Hsiang, Meng, and Cane (2011), we measure 
the dominant state of ENSO in each calendar 
year by averaging the monthly NINO3.4 index 
May–December to construct an annual index  
ENS O  t    that can be matched to economic data. 
Then for outcome   Y  it    in country  i  , we exploit 
exogenous year-to-year variation in ENSO to 
estimate

(1)   Y  it   =  β  1   ENS O  t   +  β  2   ENS O  t−1  

 +  θ  i   t +  $  i   +  ε  it    .

  θ  i    are country-specific trends and   $  i    are country 
fixed effects.   β  1    and   β  2    capture the contempora-
neous and lagged effect of ENSO respectively. 
Equation (1) is estimated separately for tropical 
and temperate countries. Because ENSO events 
span more than a calendar year and, further-
more, could potentially induce temporal dis-
placement of effects, our parameter of interest is 
 β =  β  1   +  β  2   . We display  β  in Table 1 for 
four outcomes in each tropical and temperate 
subsample (we report   β  1    and   β  2    separately in 
online Appendix Table 2). Finally, we adjust 
standard errors to account for the potential that 
disturbances   ε  it    have spatial autocorrelation of 
arbitrary form within 2,000 km and serial cor-
relation over five years (Conley 1999; Hsiang 
2010) (we report results varying these cutoffs in 
online Appendix Table 3). We also confirm that 
our linear model provides a reasonable approx-
imation of the data in online Appendix Table 4.

In the first two rows of Table 1, we show that 
ENSO systematically affects country-level tem-
perature and rainfall in the tropics (see online 
Data Appendix). A rise in the ENSO index by +1ºC increases local temperatures in the tropics 
by +0.27ºC and lowers rainfall by  −4.6  mm per 
month on average (combined over two years). 
For temperate countries, temperatures actually 
fall due largely to changes in atmospheric and 
ocean circulations, but only by half as much, and 
there is a small but insignificant positive effect 
on rainfall.

We next examine how log cereal yields, log 
cereal production, and log agricultural value 
added respond to ENSO—we presume these 
effects result mainly from the above temperature 
and rainfall changes, but there may be additional 
pathways. A +1ºC increase in the ENSO index 

Figure 2. Correlation between December Sea Surface 
Temperature in the Tropical West Pacific Ocean and 
Temperatures at Each Location Five Months Later

Note: Red indicates strong positive correlation, blue is 
strong negative correlation.

Source: See Hsiang, Meng, and Cane (2011) for method.
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lowers cereal yields  −2  percent, total cereal pro-
duction  −3.5  percent, and agricultural income  −1.8  percent on average across the tropics. These 
effects are highly statistically significant and sug-
gest that rises in prices do not fully compensate 
countries for declines in agricultural output. For a 
sense of magnitudes, the ENSO index used as our 
independent variable ranges from roughly  −1.5º C 
to +2ºC, with a standard deviation of 0.8ºC. 
These results suggest that ENSO drives substan-
tial and  spatially-coherent fluctuations in agricul-
tural output across the tropics.

We repeat a similar analysis for cereal yields, 
cereal production, and agricultural income in 
temperate countries. Consistent with tempera-
ture and rainfall changes that are opposite in 
sign, lower in magnitude, and less statistically 
significant than corresponding changes in the 
tropics, we see that cereal yields and production 
increase in temperate countries when the tropi-
cal Pacific warms, albeit with a smaller magni-
tude that is less significant. Agricultural value 
added rises and is highly significant, although it 
is possible that some of this response is linked 
to general equilibrium price changes, perhaps 
driven by food shortages in the tropics.

Table 1—ENSO Effects by Region

Outcome Tropical Temperate

Temperature (ºC) 0.274 −0.132[0.017]*** [0.054]**

Precipitation −4.636 0.627
 (mm/month) [0.720]*** [0.579]
log cereal yield −0.020 0.017

[0.008]*** [0.010]*
log cereal −0.035 0.024
 production [0.012]*** [0.013]*
log agriculture −0.018 0.016
 value added [0.005]*** [0.006]***

Observations 2,756 2,043

Countries 78 69

Notes: Each coefficient estimated from a separate 
 country-by-year panel data model with country fixed effects 
and country-specific trends. Coefficients are  β  , the com-
bined linear effect of ENS  O  t    on outcome in year  t  and in year  
t + 1 . Sample period is 1961–2009 for all models. Standard 
errors in brackets are adjusted for spatial (2,000km) and 
serial (five-years) correlation.

*** Significant at the 1 percent level.
 ** Significant at the 5 percent level.
  * Significant at the 10 percent level.

IV. Discussion

We find that agricultural economic activity 
in the tropics is tightly coupled to the state of 
ENSO. The absence of relative rotation in the 
tropical atmosphere allows erratic fluctuations 
in the Pacific Ocean to increase volatility in the 
local weather and economies of distant tropical 
locations. Agricultural economic activity in tem-
perate locations exhibits a reversed response, 
although the physical linkage is different and the 
effect is smaller and less statistically significant. 
If volatility in agricultural production impedes 
economic growth, the relatively stronger influ-
ence of ENSO on the tropics may offer yet 
another partial explanation for slower historical 
growth in the tropics.

Our findings have two clear policy implica-
tions. First, due to advances in climate mod-
eling, strong ENSO events are now generally 
predictable up to two years in advance (Chen 
et al. 2004). Such forecasts offer the potential 
for improved economic planning in the tropics. 
Second, despite these advances in prediction, 
components of ENSO variation remain stochas-
tic, especially for time-horizons longer than 
24 months. The asymmetric effects of ENSO 
on tropical and temperate countries suggest 
the potential for global risk sharing. In Dingel, 
Hsiang, and Meng (2015), we explore the extent 
to which global trade spreads the economic risk 
generated by ENSO.
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Appendix A Data

ENSO index ENSO variations can be detected using di↵erent indices, with the most commonly used
being equatorial Pacific sea surface temperature (SST) anomalies. We utilize monthly values of the Kaplan
NINO3.4 index which averages SST over the area 5�N - 5�S, 170�W - 120�W (Kaplan et al., 1998). Following
Hsiang, Meng and Cane (2011) we construct an annual winter index by averaging months from May to
December to capture the months in which ENSO is typically most active.

Global gridded temperature and precipitation data Temperature (in degrees centigrade) and pre-
cipitation (in mm per month) variables constructed from monthly gridded global weather data at a 0.5� lati-
tude by 0.5� degree longitude resolution from the Center for Climatic Research at the University of Delaware
(Legates and Willmott, 1990a,b). Monthly data was first spatially aggregated from pixel to country-level
using cross-sectional crop area weights from Ramankutty et al. (2008). Annual measures constructed by
averaging January-December monthly values.

Agricultural outcome variables Country-level cereal yield (in kg/hectare), cereal output (in metric
ton) and agricultural-value added (in 2000 USD) was obtained from the World Bank World Development
indicators.
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Appendix B Figures
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Figure 1: Top: Annual averaged May-December NINO3.4 index. La Niña years are often defined as ENSO
index in 1st quintile. El Niño year are often defined as ENSO index in 5th quintile. Data sample period in
shaded area. Bottom: Tropical countries strongly a↵ected by ENSO in “Tropical” sample are red. “Temper-
ate” sample countries are blue. See Hsiang, Meng and Cane (2011) for the method used to identify these two
samples. Light gray countries have no population data, which is needed for sample assignment. Dark grey
rectangle spanning 5�N-5�S and 170�W-120�W is the NINO3.4 region over which sea surface temperatures
are averaged to compute the NINO3.4 index.
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Appendix C Tables

Table 1: ENSO country assignment

ENSO
TELECONNECTED
TROPICAL COUNTRIES

Angola, Australia, Bangladesh, Belize, Benin, Bolivia, Botswana, Brazil,
Brunei Darussalam, Burkina Faso, Burundi, Cambodia, Cameroon, Cen-
tral African Republic, Chad, Colombia, Congo, Rep., Costa Rica, Cote
d’Ivoire, Cuba, Djibouti, Dominican Republic, Ecuador, El Salvador, Er-
itrea, Ethiopia, Gabon, Gambia, The, Ghana, Guatemala, Guinea, Guinea-
Bissau, Guyana, Honduras, India, Indonesia, Jamaica, Kenya, Lao PDR,
Lesotho, Liberia, Madagascar, Malawi, Malaysia, Mali, Mauritania, Mexico,
Morocco, Mozambique, Namibia, Nicaragua, Niger, Oman, Panama, Papua
New Guinea, Paraguay, Peru, Philippines, Rwanda, Senegal, Sierra Leone,
South Africa, Sri Lanka, Sudan, Suriname, Swaziland, Tanzania, Thailand,
Timor-Leste, Togo, Trinidad and Tobago, Uganda, United Arab Emirates,
Venezuela, RB, Vietnam, Yemen, Rep., Zambia, Zimbabwe

ENSO WEAKLY
AFFECTED
TEMPERATE
COUNTRIES

Albania, Algeria, Argentina, Armenia, Austria, Azerbaijan, Belarus, Bel-
gium, Bhutan, Bosnia and Herzegovina, Bulgaria, Canada, Chile, China,
Croatia, Cyprus, Czech Republic, Denmark, Egypt, Arab Rep., Estonia,
Finland, France, Georgia, Germany, Greece, Hungary, Iran, Islamic Rep.,
Iraq, Ireland, Italy, Japan, Jordan, Kazakhstan, Korea, Rep., Kuwait, Kyr-
gyz Republic, Latvia, Lebanon, Lithuania, Luxembourg, Macedonia, FYR,
Moldova, Mongolia, Nepal, Netherlands, New Zealand, Norway, Pakistan,
Poland, Portugal, Romania, Russian Federation, Saudi Arabia, Slovak Re-
public, Slovenia, Solomon Islands, Spain, Sweden, Switzerland, Syrian Arab
Republic, Tajikistan, Tunisia, Turkey, Turkmenistan, Ukraine, United King-
dom, United States, Uruguay, Uzbekistan.

Notes: ENSO country partition using method based on correlation between local temperature and ENSO
index. See Hsiang, Meng, and Cane (2011) for details.
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Table 3: ENSO e↵ects by region: standard errors

Outcome Std. err. Tropics Temperate
Temperature (in �C, crop weighted) 0.274 -0.132

Spatial HAC Dist=2000 Year=5 [0.017]*** [0.054]**
Dist=2000 Year=10 [0.016]*** [0.054]**
Dist=4000 Year=5 [0.020]*** [0.063]**
Dist=4000 Year=10 [0.020]*** [0.063]**

Clustering country [0.018]*** [0.031]***
year [0.032]*** [0.073]*

Precipitation (in mm/month, crop weighted) -4.636 0.627

Spatial HAC Dist=2000 Year=5 [0.720]*** [0.579]
Dist=2000 Year=10 [0.679]*** [0.556]
Dist=4000 Year=5 [0.827]*** [0.581]
Dist=4000 Year=10 [0.791]*** [0.558]

Clustering country [1.018]*** [0.551]
year [0.946]*** [0.491]

log cereal yield (in kg/hectare) -0.020 0.017

Spatial HAC Dist=2000 Year=5 [0.008]*** [0.010]*
Dist=2000 Year=10 [0.008]*** [0.010]*
Dist=4000 Year=5 [0.008]*** [0.010]*
Dist=4000 Year=10 [0.008]*** [0.010]*

Clustering country [0.008]*** [0.009]**
year [0.007]*** [0.010]*

log cereal output (in metric tons) -0.035 0.024

Spatial HAC Dist=2000 Year=5 [0.012]*** [0.013]*
Dist=2000 Year=10 [0.011]*** [0.012]**
Dist=4000 Year=5 [0.012]*** [0.014]*
Dist=4000 Year=10 [0.012]*** [0.013]*

Clustering country [0.010]*** [0.013]*
year [0.013]** [0.015]

log ag value added (in 2000 USD) -0.018 0.016

Spatial HAC Dist=2000 Year=5 [0.005]*** [0.006]***
Dist=2000 Year=10 [0.005]*** [0.006]***
Dist=4000 Year=5 [0.005]*** [0.007]**
Dist=4000 Year=10 [0.005]*** [0.007]**

Clustering country [0.004]*** [0.006]**
year [0.005]*** [0.009]*

Number of countries 78 69
Notes: Each coe�cient estimated from a separate country-level panel data model with country fixed
e↵ects and country-specific trends. Coe�cients captures � in Eq. 1, the combined linear e↵ect of
ENSOt on outcome in year t and in year t+1. Sample period is 1961-2009 for all models. Standard
errors in brackets. *** p<0.01, ** p<0.05, * p<0.1
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