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PROLOGUE 
The first time I heard of El Nino was in 2015. 
I was 25 and a rookie journalist at The Straits Times, tasked with covering the crippling haze 

that plagued South-east Asia that year. El Nino had blitzed through the region and chased 
away the rain, causing forest fires typical of Indonesia’s agroforestry landscape to burn harder 
and for longer. The fires belched smoke haze that was carried by winds around the maritime 
continent, grounding flights, disrupting routines, and ending lives. It was the worst haze crisis 
on record.  

Fast forward three years, and I got the opportunity to learn more about this climate 
phenomenon as a masters student at the Scripps Institution of Oceanography. From my 
professors and through scientific papers, I learned about the physical basis behind its 
development. From books and newspaper reports, I read about its impacts across the Pacific 
Ocean. And as I learned and read and studied, I began to be troubled by the fact that I knew 
so little about it prior to 2015.  

For when the winds of change blow and the oceans churn in acquiescence, El Nino can 
leave a trail of destruction across the Pacific Ocean and beyond. It is a climate phenomenon 
that impacts lives, livelihoods and biodiversity all around the world, and its wide-ranging 
impact illustrates clearly the interconnectedness of the global climate system. And if El Nino, a 
natural event, can cause such devastation, what more harm can human-driven climate change 
cause?  

These thoughts eventually led me to develop this Capstone project, focusing on climate 
communication through the lens of El Nino.  Awareness is, after all, the first step toward 
climate action. And as a journalist, it is my job to help raise this awareness, and draw links 
between how climate science can inform policy and save lives.  

For this project, I traced the footsteps of El Nino across the Pacific Ocean, interviewing 
people and policy-makers living in places where the impacts of El Nino are hardest felt. Some 
shared stories of love and loss. Others spoke of hope, and ways of safeguarding lives and 
species from the harshest impacts of climate change. 

In this publication, Straits Times photojournalist Mark Cheong and I bring you their stories 
from Indonesia and the Galapagos Islands, two archipelagos across the Pacific Ocean that are 
hard hit by the impacts of El Nino. It is our hope that these tales would prompt you to think 
more about global climate change, and the individual’s role in bending the emissions curve.� 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El Nino’s faces:  
 Scarred by fire and by flood. 

Veiled by the unknown. 
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Chapter 1 

HOW A SWITCH IN PACIFIC 
WEATHER BRINGS FIRE AND 

FLOODS 

https://www.straitstimes.com/world/a-peek-into-a-changing-world 
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Graphic: Zeke Tan and Mark Cheong/ The Straits Times 
The El Nino climate phenomenon is a natural climate cycle that has a footprint spanning the Pacific Ocean, the world’s largest 
ocean basin. This publication brings you stories of how El Nino has affected lives and biodiversity from two archipelagos 
across the Pacific.

https://www.straitstimes.com/world/a-peek-into-a-changing-world


When the winds of change blow strongly across Pacific Ocean, a trail of destruction 
tends to follow. 

On the western boundary of the world’s largest ocean basin sits Singapore and the rest 
of the maritime continent, while to the east lies the Americas.  

Neither escapes the scourge of El Nino.  
For when the winds of change blow and the oceans churn in acquiescence, El Nino can 

scar South-east Asia with fire and haze. It leaves a different kind of mark across the Pacific 
Ocean. On the arid coasts of South America, El Nino brings rain so intense that lakes form 
in deserts (Gaulter, 2015; Schmidt, 2016).  

The see-saw impacts appear a bundle of contradictions, not unlike the phenomenon 
itself.  

El Nino is one of the world’s largest natural climate cycles, caused by changes to wind 
patterns and the swirl of ocean currents.  

El Nino is Spanish for ‘the little boy’ – but it can wreck havoc that is far from child-like.  
In 2015, for example, the El 

Nino event caused South-east 
Asia to suffer its worst haze 
episode on record (Tan, 2016).  

It brought drier weather to 
the region, causing the smoke-
belching forest fires in 
Indonesia to burn harder and 
for longer. The World Bank 
estimated that Indonesia 
incurred more than US$16 
billion in economic damages 
from that incident (World Bank 
Group, 2016), and studies have 
shown that the pollution had 
caused more than 100,000 
premature deaths (Koplitz et al, 2016). 

The 2015 event is the most recent El Nino event, and is considered one of the three 
strongest to have occurred in the past 66 years (Lim et al, 2017).  

In 1982 and 1997, strong El Ninos also reared their heads (Cai et al, 2014), affecting not 
only South-east Asia but also nearly wiping out populations of unique animals – such as 
equator-dwelling penguins – some 18,000km away, on Ecuador’s Galapagos Islands.  

Photo: Mark Cheong/ The Straits Times  
An aerial view of a scorched acacia plantation in Bengkalis Regency, Indonesia, in April 
2019. Fires are often started by farmers to clear land, but they can spiral out of control 
during El Nino years. This year, the fires may be affected by a weak El Nino. 
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The year 2019 is an El Nino year too, according to the United States National Oceanic 
and Atmospheric Administration (NOAA, 2019) .  1

But it is a weak one with warm sea surface temperatures centered mainly in the middle 
of the Pacific, and so far, the lack of atmospheric response has spared Pacific Rim nations 
its scourge.  

Future El Nino events may not be as gentle.  
While El Nino is a natural phenomenon that has occurred before and would do so again 

regardless of human-caused climate change, some studies have shown that they could 
become more intense and frequent as the world warms (Cai et al, 2014).  

Still, the verdict of how climate change could affect El Nino onset and magnitude is not 
final, as the science is not yet conclusive (Freund et al, 2019; Collins et al, 2010).  

But El Nino and its impacts — ranging from changing rainfall patterns to warming seas — 
could still offer us a glimpse into what things would be like in a warming world. 

The boy child  
Like the tantrums of a petulant child, the destruction that El Nino has wrought in recent 

decades has made the world sit up and pay more attention to it.  
The 1982 event, in particular, was a turning point (Wang et al, 2016). That year, El Nino 

caused a global catastrophe – it caused droughts in the western Pacific and beyond – 
going as far west as Africa and India – and dumped huge amounts of rain in Ecuador and 
northern Peru (Canby, 1984). 

That event also resulted in one of the first reports of El Nino in the mainstream media. In 
February 1984, the National Geographic ran a multi-page report documenting the impacts 
of the 1982 event (Canby, 1984). 

But El Nino is not a new phenomenon.  
It was christened by Peruvian fishermen centuries ago (Ros-Tonen, 1999) . The fishermen 

had observed a periodic warming of the ocean along the South American coast – usually a 
rich fishing ground (Ros-Tonen, 1999) – which emptied their nets of fish.  

As this usually occurred around Christmas, they named the phenomenon El Nino, a 
reference to the birth of Jesus Christ. 

Mr Rodney Martinez, international director for the International Research Centre on El 
Nino, or CIIFEN, said the term has since been “kidnapped” by the scientific community 

 As defined by NOAA, El Nino refers to a “phenomenon in the equatorial Pacific Ocean 1

characterized by a positive sea surface temperature departure from normal in the Niño 3.4 
region greater than or equal in magnitude to 0.5 degrees C (0.9 degrees Fahrenheit), 
averaged over three consecutive months”. (NOAA News Online, 2005)
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(Martinez, 2019). It was not a bad thing, he said, although it may cause confusion since the 
same name was used to refer to phenomena of different scales. 

“For Peruvians and Ecuadorians, El Nino is a local event that happens when there is a 
sustained warming of the ocean that brings heavy rainfall in some places,” he said 
(Martinez, 2019).  

Today, El Nino is better known by the international community as a global phenomenon 
that involves a coupling between the ocean and the atmosphere, with a footprint spanning 
the tropical Pacific Ocean (Ros-Tonen, 1999).  

It can also affect weather beyond the Pacific basin through links known as 
teleconnections (Ros-Tonen et al,1999). 

At a broader scale, El Nino refers to the warm phase of the El Nino-Southern Oscillation, 
one of the world’s largest natural climate cycles that influences sea surface temperatures 
and rainfall patterns (Trenberth, 1997). The cool phase, known as La Nina, has an opposite 
effect – causing more rain in the west, and drier conditions in the east  (Fasullo et al, 2018).  

Both El Nino and La Nina 
causes changes to rainfall 
patterns.  

But El Nino events can be 
more destructive.  

As the Pacific Ocean warms, 
it energizes the ocean, charging 
up the atmosphere and 
affecting rainfall patterns, said 
Dr Xie Shang–Ping, a climate 
modeler and El Nino expert 
from the Scripps Institution of 
Oceanography in La Jolla, 
California (Xie, 2019).  

“The atmosphere just 
doesn’t respond as strongly to 
La Nina as it does to El Nino,” 
he said (Xie, 2019).  

Today, the observations of 
the Peruvian fishermen are still valid, illustrating the link between sea surface temperatures 
and rainfall patterns (Cai et al, 2014). 

It is, after all, this coupling between the ocean and the atmosphere that determines the 
strength of the impacts of an El Nino.  

Photo: Mark Cheong/ The Straits Times  
Climate modeler Xie Shang-Ping with “Rock Nino” at a beach in La Jolla, California, in April 
2019. During El Nino years, this rock can be exposed by more than 1m, as high waves 
brought about by the climate phenomenon pounds away at the beach, causing erosion. 
Because it serves as a visual reminder of the impacts of El Nino, it was dubbed “Rock Nino” 
by Dr Xie.
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The climatic see-saw  
The Pacific Ocean is the largest ocean basin on earth.  
Unsurprisingly, it is not a uniform body of water, and the differences influence the 

climate of various regions. 
Under normal conditions, the western Pacific is much warmer than the east.  
The reason for this lies in the way the winds blow.  
In the tropical Pacific Ocean, winds mainly blow from east to west. These predictable 

trade winds, as they are known, keeps warm water confined around the maritime 
continent.  

Said Dr Xie: “Evaporating warm water fuels the rainclouds in the western part of the 
tropical Pacific. That explains why Singapore and Indonesia are blessed with a lot of 
rainfall.”(Xie, 2019) 

Things are different in the east.  
When the trade winds blow, they push water away from the South American coast in a 

process known as Ekman transport (Halpern, 2001). This causes water from the depths of 
the ocean to well up toward the surface . Deep waters are cooler, and they contain many 
nutrients from sinking organic matter.  

Source: Reuters (Corones, 2016) 
Caption: The state of the tropical Pacific Ocean during neutral (left) and El Nino years.



As they move to the surface, they stimulate the oceanic food web. This upwelling is one 
of the reasons why some of the world’s richest fisheries can be found along the South 
American coast (Ros-Tonen, 1999).  

But cooler waters also cool the atmosphere above it, causing air to sink and creating an 
area of high pressure. This makes it harder for rain clouds to form (Cai et al, 2014; Ros-
Tonen, 1999). 

When an El Nino hits, on average every three to five years (Wang et al, 2016), it disrupts 
the prevailing circulation patterns in the atmosphere and ocean.  

Scientists believe the weakening of the trade winds may be what kickstarts this process, 
although the exact trigger is still being studied (McPhaden et al, 2006). 

As the trade winds weaken, the pool of warm water in the west is no longer confined to 
that region, and a tongue of warm water now extends from west to east.  

As the warm water moves toward the central and eastern Pacific Ocean (see Box 1), the 
rainclouds follow. 

More warm water in the east pushes the cooler waters to deeper depths via 
downwelling Kelvin waves, and what upwells to the surface is warm water. This reinforces 
the original change, and is why El Nino impacts can stretch over months (Ros-Tonen, 1999; 
Bjerknes, 1969). 

As the oceans warm and heavy rain falls, native wildlife in the eastern Pacific can be 
severely affected (Cai et al, 2014). 

In the Galapagos Islands, birth place of Charles Darwin’s theory of evolution, the 
population of the world’s only equator-dwelling penguins was almost wiped out in the 
aftermath of the 1982 El Nino, with population levels falling almost 80 per cent (Boersma, 
1998).  The event had cut off the supply of nutrient-rich deep water, causing a collapse of 
the oceanic food web and organisms reliant on it, such as the penguins, said Charles 
Darwin Research Station sea bird researcher Gustavo Jimenez (Jimenez, 2019). 

Photo: Mark Cheong/ The Straits Times  
The Galapagos penguin, the only equator-
dwelling penguin species, experiences sharp 
declines in their population during severe El 
Nino years. As the warm pool of water 
spreads east, it cuts off the supply of nutrient-
rich cool water — a lifeline for these unique 
animals. 
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The climate change link 
El Nino, with its wide reach across the Pacific Ocean and beyond, has affected human 

lives, livelihoods and biodiversity – impacts that will also be wrought by the changing 
climate. 

Assistant Professor Winston Chow, a climate scientist at the National University of 
Singapore, said there are certain analogues to climate change that can be drawn from 
these events.  

“Some aspects, such as increased atmospheric warmth and sea surface temperatures, 
can be useful examples of equivalent climate change conditions,” said Prof Chow, who is 
also a lead author for the upcoming report by the Intergovernmental Panel on Climate 
Change. El Nino events provide a natural “stress-test” to see how human and natural 
systems deal with the changes, and the adaptation measures that can be taken, he said 
(Chow, 2019). 

CIIFEN’s Mr Martinez agreed. 
He said: “If we prepare for the impacts of El Nino, we are also working to mitigate the 

impacts of extreme events, which are the strongest evidence of climate change.” (Martinez, 
2019) 

Singapore, for instance, is preparing to deal with drought by investing in weather-proof 
sources of water, such as desalination, and Newater, or recycled used water (Tan, 2016).  

Other countries, such as Indonesia and the Galapagos Islands – ground zero for El Nino 
– are doing the same, as The Straits Times recently discovered on two reporting trips 
across the Pacific Ocean.  

A strategy for both archipelagos is the protection of natural ecosystems, such as 
Indonesia’s sprawling tropical rainforests and peatlands, and the pristine habitats on the 
Galapagos. 

Said Mr Martinez: “In our experience, grey infrastructure do not solve the problem. They 
just shift the impacts somewhere else.” Seawalls built along a river, for example, may 
protect a city from being flooded, but not an area further downstream. However if you 
manage the degradation of the riverine ecosystem, if you keep the vegetation, the river 
can retain water better, reducing the possibility of floods overall,” said Mr Martinez 
(Martinez, 2019). 

The interconnectedness of the global climate system and economy all point to the 
importance of climate action by all. 

Said climate scientist Michael Mann from the Pennsylvania State University: “El Nino 
touches just about every continent, including the United States, Eurasia, Africa, Australia.  
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BOX 1: THE “FLAVORS” OF EL NINO

Source: NOAA 

As described by Bjerknes (1969), the development of an El Nino hinges on variations 
in both the ocean and the atmosphere across the tropical Pacific Ocean .  

When the trade winds weaken, the pool of warm water usually confined in the 
western Pacific “sloshes” toward the east, bringing the rainclouds with it (Cai et al, 2014).  

More warm water in the east pushes the cooler waters to deeper depths, and what 
upwells to the surface is warm water. Warm water at the surface energizes the 
atmosphere and reinforces the initial change. 

These are the basics behind every El Nino event. But because the ocean and the 
atmosphere are fickle systems, no two El Ninos are ever  the same.  

Studies have identified two main types, or “flavors”, of El Ninos — Eastern Pacific (EP) 
El Ninos, and Central Pacific (CP), or Modoki, El Ninos (Paek et al, 2017; Freund et al, 
2019). Both have different implications for Latin America, with EP El Ninos being more 
destructive for Latin America compared with CP El Ninos. 

EP El Ninos are so called when warm sea surface temperatures are located farther 
east. This decreases the upwelling of cool, nutrient-rich water that usually happens on 
the Pacific coast of South America and can have severe repercussions in places such as 
the Galapagos Islands (See Chapter 3). Examples of EP El Ninos that affected Latin 
America are in 1982/83 and 1997/98 (Cai et al, 2014). 

In contrast, CP or Modoki El Ninos occur when warm sea surface temperatures are 
located more in the Central Pacific, near the International Date Line (Paek et al, 2017). 
During these events, Latin America may not suffer as badly. The most recent globally 
significant El Nino event in 2015/2016, for example, was a CP El Nino that did not affect 
Latin America as badly as during EP years (Lim et al, 2017; Martinez, 2019) (See section 
on ‘Prediction in the face of uncertainty’).  
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“And because we live in an interconnected global economy, extreme impacts in one 
region can... cause global spikes in prices of commodities and food.” (Mann, 2019)  

Indeed, Scripps’ Dr Xie noted that models used to project the intensity of El Nino have 
been inconsistent under different warming scenarios (Xie, 2019; Freund et al, 2019).  

As Collins et al (2010) notes: “The physical feedbacks that control the characteristics of 
the El Nino-Southern Oscillation (ENSO) are likely to be affected by (climate change). 
However, because the expected changes in the amplifying and damping processes could 
partly cancel each other out, it is not clear at this stage which way ENSO variability will tip.” 

But what is clearer is how climate change will affect rainfall patterns — a major impact of 
El Nino, said Dr Xie (Zheng et al, 2019).   

He adds: “During El Nino years, countries in the west Pacific could experience drier 
weather that could lead to droughts and wildfires, whereas those in the central and eastern 
Pacific could experience more rain — causing flash floods and the spread of diseases.” (Xie, 
2019) 

Natural El Nino events can change rainfall patterns drastically — but so can human-
caused climate change.  

Studies have also established a link between global warming and rainfall variability 
during El Nino events. As Zheng et al (2019) notes: “There is a need for greenhouse gas 
emissions reduction in near future to avoid more extreme tropical rainfall during El Nino.” 

The Intergovernmental Panel on Climate Change’s (IPCC) fifth and latest assessment 
report, for example, highlighted precipitation variability and extremes as a key risk that 
could affect food insecurity and other aspects of human life (IPCC, 2014). 

In a way, the impacts of severe El Nino events offer us a glimpse into what things could 
be like in a warming world.  

There is, however, a key difference.  
While the effects of El Nino are temporary, usually ending after a few months, unabated 

global warming could well drive permanent change and destruction. � 

15



PREDICTION IN THE FACE OF UNCERTAINTY 

Prevention may be better than cure (McPhaden et al, 2006).  
But with no way of preventing natural events such as El Nino - “the little boy” in Spanish - 

from leaving their mark with drought and flood, climate scientists are now looking to the 
next best thing: Better monitoring and  forecasts. 

Singapore’s own weatherman, for example, in 2019 launched a new monitoring system 
that provides tiered warnings of neutral, developing and fully mature El Nino conditions so 
government agencies and user sectors have sufficient lead time to respond (MSS, 2019). 

California, for example, saved US $1 billion during the El Nino event of 1997/98 by 
prudently acting on El Nino forecasts (McPhaden et al, 2006) . 

The ability to forecast the onset of El Nino is now more reliable (McPhaden et al, 2006), 
but making accurate predictions of its severity is a task clouded with uncertainty.  

Says climate modeler Dr Xie Shang–Ping of the Scripps Institution of Oceanography in 
California: “We have some confidence in event prediction. But in terms of magnitude, 
there’s still a long way to go.” (Xie, 2019)

“A strong El Nino event does not always indicate that impacts will be severe,” added Mr 
Rodney Martinez, international director for the Ecuador-based International Research 
Centre on El Nino, or CIIFEN (Martinez, 2019). 

The 2015 El Nino is one example.
Even though it was considered one of the three strongest ones in the past 66 years (Lim 

et al, 2017), it did not impact Ecuador and Peru as expected, said Mr Martinez. 
In South-east Asia, the “monster” El Nino brought drier conditions that worsened the 

smoke-belching forest fires in Indonesia and caused the worst haze episode on record 
(Tan, 2016).

Yet, across the Pacific Ocean, Ecuador and Peru were hardly affected. 
Says Mr Martinez: “We made a prediction that we would have a strong El Nino that year, 

but it never happened – there was no significant impact in Ecuador.” (Martinez, 2019)
There were two reasons for this.
One, the eastern Pacific Ocean did not warm as much as it did during the other strong El 

Nino events in 1982 and 1997 (See Box 1), said Mr Martinez.  
Two, local weather conditions in Ecuador and Peru shielded them from the intense 

rainfall that usually accompanied El Nino events, he added. An unusual circulation pattern 
had developed at the middle levels of the atmosphere  and prevented rainclouds from 
forming, says Mr Martinez.  

This prevented rain from inundating the coast. (Martinez, 2019) 
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Scientists are able to predict the onset of El Nino by using computer models, and 
through observations of sea surface temperature and atmospheric pressure differences 
across the Pacific Ocean.  

However, determining the strength of each event is not as clear-cut, due to the 
variability of the ocean and atmosphere. Research is ongoing in this area.  

But even with the uncertainty, nations can still take action.
Climate scientist Michael Mann, from the Pennsylvania State University, says building 

resilient infrastructure such as coastal defences and investing in drought-resistant crops 
are adaptive strategies that deal with the impacts of El Nino and long-term climate change.

He tells The Sunday Times: “They are, as we say ‘no regrets’ actions.” (Mann, 2019) ��

 

BOX 2: HOW EL NINO’S “FLAVORS" AFFECT THE W PACIFIC

The different “flavors” of El Nino have different repercussions for nations in the 
eastern Pacific (see “Prediction in the face of uncertainty”).  

But the impact of the flavors of El Ninos on western Pacific nations is less clear. 
Observations from one meteorological station there, however, indicates that the 
impacts of both flavors of El Nino in the region are similar. 

 Says Mr Raizan Rahmat, head for the seasonal and subseasonal prediction 
section at the Meteorological Service Singapore’s Centre for Climate Research 
Singapore (Raizan, 2019): “In the case of the very large El Nino events of 2015/2016 
(CP El Nino) and 1997/1998 (EP El Nino events), the impact on Singapore was 
similar, suggesting that the differences between EP and CP events for Singapore 
may be small.” 

El Nino and La Nina events are not the only variables that influence the climate in 
Singapore and the region, he adds. “Other regions influencing Singapore’s climate 
include the Indian Ocean and the South China Sea. These other parts of the 
coupled ocean-atmosphere system interact with ENSO variability.” 

Research is ongoing at the Singapore Centre for Climate Research on the 
complex linkages between the ocean and the atmosphere across the various 
regions.
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A SINGAPORE CASE STUDY* 
The notoriously difficult-to-predict El Nino weather pattern that clouded Singapore in a 

haze crisis four years ago could be back in some form this year. 
But this time, the Republic will be better prepared for it.
A new weather monitoring system was launched this year (2019) to better determine 

how El Nino – which usually brings hotter and drier weather to the region – could impact 
Singapore.

The system developed by the Meteorological Service Singapore (MSS) has indicated an 
“El Nino watch” state – one notch above “neutral” conditions. This is because the system 
has detected a slight warming over the tropical Pacific Ocean – a sign of an El Nino 
brewing .  

If mature El Nino conditions are detected from around June, the system will register its 
highest “El Nino” tier.  

As El Nino events usually mature in the second half of the year, a better picture of 
whether the alert on the monitoring system will be upgraded can be gleaned from June, 
said the MSS.

Mr Raizan Rahmat, head for the seasonal and subseasonal prediction section at MSS’ 
Centre for Climate Research Singapore, said: 

“The tiered warnings provide sufficient lead time that can better inform government 
agencies and user sectors across Singapore – such as national water agency PUB and the 
haze task force – so they can respond in a timely manner.”

International climate centers such as the United States National Oceanic and 
Atmospheric Administration (NOAA) use various methods for monitoring and predicting El 
Nino events.  

Previously, this caused difficulties in gauging the impacts that El Nino could have on 
Singapore when the centers did not agree. 

But MSS’ new system has El Nino condition thresholds that are tuned more to 
Singapore’s needs, said Mr Raizan. 
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Graphic: Meteorological Service Singapore.  
Last updated on May 13, the MSS’ new system 
incorporates local and regional weather 
patterns with international predictions to 
contextualize El Nino forecasts for Singapore. 
The nation in the west Pacific is now on an El 
Nino watch.



By monitoring local and regional weather conditions, such as winds and clouds, the new 
system helps to contextualize what generic international predictions could mean for 
Singapore, said Mr Raizan. 

For example, NOAA had in its May 20 forecast determined that “El Nino is present”. 
However, this is not the case for Singapore, given that El Nino conditions seem to be 

marginal, said Mr Raizan.Moreover, the aspect of El Nino that affects Singapore and the 
region the most – less rainclouds – has not yet been observed.  

Mr Raizan Rahmat said that while rainfall in Singapore during El Nino years is usually 
near or below average, the city-state also experiences plenty of variability during non-El 
Nino years. "During El Nino neutral years, rainfall could be above, near and below 
average," he said. But with climate change also increasing the likelihood of weather 
extremes such as drought, water security has emerged as a top priority for the nation (Tan, 
2016).  

Developed over the past year at MSS’ Centre for Climate Research Singapore, the new 
system is also able to separate changes in sea surface temperatures due to El Nino events, 
from the long-term warming trend due to climate change. 

“Removing the background warming trend is needed to avoid overstating El Nino 
events, and understating La Nina events,” said Mr Raizan. 

El Nino and La Nina refer to the warm and cool phases of the El Nino-Southern 
Oscillation (Enso), a natural climate cycle that can significantly affect weather patterns 
around the world. 

In South-east Asia, El Nino usually causes weather to be hotter and drier than usual. In 
2015, a severe El Nino worsened the haze-belching forest fires in Indonesia and caused 
the region to suffer its worst haze crisis on record (Tan, 2016). 

This climatic see-saw is tipped in the opposite direction during La Nina events. It causes 
more rain and raises the possibility of floods in South-east Asia. 

MSS’ new system provides warnings for both El Nino and La Nina events. 
There are five warning tiers in all: neutral; two watch states that indicate developing El 

Nino or La Nina conditions; and two states to indicate El Nino and La Nina conditions.
The highest alerts are given when either El Nino or La Nina conditions are expected to 

last for at least four months. 
This is because El Nino or La Nina episodes tend to be well-established beyond this 

period, said Mr Raizan.
Assistant Professor Winston Chow, a climate scientist from the National University of 

Singapore, said the lead time that the new system gave to agencies to prepare for the 
effects of El Nino could be useful. 
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He said: “Water levels in natural streams and reservoirs could decline in the event of an 
El-Nino induced meteorological drought in the region. If the Johor River, Singapore’s main 
water source in Malaysia  is affected, PUB could anticipate adjusting production from 
desalination and Newater (recycled used water) to manage Singapore’s water 
supply.” (Chow, 2019) � 

*Based on an e-mail interview with the Meteorological Service Singapore (Raizan, 
2019).  
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Chapter 2 

INDONESIA’S FORESTS FACE 
CLIMATE PARADOX 

https://www.straitstimes.com/asia/se-asia/indonesia-the-scars-of-el-nino 

 

Photo: Mark Cheong/ The Straits Times  
An aerial view of a scorched acacia plantation in Bengkalis Regency, Indonesia, in April 2019. Fires are often started by farmers to 
clear land, but they can spiral out of control during El Nino years.
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UP IN FLAMES  
RIAU, INDONESIA 

The fire cackled softly underfoot. 
It sounded soothing – harmless, even – but the small licks of fire that Straits Times 

photojournalist Mark Cheong and I saw in Indonesia’ Riau province in April 2019 belied 
the vastness of the problem.  

We were walking through what were once stands of acacia trees, grown for the 
production of pulp and paper. But hectares of acacia plantations had been reduced to 
scorched earth, laid waste by the ravages of fire. 

The licks of fire we saw were vestiges of a fire possibly still raging under the dried-out, 
flammable peatlands we stood on. Later, we learned from Mr Okto Yugo Setiyo, deputy 
coordinator for environmental group Riau Rainforest Rescue Network, or Jikalahari, that 
the fire had started a month before our arrival (Okto, 2019).  

These fires are not uncommon in Indonesia’s agroforestry landscape. But this year, their 
strength could have been influenced by El Nino – the natural climate phenomenon that 
brings hotter and drier weather to South-east Asia.According to the United States National 
Oceanic and Atmospheric Administration, this year is an El Nino year (NOAA, 2019).  

It is, however, no match for the one four years ago.  
Many Singaporeans may remember the “monster” El Nino event in 2015 as a big 

inconvenience.  
For two months in September and October, Singapore was shrouded in thick haze that 

disrupted outdoor events and caused many to seek shelter in air-conditioned malls. 
But for Indonesian journalist 

Mukhlis Senin Wijaya, 40, the crisis 
had a much higher cost: He lost his 
eldest son, Mohannum Anggriawati.  

The elementary school student 
was a precocious child close to his 
mother, and could speak four 
different dialects – Bahasa Indonesia, 
Arabic, English, and Hokkien, said Mr 
Mukhlis (Mukhlis, 2019). 

He was just 12 when he died in 
September 2015, after days of 
breathing difficulties and nights 
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Photo: Mark Cheong/ The Straits Times 
Indonesian journalist Mukhlis Senin Wijaya, 40, lost his son during 
the haze crisis in 2015. 



where he simply could not fall asleep.  
Mr Mukhlis’ family lives in Indonesia’s Riau province – one of the areas hardest hit by the 

pollution.  
Back then, the haze was so thick the air turned yellow, and the air reeked, he told us 

through a translator. 
“The haze incident is a bitter experience for my family,” he said.  
“Because of the haze in 2015, my son is dead.” (Mukhlis, 2019) 

The El Nino effect  
The extreme haze episode that year was caused by a “monster” El Nino – one of the 

three strongest to have occurred in the past 66 years (Lim et al, 2017).  
El Nino is a natural climate phenomenon that occurs every three to five years on average 

(Wang et al, 2016). When it hits, it causes weather in South-east Asia to be hotter and drier 
than usual. Without rain to help douse the fires usually started by humans to clear land for 
plantations, they spiralled out 
of control (Tan, 2015).  

The remote location of the 
fires can delay fire fighters , 
hampering efforts to put them 
out quickly 

For an idea of the vastness 
of the landscape, picture this: 
It took us about 10 hours by 
car, ferry and motorcycle to 
get from Pekanbaru, the 
capital of Riau, to the site in 
Bengkalis regency where we 
saw the remnants of the fire. 

The impacts of El Nino 
usually last just a few months.  

But with climate change, 
scientists in Indonesia say they are certain that the impacts of El Nino would be felt more 
keenly.  

Dr Arief Wijaya, senior manager for climate and forests at think tank World Resources 
Institute (WRI) Indonesia, said: “El Nino events are getting more frequent, causing a lot of 
losses in terms of the areas burnt, the impact on health, and total economic loss.” (Arief, 
2019) 
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Photo: Mark Cheong/ The Straits Times 
Writer Audrey Tan (left) en-route to the fire site in Bengkalis Regency. It was a 
10-hour journey by car, ferry and motorcycle to get from Pekanbaru, the 
capital of Riau province, to Bengkalis Regency.



The World Bank estimated that the haze crisis in Indonesia in 2015 incurred more than 
US$16 billion in economic damages (World Bank Group, 2016). 

Estimates by researchers from the Harvard and Columbia universities in the United 
States had put the number of early deaths caused by the haze that year at 100,000 (Koplitz 
et al, 2016).  

The number is staggering, yet statistics mask the pain of families coping with the loss of 
their loved ones, like Mr Mukhlis’ . 

Coconut farmer Muis, who like many Indonesians goes by one name, also recalls a 
negative brush with El Nino back in 2015 .  

The 55-year-old from Riau province said that coconuts fell to the ground before they 
grew big enough to sell (Muis, 2019). 

“Usually, I harvest about 700kg of coconuts twice a month. But when El Nino came in 
2015, I could only harvest once in two months,” he said in Bahasa Indonesia.  

Scientists are still studying how climate change would affect the frequency and intensity 
of El Nino.  

As the Intergovernmental Panel on Climate Change noted in its fifth and most recent 
assessment report, “changes in (El Nino) intensity for the 21st century are uncertain”, due to 
varying conclusions by different climate models (IPCC, 2014). 

But on the ground, El Nino is felt differently.  
From Indonesia to the Galapagos Islands – archipelagos across the Pacific Ocean that 

are ground zero for the impacts of El Nino – scientists, farmers and activists I interviewed all 
point to the growing burden of the phenomenon.  

In Indonesia, Dr Arief said fires exacerbated by El Nino events are occurring at a quicker 
pace. In the 1980s, the country endured just one strong El Nino event in 1982, he said. In 
the 90s, there were two to three, including the globally significant one in 1997.  

“Big forest fires used to happen once a decade. But from 2000 till 2015, there have been 
at least four big fire events in Indonesia, causing haze and the smoke in the region,” Dr 
Arief said, pointing to El Nino events in 2003, 2007, 2013 and 2015. 

For Indonesia, the growing impacts of El Nino could boil down to how land there is 
being managed (McPhaden et al, 2006).  

There, forests are being cleared for plantations, to feed the world’s increasing appetite 
for commodities like palm oil.  

Figures from the Center for International Forestry Research show that plantations in 
Indonesia and Malaysia produce around 85 per cent of global palm oil supply (Pacheco et 
al, 2017). 

As Mr Mukhlis acknowledged: “The haze may be worsened by natural events, but 
humans started it.” (Mukhlis, 2019) 
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The peat problem  
In Indonesia, fire is often used by small-time farmers and larger agroforestry companies 

as a tool to clear land for oil palm and pulp and paper plantations (Tan, 2015). 
Fire is commonly used around the world for opening new agricultural land (Welch et al, 

2018), but in Indonesia, this practice is problematic because of the scale at which it is 
carried out, and the type of soil that most of these plantations sit on – peat. 

Peat swamps are carbon-rich ecosystems that form when dead plants are left in water-
logged soil. Organic matter accumulates, layer upon layer, locking in carbon below 
ground. But cash crops like oil palm and acacia do not do well in waterlogged soil (Arief, 
2019).  

So large agriculture companies drain the land by building canals (Tan, 2015). As the 
peat gets exposed to air and dries, the organic matter in it becomes fodder for fire.  

Said Mr Okto: “This makes the peatlands more flammable, and areas around the 
plantations are also at risk of fire.” (Okto, 2019) 

We got the chance to see burnt peat in Bengkalis regency during our reporting trip 
there in April. While there, Mr Okto grabbed a handful of the ground we stood on and 
held it out to us. 

He says: “Peat swamps are supposed to be water-logged. But when they are drained 
and burned, they look like this, like a dried -up sponge. 

With a solemn face befitting of the landscape we were in, he said: “This is a peatland 
that has been destroyed.” 
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Photo: Mark Cheong/ The Straits Times 
Mr Okto Yugo Setiyo, deputy coordinator for environmental group Riau Rainforest 
Rescue Network, standing against a backdrop of burnt peatland that is the site of a 
pulp and paper plantation.



Climate paradox  
As the world discusses avoiding the harshest impacts of climate change by investing in 

renewable energy and reducing reliance on fossil fuels, Earth’s natural defences against 
global warming are sometimes underestimated.  

Tropical rainforests and peatlands, for instance, help to absorb heat-trapping carbon 
from the atmosphere. Peatlands, in particular, are highly efficient carbon sinks – they store 
20 times more carbon than non-peat mineral soils, said the WRI (Seymour and Tjokorda 
Nirarta Samadhi, 2018)  

Yet, as the example of the peatlands in Indonesia has shown, these important 
ecosystems face many threats – from El Nino, climate change, and human activity such as 
deforestation.  

National University of Singapore botanist Lahiru Wijedasa said El Nino events and the 
drought-like conditions they bring to South-east Asia have been affecting forests for 
centuries. What has changed, however, is their ability to recover (Lahiru, 2019) 

Deforestation and logging have broken up forests into smaller patches, causing the 
forest to dry out. This is known to scientists as the edge effect, said Mr Lahiru. 

Poaching of animals also affects the forest’s ability to recover, he added. When seed 
dispersers such as birds are poached for the pet trade, it is harder for seeds to be carried 
to barren areas where they could re-colonize. 

Throw in the effects of El Nino, or changing rainfall patterns due to climate change, and 
you get a recipe for disaster, he said.  

Trees, says Mr Lahiru, are not too different from marathon runners: “They can get 
through a drought by using their internal energy, but if they have to do this repeatedly, 
they exhaust this store of energy.” 

Some trees, especially those in regions where there are seasons, may be accustomed to 
drier conditions and are able to survive if dry spells occur with ample recovery time 
between them. But if the climate changes and dry spells happen more frequently, the 
worry is that they cannot.  

“If you run a marathon and you have enough time to recover, you can run again. Without 
that time, you cannot run as far as you did previously,” he said. “Repeat this a few times, 
and a runner will just manage a kilometre before collapsing.” 

The good news is that in the aftermath of the 2015 haze, Indonesia has rolled out a slew 
of preventive measures.  

They include efforts to reduce the occurrence of fires such as damming up canals to re-
flood dry landscapes or measures to suppress the blazes when they erupt (Tan, 2018). 
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In October 2018, Indonesia also established the International Tropical Peatland Centre 
in Jakarta. An initiative of Indonesia, Peru, the Democratic Republic of the Congo and the 
Republic of the Congo, the research centre aims to develop scientific projects that will 
inform the conservation and sustainable management of tropical peatlands, which can be 
found in all four countries (Tan, 2018).� 
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SAFEGUARDING THE JAVAN LEOPARD’S SAFE HAVEN 
WEST JAVA, INDONESIA 

In a swath of young jungle in the Gunung Gede Pangrango National Park in West Java, 
Indonesia, the rare Javan leopard has made a comeback.

Camera traps have detected the presence of the Javan leopard (Panthera pardus melas) 
– found only in the Indonesian island of Java and nowhere else in the world – in the 300ha 
plot of land that was once a vegetable plantation (Ario, 2019).

This is testament to reforestation efforts in the park by the Indonesian government and 
international environmental group Conservation International (CI). 

Their efforts benefitted more than just the wildlife.  
As soon as photojournalist Mark Cheong and myself stepped under the young canopy, 

we could feel the temperature drop noticeably. 
“This is how forests reduce the effects of global warming,” says our guide Ade Bagja 

Hidayat, the park’s head of public relations and member for forest ecosystems controls 
(Hidayat, 2019). 
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Photo: Mark Cheong/ The Straits Times 
Mr Ade Bagja Hidayat, head for public relations and member for forest ecosystems controls at Gunung 
Gede Pangrango National Park, in a reforested area within the park in West Java. The forest provides 
plenty of ecosystem services — cooling Earth, providing water, and a refuge for rare biodiversity.



Forests cool their surroundings, and take in carbon dioxide – the main greenhouse gas 
responsible for global warming – to produce oxygen through a process called 
photosynthesis, he said.

Carbon dioxide traps heat in the atmosphere. The Intergovernmental Panel on Climate 
Change has said carbon dioxide concentrations have increased 40 per cent since pre-
industrial times, primarily from fossil fuel emissions and land use change (IPCC, 2013)

But Earth has natural defences against this warming, and tropical rainforests are one of 
them. 

They help to regulate the planet’s climate when they absorb carbon dioxide from the 
atmosphere. 

As tropical rainforests are located near the equator, they get plenty of sunshine all year 
round. This allows them to photosynthesize for longer periods compared to temperate 
forests, which undergo seasons, says Dr Arief Wijaya, senior manager for climate and 
forests at think-tank World Resources Institute Indonesia (Arief, 2019).

South-east Asia is home to the third largest tropical rainforest in the world, after the 
Amazon in South America and the Congo basin in Africa (Arief, 2019). 

These ecosystems also have local significance, providing essential services for people 
living around them. 

The mountainous Gunung Gede Pangrango National Park, for example, is part of a water 
catchment that channels rainwater to more than 30 million people in five cities, including 
Jakarta, the capital of Indonesia (Ario, 2019).  

It is little wonder, then, that the names of villages around the park have references to 
water – “Ci”, in Sudanese (Ario, 2019). 

But the forest, home to rare wildlife such as the silvery gibbon and the Javan leopard, 
faces many threats, sys Mr Anton Ario, senior manager for the terrestrial program at CI 
Indonesia (Ario, 2019).

For instance, people from Cihanyawar Village had previously ventured into the forest, 
cutting down trees to clear land for building homes or planting vegetables .

CI is now working with the Indonesian Ministry of Environment and Forestry to conserve 
the habitat through reforestation and community development programs. 

Ten years ago, 120,000 trees were planted on 300ha of land in the national park. Today, 
the ecosystem has improved significantly – camera traps show the presence of the Javan 
leopard.

Says Mr Hidayat: “Its presence shows that this ecosystem is doing well. If the Javan 
leopard is here, it means the other animals in the food chain are here, too.” (Hidayat, 2019)

On the community development front, Mr Anton says CI helps villagers look for 
alternative income sources, such as starting small businesses. 
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Water is an important touch point.  
Previously, villagers had to make a round-trip journey of 2km to a nearby river to retrieve 

water, which is often brown in colour.
But in 2008, CI collaborated with Japanese technology company Daikin to provide the 

500 families in the village with water stations that pipe cool, clear water from the forest into 
the village.

Says Mr Anton: “By showing the villagers that the source of the water is the forest, we 
help them understand why we have to protect and conserve the forest.” (Ario, 2019)

Villager Ujang Syarief, 58, says he once used to plant vegetables in the national park. 
Today, he rears chickens in the village and runs a small restaurant, or warung. 

The forests provides the village with unpolluted water, he tells us (Ujang, 2019) .
He says: “Before, I was planting inside the national park, but right now I don’t anymore.
“Water is life.”�
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Chapter 3 

WHEN EL NINO ROCKS 
DARWIN’S CRADLE OF 

BIODIVERSITY  

Photo: Mark Cheong/ The Straits Times  
A giant tortoise in the highlands of Santa Cruz in the Galapagos Islands in April 2019. Rain is common for this time 
of the year, when the Galapagos experiences its wet and warm season. But when too much rain falls, like during El 
Nino years,  it could threaten the survival of many species 

https://www.straitstimes.com/world/americas/galapagos-rocking-thecradle-of-
biodiversity. 

https://www.straitstimes.com/world/americas/galapagos-rocking-thecradle-of-biodiversity
https://www.straitstimes.com/world/americas/galapagos-rocking-thecradle-of-biodiversity
https://www.straitstimes.com/world/americas/galapagos-rocking-thecradle-of-biodiversity
https://www.straitstimes.com/world/americas/galapagos-rocking-thecradle-of-biodiversity


It is raining when we arrive on the Galapagos Islands, 1,000km off the coast of Ecuador, 
South America. The rain and humidity that clings to our skin is not unusual for April, when 
the archipelago experiences its typical warm and wet season. 

But when too much rain falls, as it does during some El Nino years, it can pose a severe 
problem for these volcanic isles of Darwinian fame. 

Straits Times photojournalist Mark Cheong and I had arrived on the shores of the 
Galapagos after spending the past month tracing the footsteps of El Nino – a natural 
climate phenomenon with a footprint spanning the Pacific Ocean.

This year is an El Nino year, according to the United States National Oceanic and 
Atmospheric Administration (NOAA). 

Our first stop had been another archipelago in the west Pacific – Indonesia, where El 
Nino usually leaves its mark with fire. 

When El Nino blitzes through South-east Asia, it tends to bring hotter and drier weather 
to the region, worsening the forest fires typical of Indonesia’s agroforestry landscape. 

But on the Galapagos Islands, El Nino has a wetter signature. As waters in the eastern 
Pacific Ocean warm, they fuel the formation of rainclouds. 

The islands enjoy two distinct seasons – the wet and warm season in the first half of the 
year, and a cooler, drier season, where precipitation comes mainly in the form of “garua” – 
a fine mist that hugs the highlands. 

But when an El Nino signal occurs, it interferes with these distinct seasons, says Mr Stuart 
Banks, science marine manager for the eastern tropical Pacific seascape at environmental 
group Conservation International (CI). 

 “It can make the weather wetter or drier than usual, and this represents extremes for 
species that live in the islands,” he says. “A very strong El Nino event can completely and 
dramatically change the nature of the ecosystems.” 

Thankfully, the El Nino that NOAA detected this year is a weak one. It is also centered 
mainly in the central Pacific, leaving the eastern end of the oceanic basin largely 
unscathed. 

Dramatic changes
The Galapagos Islands are well-known for being the birthplace of Charles Darwin’s 

theory of evolution. Today, the wildlife that served as Darwin’s muse continue to inspire 
scientists, tourists, and journalists, too. 

From tropical penguins to giant tortoises and birds with blue feet, the islands are home 
to all sorts of weird and wonderful creatures. 

We had our first glimpse of one of these creatures just minutes after our arrival. 
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A blue-footed booby sat preening on the rocks by the pier on San Cristobal, the bright 
blue of its feet apparent even through the veil of rain.  

As we stood transfixed at the sight of the bird, our guide Carmen Guzman, a biologist 
who has been living on the islands for more than 20 years, recalled how the 1997 El Nino – 
one of the most destructive for the Galapagos – affected these animals. 

She said: “They nest on the ground. But that year, because of the El Nino event, it rained 
a lot and there was water all over the place, so the boobies couldn’t nest and many adults 
abandoned their chicks.”

El Nino is a natural event that animals had to deal with long before human activity 
started changing the climate. But scientists fear global warming could further threaten 
Darwin’s cradle of biodiversity, home to many creatures found only in the Galapagos and 
nowhere else.

Dr Guzman said: “Climate change is not natural. Human activities are releasing gases 
into the air, polluting the land and the oceans, and all of these are interfering with natural 
processes.” (Guzman, 2019)

The impact of El Nino is relatively short-lived, changeable and hence not the same as 
long-term, permanent climate change. But there are still lessons that can be learnt .
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Photo: Mark Cheong/ The Straits Times  
A blue-footed booby and a Galapagos sea lion on the rocks next to the San Cristobal pier in the Galapagos Islands on April 21, 
2019. 



As a report by the World Wildlife Fund and CI (2011) noted: “Because the effects of El 
Nino are much the same as the effects projected under climate change, it’s helpful to look 
to the impacts of El Nino for clues to how species might react to longer-term climatic 
changes.”

Another unknown is how the nature of El Nino would be altered in this era of climate 
change. Said Dr Carlos Mena, co-director for the Galapagos Science Centre: “Personally, I 
think the most problematic issue for the Galapagos would be the increase in intensity and 
frequency of El Nino events.” (Mena, 2019)

If that happens, animal populations would not have enough time to recover, he said. 
The 1982/1983 El Nino event was among the most destructive for Galapagos and 

Ecuador, says Dr Mena. Rain flooded communities and washed away homes, and the 
warming ocean devastated wildlife communities on the Galapagos and practically led to 
the collapse of fisheries in Ecuador, Chile and Peru.

Today, the memory is still deeply etched into the minds of people in the region. 
Mr Rodney Martinez, an oceanographer born in Guayaquil, is the international director 

for the International Research Centre on El Nino (CIIFEN), which makes El Nino forecasts 
for Latin America so policy-makers can take action.

He tells The Sunday Times from his office in Guayaquil, Ecuador: “El Nino is very popular 
in Latin America – so popular that we have to be extremely careful in mentioning El Nino, 
because many things happen.

“Markets, investments, trade – all these are affected at the slightest hint of El Nino, 
because we have reminders of what happened in 1982 and 1997.” 

The 1997 El Nino, for example, racked up US$ 2.8 billion in losses in Ecuador alone, says 
Mr Martinez. 

Under the warming sea
Off the coasts of Latin America, where some of the world’s richest fisheries can be 

found, the impact of El Nino is hardest felt in the ocean.  
The Galapagos penguin – the only penguin species that lives so close to the equator – is 

perhaps poster child for this.
On average, their numbers range between 2,000 and 4,000, says Dr Gustavo Jimenez, 

principal researcher for marine birds at the Charles Darwin Research Station. 
But in the aftermath of the 1982 El Nino, their numbers plunged 80 per cent, leaving just 

300 individuals, he says.
History repeated itself in 1997, when another strong El Nino hit the islands. That year, 

the penguin population fell 60 per cent, dwindling to 400, says Dr Jimenez.
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The very reason for the penguins’ high mortality during El Nino events is, ironically, also 
why this cool-adapted species can be found so near the equator.  

It all boils down to the way the currents swirl around the islands.
The Galapagos Islands sit at the crossroads of three major surface ocean currents in the 

Pacific Ocean: the cool South Equatorial and Humboldt currents that come from the east 
and the south-east respectively, and the warm Panama current, which streams down from 
the north-east. 

The Galapagos also receives another sub-surface current: The Cromwell undercurrent 
from the west, in particular, is what helps the penguins thrive on Isabela and Fernandina 
islands, located on the western end of the archipelago. 

Says CI’s Mr Banks: “The westerly Cromwell current is a submarine current that sits 
between 50m and 100m below the surface. When it hits the western islands, it causes an 
upwelling, like a hose firing against the base of a platform.”

The upwelling of cool, nutrient-rich water stimulates the oceanic food web, allowing 
phytoplankton to bloom, providing a buffet for fish that the penguins enjoy in turn. 

It also provides a unique cool water refuge on the equator. 
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Photo: Mark Cheong/ The Straits Times  
The Galapagos penguin, the world’s only equator-dwelling penguin species, experiences sharp declines in their population during 
severe El Nino years.



El Nino and La Nina events, however, disrupts this status quo.
La Nina is the sister to El Nino, bringing cool waters to the archipelago. During La Nina 

events, penguin numbers go up, says Dr Jimenez.
El Nino, on the other hand, arrives on the Galapagos on a red “carpet”, as warm water 

spreads across the Pacific Ocean. This is often depicted in maps as a swelling pool of red 
across the ocean basin. 

As warm water journeys east, it pushes the cool water that usually upwells along the 
coasts of South America to deeper depths. This means the water that wells up is warm and 
nutrient-poor instead.

When this happens, the oceanic ecosystem starves from the bottom-up, says Mr Banks. 
Penguins are not the only casualties. After the 1982 El Nino, there was high mortality 

among corals on the Galapagos Islands (Logan, 2019; Glynn, 1984). Bleaching occurs 
when when water that’s too warm causes corals to expel algae living in their tissues.  

Marine iguanas – reptiles found only in the Galapagos – are also hit hard when higher 
water temperatures kill off algae they scrape off the seafloor (WWF and CI, 2011). 

Slowing the tide of invasion
El Nino, however, affects different sectors in different ways. 
Cattle ranger Geovanni Saigu, who owns a 50ha farm in the highlands of San Cristobal, 

says increased rainfall can help some farms. “Rain helps to fill the reservoirs, and also helps 
the grass grow better, providing more food for the cows,” says Mr Saigu, 37 (Saigu, 2019).

But not all farmers benefit. Vegetable farmers could suffer crop losses when too much 
rain drowns tomato and cucumber plants.

Higher rainfall also helps alien species, such as blackberries and guava plants, grow 
better. When birds such as finches peck at the fruit and spread their seeds, these plants 
spread further.

Biologists consider invasive species detrimental for the pristine ecosystems, as they can 
outcompete natives. Blackberries, for example, are threatening the endemic Scalesia 
forests on the island of Santa Cruz (Jager et al, 2017). 

Alien species of animals are also affecting nature’s balance. Goats brought to the islands 
by early settlers consume endemic plants, and damage the nests of giant tortoises with 
their foraging, says Mr Eduardo Espinoza, director for ecosystem services at the Galapagos 
National Park . 

Amid globalisation, eradicating invasive species is practically impossible, and projects to 
remove them do not come cheap, says Mr Espinoza. An initiative to remove goats from 
Isabela island cost US$8 million, he adds. 
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The Galapagos National Park is undertaking many efforts to slow the tide of invasion 
and to reduce the impact of human activities. 

All ports of entry to the islands have staff who inspect bags for agricultural products. 
Tourism is also carefully managed – visitors must be accompanied by a guide when 

visiting protected areas, and strict controls limit the number of tourists visiting certain 
areas. 

These efforts are crucial for the islands, considering that the twin engines of the 
economy of the islands – fisheries and eco-tourism – are heavily dependent on nature. 

A 2016 report by the United Nations Educational, Scientific and Cultural Organisation 
(Unesco) had noted that tourism on the Galapagos generates US$418 million annually, of 
which US$61 million enters the local economy. This, said the report, “accounts for 51 per 
cent of the islands’ revenue” (Markham et al, 2016).

But climate change and global warming is not an issue the Galapagos can combat on its 
own, says Mr Espinoza. 

What the national park can do is to mitigate the impact of human activity, so natural 
ecosystems are more resilient to climatic shocks.

He says: “You will always have natural threats, like El Nino, and climate change is global. 
But if you add on other threats from humans, like invasive species, pollution or destruction 
of their natural habitats, it is an extra weight for them.”

He adds: “Many people think that resources are materials and things, like money or 
laptops. But nature is also a resource – it gives us the air we breathe, the water we drink. 
And on the Galapagos, our nature is what the tourists come to see.”

Dr Guzman agrees, saying: 
 “We have to learn how to share our planet with the other animals and plants...because 

with our bad actions, we are deciding the future of the planet.” � 
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CORAL CRYSTAL BALL** 

 When British naturalist Charles Darwin arrived on the Galapagos Islands almost two 
centuries ago, he was so taken with its unique life that it became the natural laboratory 
where he developed his world-famous theory of evolution and natural selection. 

Today, the isles  continue to spark scientific imagination.
American coral researcher Cheryl Logan, for example, believes a study of corals there 

could yield insights into how coral reefs in other parts of the world cope with rising ocean 
temperatures.

Between 1982 and 1983, the Galapagos was affected by a severe El Nino. The heat was 
too intense for many corals in the Galapagos, and about 95 per cent of the corals across 
the archipelago died. 

Yet, there were pockets of hope, as coral communities – especially in the northern-most 
islands of Darwin and Wolf – have recovered, says Dr Logan.

Subsequent El Nino events also seemed to have less of an impact on the reefs. 
While the next major El Nino that  hit the Galapagos between 1997 and 1998 did affect 

the corals, it was to a lesser extent than expected, adds Dr Logan, an associate professor at 
the California State University, Monterey Bay. 

She says: “It could be that the few corals that survived the 1982/83 El Nino did so 
because they were genetically more tolerant to temperature stress.” 

Another hypothesis is that more heat tolerant larvae, or coral babies, had arrived from 
other locations through ocean currents, said Dr Logan.

Now, almost 40 years after the  1982/83 disaster, scientists think the survivors could 
have re-seeded populations that are more thermally resistant . 

It is a study of Darwin’s theory of natural selection in action, as researchers work to find 
out if traits beneficial to coral survival have been passed on through the generations. 

When complete, the study could help scientists predict how coral reefs elsewhere cope 
after being exposed to warming ocean temperatures, says Dr Logan. 

Hard coral rely for nutrition on photosynthetic algae that live in their folds. But when 
waters get too warm, the coral expels the algae – causing them to go white. Corals die if 
this relationship breaks down for too long. 

As coral reefs are home to many other animals, such as baby fish, their loss could have 
knock-on effects for the ocean and human communities that rely on them. 

Dr Logan’s research is supported in part by a grant from the National Geographic 
Society and a Fulbright fellowship. She is working with fellow scientist Margarita Brandt 
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from Ecuador’s Universidad San Francisco de Quito, on the ongoing study to find out how 
resilient corals in the Galapagos are to temperature fluxes. 

The scientists believe that the Galapagos corals may be able to cope with a wider 
temperature range, because the islands are also exposed to cool currents – unusual for 
equatorial coral reefs, a tropical habitat. 

Their experiments involve gene expression analyses of coral tissue, as well as lab 
experiments in which coral fragments are exposed to a range of temperatures.

Measurements and observations on variables such as coral colour are then recorded. 
With human activity emitting more heat-trapping gases into the atmosphere, scientists 

worry that warmer oceans could cause corals to suffer. 
“Computer models have shown that with unabated warming, sea surface temperatures 

will be high enough that most corals around the world will be gone, unless they have the 
capacity to respond biologically,” says Dr Logan.�

**Based on a personal interview with Dr Cheryl Logan (Logan, 2019). 
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EPILOGUE
El Nino is a natural phenomenon.  It has occurred for centuries, and would do so well 

into the future, regardless of anthropogenic climate change. Yet, its occurrence may hold 
many lessons for scientists and policy makers, and inform strategies on how nations can 
deal with and adapt to global warming. 

As this publication has examined, when El Nino emerges in the cyclical pattern that is 
the El Nino-Southern Oscillation, its winds of change can have significant social and 
economic impact worldwide. When the seas warm across the equatorial belt of the Pacific 
Ocean, El Nino can leave its mark with fire in the west and rain in the east. It can result in 
the deaths of humans and rare animals, disrupt livelihoods and destroy infrastructure.  

Over dozens of interviews in Indonesia and the Galapagos Islands, I found that the three 
major El Nino events of the past 66 years — 1982/1983, 1997/1998 and 2015/2016 — have 
left nasty aftertastes in the mouths of those who lived through it. But because of these 
painful reminders, many adaptive strategies, such as protecting natural habitats for their 
provision of ecosystem services, have been rolled out in both archipelagos. As more than 
one scientist has acknowledged, dealing with the impacts of El Nino puts nations in better 
stead to dealing with the impacts of climate change.  

But for individuals, what are the lessons that El Nino could teach?  
To me, it provides people with a glimpse into what things could be like in a warming 

world, making the issue of global climate change over longer time horizons something 
more relatable to the man in the street. El Nino’s impacts are similar to the projections 
made by the IPCC in an unabated warming scenario. But there is a key difference. While 
the impacts of El Nino are short-term and changeable, unabated global warming could 
well drive permanent change and destruction.� 
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