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  El Niño’s Uneven Disruption of 
World’s Electricity Systems

In a recent column in this journal, I discussed how in 
the early to middle nineteenth century Napoleon and 
Bismarck contributed to Europe’s lack of any shale gas 
development compared to the shale boom in North 
America.1 But that is rather recent business compared 
to those seventeenth-century fishermen off the coast 
of South America who noticed unusually warm waters 
that tended to occur every few years around Christ-
mas—labelling the phenomenon El Niño.

The world is in the middle of an El Niño event, 
which started in late fall 2015 and was in full swing 
by December. Everybody knows that El Niño has 
widespread economic, social, and health effects on 
large parts of the world. El Niño has serious effects 
on fishing and reduces agricultural output. 

It is linked to social unrest and civil conflict.

El Niño correlates with changes in epidemic dis-
eases. It is linked to social unrest and civil conflict 
in and between commodity-dependent underdevel-
oped countries. On top of all of this, El Niño seri-

ously affects electricity systems from Hollywood to 
Hobart, from Colombia to Cape Town, and high-
lights the inherent risks and essential fragility of 
electric systems—especially those that rely heavily 
on hydroelectric generation.

El Niño . . . highlights the inherent risks and essential 
fragility of electric systems—especially those that rely 
heavily on hydroelectric generation.

El Niño is an episodic change in trade winds and 
water temperatures in the Pacific Ocean that affects 
the entire world’s water supply. The westerly Pa-
cific trade winds usually push warm surface water 
westward toward Indonesia and away from Ecua-
dor (with water levels actually higher in the west-
ern Pacific where the wind pushes it). When those 
trade winds relax, every few years, the warm water 
slides back east toward the coast of South America 
(and those seventeenth-century fishermen). 

Those warmer waters in the eastern Pacific 
change rainfall patterns over much of the globe, 
and those changes have three types of effects on 
electric power supply. The first alters the source of 
generated power—still tied in many countries to 
the falling water and the reservoirs that store the 
water upstream of the generating plant. The second 
concerns the mix of rain and snow in temperate 
climates—affecting the reliability of snowpack as a 
source of spring and summer hydroelectric power. 
The third is widespread damages to power delivery 
systems due to flooding. 

All three effects demonstrate that in a world of 
great technology and investment in electricity sys-
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The extents to which such countries’ energy 
systems are heavily disrupted by El Niño-based 
droughts depend on the depth of the power sector 
and whether local economies have options when 
the water runs out. In Venezuela, drought condi-
tions are exacerbating an already-weakened econ-
omy with pre–El Niño power shortages.3 In East 
Africa, droughts are disrupting hydroelectric power 
supplies in countries like Zambia, Tanzania, and 
Zimbabwe, where the grid-based power systems are 
fragile and underdeveloped in any event.4

Colombia fares better, with a strong and stable 
economy and an internal power market, supported 
by private investment, based roughly on those in 
other developed economies like the United States 
and United Kingdom.5 The Colombian power 
market supports the construction of combined-
cycle power plants designed to run on natural gas 
(but capable of using diesel fuel) with the adoption 
of a modern “reliability charge” that permits power 
plants to be paid to stand by for just an El Niño–type 
event. The availability of “reliability” resources and 
sources of fuels tends to protect the country from 
such resource-based shortages in electricity.

A related El Niño problem faces the Australian 
island-based state of Tasmania, where local power 
generation is more than 82 percent hydroelectric. In 

tems, often enough the natural environment has 
the upper hand.

Effects demonstrate that in a world of great tech-
nology and investment in electricity systems, often 
enough the natural environment has the upper hand.

RAINFALL AND HYDROPOWER
Most of Latin America gets more than half of its 

electricity from hydroelectricity. Brazil and Colom-
bia get three-quarters of their power that way (Ex-
hibit 1); Venezuela, two-thirds. In addition, much 
of East Africa (Zambia, Tanzania, and Zimbabwe) 
is heavily dependent on hydropower.

Most of Latin America gets more than half of its elec-
tricity from hydroelectricity.

But these percentages do not reflect the true 
risk of altered rainfall patterns on electricity sup-
ply. For example, 80 percent of Colombia’s reser-
voirs are limited—only able to store water for three 
months.2 Three dry months in Colombia means 
that reservoirs run dry and power plants stop. 

Exhibit 1. High-Hydro Countries/Regions Most Exposed to El Niño
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But another problem faces US Pacific Coast gen-
eration. For, as El Niño replaces snow with rain, El 
Niño also changes where the rain occurs. To maintain 
hydroelectric generation on the US West Coast, rain 
has to fall in the Columbia River Basin that feeds the 
dams in Washington and Oregon. El Niño displaces 
rainfall for that region in favor of Southern California, 
which has fewer hydroelectric reservoirs.7 Perhaps the 
same rain falls in the US Pacific region, but not in a 
way that makes for the generation of electricity.

Perhaps the same rain falls in the US Pacific region, but 
not in a way that makes for the generation of electricity.

DISRUPTION IN POWER SYSTEMS 
The third consequence of El Niño does not relate 

to where or when power systems generate electricity, 
but whether that power—or any power—can get to 
consumers.

It means storms, floods, and mudslides, from 
some of the wealthiest regions of the Americas 
(i.e., Malibu8) to the poorest (rural Paraguay9). Of 
course, the cost of power outages is different in the 
former than the latter. In California, residents ex-
pect the power to be back on when the downed and 
displaced facilities are replaced/repaired—a matter 
of hours or a couple of days at the most. Even in the 
unusual Midwest flooding of 2016, as the Missouri 
River rose, power systems are expected to rebound 
soon enough after the waters fell. 

In rural regions of South America, hundreds of 
thousands are displaced by floods associated with 
El Niño. To the extent the power system rebound 

2005, the power companies in the region commis-
sioned the 230-mile, A$800 million “Basslink” cable 
underneath the Bass Strait from the mainland state 
of Victoria to Tasmania—the world’s second-longest 
submarine cable. That cable led the local power com-
pany to be confident about replacing low El Niño dam 
levels with mainland power—until the cable failed in 
late December 2015.6 While Tasmania awaits the re-
pair of that cable which was to be completed in later 
March 2016, Tasmania faces both water restrictions 
and power rationing for large industrial users. 

New Zealand’s electricity sector, which is more 
than half hydroelectric, does not face the possible 
power shortages facing Tasmania. But as a result 
of El Niño, New Zealand also is looking ahead to 
a period of more heavy reliance on more expensive 
natural gas and coal.

SHIFTS IN POWER SUPPLY
Hydroelectric generation provides the largest 

share of power for the US Pacific Northwest. El 
Niño is expected to continue a pattern of warmer-
than-usual precipitation with two consequences 
(Exhibit 2). The first is a repeat of the warm 2015 
winter that shifted the pattern of generation as the 
normally expected snow (the source of “snowpack” 
that acts like storage for the spring melting season) 
fell as rain instead. The rain led to high levels of 
generation through March but historically low 
levels from April to July. The plentiful gas-fired 
generating capacity—fueled with low-cost, com-
petitively supplied gas—made up the difference in 
2015. Such gas-fired generation is expected to do 
likewise in 2016.

Exhibit 2. Net Monthly Electric Power Generation From Hydropower and 
Natural Gas in Washington and Oregon (2010–2015)
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as a “game changer” and a “bridge to a lower carbon 
planet.”12 Such high-technology, lower-carbon fuel 
supply (either directly or via its liquefied version—
LNG) may well be an important part of the backup 
remedy for El Niño events (or even more disruptive 
future climate events). But Krugman’s hope for tech-
nology and Moniz’s game changer still depend on 
credit and commercial infrastructures that most of the 
world’s hydroelectric-dominated economies do not 
have—and have little prospect for in the near future.13

In the meantime, El Niño will continue to disrupt 
the world of electricity supply, with the brunt of the 
cost borne by those systems that can least afford it. 
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is a function of those countries’ financial and opera-
tional strength and the ability of local populations 
to return intact.

In rural regions of South America, hundreds of thou-
sands are displaced by floods associated with El Niño.

INTERNATIONAL ENERGY, CLIMATE, AND 
TECHNOLOGY

When the warm, westerly trade winds of the Pa-
cific diminish, starting an El Niño event, it is like 
dropping a rock in the pond of the world’s climate.

As the ripples circle the world, they expose the 
sensitivity of electricity systems almost everywhere. 
The worst-hit are those underdeveloped, underfi-
nanced, fragile systems that barely keep pace with 
limited expectations even in the best times—as in 
modern Venezuela or East Africa (where less than a 
quarter of the Tanzanian population, for example, 
has access to the electric grid).10 El Niño magni-
fies those electric systems’ troubles—sending other 
ripples through those economies.

Built on credible rules and creditworthy par-
ticipants, modern power markets can deal with 
droughts or floods with planning, credit, and access 
to generating fuels. These markets can fund the gen-
erating plants to stand in when water levels are low 
(like hydro-dominated New Zealand or Colombia) 
or replace/repair infrastructure in a timely manner. 
But even then, Tasmania’s experience with Basslink 
shows the risks in relying on even the best power 
supply technology in the face of El Niño.

Built on credible rules and creditworthy participants, 
modern power markets can deal with droughts or floods.

In his Christmas Day 2015 New York Times col-
umn, Paul Krugman reflected—in the wake of the 
stunning return to Cape Canaveral of the Falcon 9 
launch vehicle—that the idea of technology saving 
the world no longer seemed so far-fetched.11 One of 
his reasons to be hopeful owed to the new technology 
involved in extracting shale gas—ending the old fears 
about “peak oil” and, if regulated effectively, helping 
to deal with climate change. As I wrote about in my 
last column, Ernest Moniz—now celebrated for his 
role in the Iran nuclear deal but then director of the 
MIT Energy Initiative—spoke in 2013 about shale gas 
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