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 IMPACT OF EL NIÑO SOUTHERN OSCILLATION PHENOMENON

 ON THE PANAMA CANAL AND ITS MARKETS

INTRODUCTION

The Panama Canal is basically a man made water bridge that elevates vessels from sea level over mountainous terrain and lowers them back down to sea level using a lockage system.   The key ingredient in the entire process is tropical fresh water that comes from rainwater, springs and runoff from rivers and streams harnessed in a primary and secondary reservoir.   The site for the Canal and the lockage system were chosen because of the constant and reliable tropical downpours in the Canal’s watershed region, which provide the necessary water inflows to operate the Canal.

Any sustained reduction of the inflows to the watershed can adversely affect the Canal’s ability to provide optimal transit service for vessels at maximum draft.  Meteorological events such as El Niño have been directly linked to extended periods of dryness in the Canal’s watershed, and an acceleration of the evaporation process in the region.   As the Canal continues to provide transit service to customers during dry periods, the hydraulic resources in the reservoirs are steadily consumed without adequate restoration of the resources, leading to rapid declines in lake levels.   

When reservoir levels reach a critical low the Canal implements several strict measures in an effort to continue providing transit service to its customers.  The measure of last resort is to implement vessel draft restrictions, which causes an immediate adverse impact on cargo laden transiting vessels, which may have to discharge cargo in order to meet the temporary draft limit.    This condition negatively affects the profitability of that voyage and increases the operational costs for the owners or operators of the vessel.  Additionally, it creates a tenuous situation for the vessel, which may not be able to deliver the full cargo to its destination as originally planned and promised.

Through experience, the Canal has been well aware of the impact of a severe El Niño event.   To minimize the adverse effects of these events the Canal has invested millions of dollars in deepening programs to increase the storage capacity of the reservoirs and provide a deeper navigable depth along the sailing lines of the Canal.  

Although the Canal plans to embark on another deepening program in the near future, a long-term solution to draft restrictions is to create additional reservoirs within the watershed.   These reservoirs will also ensure the availability of potable water and hydroelectric resources over the long term.

Since the effects of an El Niño event are broader and more global in nature, adverse changes in weather patterns can have a negative effect on food production, agricultural infrastructure, and the transportation network leading to ports or inland waterways.

CHARACTERISTICS OF EL NIÑO

El Niño Southern Oscillation phenomenon (ENSO) is the result of warming of ocean temperatures off the western coast of South America. Important changes in temperature and precipitation patterns are often noticed during El Niño, having positive or negative impact on agriculture and water resources
.  This weather anomaly is known to occur every four to seven years and its effect on the Panama Canal depends on its degrees of intensity and duration.

According to experts, El Niño 1997/1998 was the worst El Niño event of the twentieth century because of extreme sea surface temperatures in the Pacific Ocean.  El Niño phenomenon had been developing since March 1997 and its strongest effects were felt during early 1998.  Although some of its effects may be beneficial, the phenomenon is better known for its negative effects on harvests, fishery yields and oceanic ecosystems, threatening food supplies in many regions.  

During fiscal years 1997/1998
, the Panama Canal suffered the impact of this phenomenon in two different dimensions.  The first one refers to specific commodity cargo volume flows.  As it was indicated above, El Niño has an effect on agriculture yields around the world.  Grains and other agricultural products are some of the main commodities that move through the Canal, therefore declines or increases in production and trade of these products are reflected in Canal performance.  The second one is a more direct effect on operations that derives from the changes in weather patterns brought about by the phenomenon.  The droughts experienced during fiscal years 1997/1998 forced the Canal to implement draft restrictions to transiting vessels.  

The purpose of this paper is to present a retrospection of the effects of El Niño phenomenon of 1997/1998 on the Panama Canal and its customers.  Given the relevance of El Niño on the Canal, it has become necessary to acquire knowledge of what El Niño is and its effects worldwide in order to anticipate its direct potential impact on Canal traffic in the future.

The previous strongest El Niño occurred in 1982/83, which caused flooding and extensive weather related damage in Latin America, severe droughts in Asia and Southern Africa, about 2,000 deaths, and losses estimated at $13.0 billion
.  In the U.S., the coast of California took over $1.0 billion losses in damage caused by storms, and Arizona suffered flooding, while the warm winter in the East and Midwest saved up to $500 million in heating costs for consumers
.

REGIONAL IMPACT

The years 1997/1998, El Niño Southern Oscillation produced droughts in Southern Africa, Malawi, Madagascar, and Zimbabwe affecting the production of corn, cassava, and sweet potato.  

Summer crop drying and winter grain development was slow in Northern India because of unseasonable cold weather.  Southeast Asia, Indonesia, North Korea, and parts of China felt the effects of severe droughts, which also triggered wild fires.  In contrast, some regions of Bangladesh and Cambodia suffered the effects of flooding.

In Latin America, a severe drought damaged maize, sorghum and bean crops in Honduras, Guatemala, Nicaragua, and El Salvador.  On the other hand, there were reports of floods in South America, especially in Ecuador, Bolivia, Argentina and Chile.   

In North America, the U.S. experienced a rather mild winter, but the East Coast of Canada received below-average temperatures for the season.   In Europe, widespread showers and mild weather favored winter grain establishment in Western parts and Baltic States, but unseasonably low temperatures in the South East affected planting.  Oceania’s winter grain crops remained favorable, but output was considerably lower due to reduced plantings and dry conditions earlier
. 

EFFECTS ON COMMODITY MARKETS
 

Soybean

Soybean prices declined during the early part of 1998, in spite of strong demand, due to 1997’s autumn 2.7 billion-bushel crops in the United States.  However, the prices improved by the end of the year due to the contraction of Argentinean, Brazilian, and Chinese crops caused by weather related problems.  Some areas of the Brazilian soybean region experienced dryness that caused at least 20% loss in yields.

Coarse Grains

The largest traded coarse grain is maize.  Prices gained strength by the end of 1997 after the US Department of Agriculture (USDA) indicated that supplies were tighter than expected for the next months, but this situation has no direct linkage to El Niño, while at the same time the Department also cut its estimate of U.S. maize stocks for September 1998 by 109 million bushels, suggesting that demand should remain strong.  The overall production of maize crops worldwide for 1997/1998 was reduced by about 18 million metric tons.

Wheat

El Niño did not affect wheat production severely in 1997.  Global production was up by 4% from 1996 mainly because of higher yields and larger plantings.  Prices fell from $40/ton in October 1997 to $20/ton by late January 1998.  There were reports about damage in China to the winter wheat crops; however, China held large amount of wheat stocks that offset this production shortage, which was not severe.  

Rice

Calendar year 1998 was a record year for global rice trade.  The overall effect of El Niño phenomenon was reduced production in Indonesia, Brazil, the Philippines, India, and South Africa, which led to record demand from these key importers
.  The volume of world rice trade is rather small compared to production, therefore, the effect of a slight change in production on import demands or export supply could have relatively significant implications for prices.   World production was 20 million tons below 1997 levels and most of this decline occurred in China, where heavy rain interrupted farming activities and destroyed crops in the fields
.

Sugar

Overall production of sugar went up in 1997/1998.   El Niño impacted harvests negatively in the Far East, mainly in Thailand, where lengthy droughts and late rains claimed its toll in sugar cane production.  However, this effect was offset by the positive performance of Brazil, Pakistan and Australia.  The price of sugar, which had remained fairly stable for the past ten years, experienced strong fluctuations since October 1997, when it opened at .12/lb, until September 1998, when it closed at $0.072/lb, an eleven-year low.  These fluctuations were caused by world economic conditions and strong growth in production. 

Fishmeal

El Niño caused a reduction in fish catch in Peru and Chile, which led to a significant drop in South American fishmeal production.  During the period of October 1997 through September 1998, fishmeal production hit a record low in twenty years.  The world fishmeal output was 2.1 million tons lower than in 1998/1999.  This shortage did not bring about higher fishmeal prices, as soybean meal production, a substitute, more than compensated for the decline.

Crude Oil

Oil prices declined as Iraq intended to increase its oil exports.  Iraq’s State Oil Marketing Organization announced its plans to export 150 million barrels of crude under the third round of the U.N.’s oil-for-food agreement, above the 127 million barrels registered in its previous sale
.  Mild winter temperatures in most regions of the United States contrasted with polar temperatures and ice storms on the East Coast of Canada and the Northeast of the United States.  The balance seemed to incline towards a fall in crude oil imports for heating oil, which experienced further price reductions during the first weeks of January 1998. 

CANAL TRAFFIC IMPLICATIONS 

Effects on Commodity Traffic and Trade Routes

Table No.1 - Panama Canal Selected Commodities Possibly

Affected by the 1997/1998 El Niño Episode

Cargo Long Tons for Fiscal Years 1996 - 1999

 
 
 
 
 

Commodity Description
1996
1997
1998
1999

Corn
24,327,394
18,094,238
18,295,749
23,502,203

Petroleum Products
19,421,853
18,415,001
18,924,557
19,660,926

Crude petroleum
13,364,877
12,326,985
11,797,121
8,968,388

Soybeans
8,621,085
10,311,614
10,040,741
11,650,508

Wheat
5,951,451
3,199,706
3,516,796
5,426,414

Sugar, raw
3,463,980
3,328,017
3,202,193
2,867,333

Bananas
2,395,545
2,496,455
1,927,963
2,236,291

Sorghum
1,434,395
1,554,843
1,896,246
1,386,611

Rice
822,690
753,718
1,057,449
904,185

Fish, refrigerated
750,601
646,424
676,390
544,078

Grains, misc
658,084
813,494
548,230
987,688

Fishmeal
593,227
661,325
326,121
320,986

Barley
562,017
486,432
332,982
295,334

Dairy products
115,341
154,221
110,069
68,774

Meat, refrigerated
110,731
104,891
121,718
141,862

Oats
57,355
97,206
103,220
23,591

Cotton, raw
53,974
22,522
4,472
36,965

Cocoa, raw and processed
53,624
33,815
30,132
56,054

Coffee, raw and processed
53,295
26,548
12,152
3,976

   Sub-Total
82,811,519
73,527,455
72,924,301
79,082,167

All Others
115,259,868
116,232,157
119,168,479
116,800,553

Total Cargo
198,071,387
189,759,612
192,092,780
195,882,720

Selected Commodities Percentage over Total Cargo
41.8%
38.7%
38.0%
40.4%

As a result of El Niño and its effects on world agricultural output, the Canal experienced slight changes in its traditional flow levels and composition of agricultural commodities.  It is, however, extremely difficult to assess the direct impact of this weather phenomenon on agricultural Canal traffic, since many other variables such as exchange rates, planting areas, and even the Asian crisis, played an important role in this trade.  Table No. 1 shows the cargo tonnage for selected commodities that transited the Canal in fiscal years 1996, 1997, 1998, and 1999.  The group of agricultural commodities directly affected by El Niño accounts for 22.6 percent of the total annual cargo.  

During El Niño years, these products must remain under close observation.  In addition to agricultural products, crude oil is also susceptible to this phenomenon, which causes shifts in temperature that impact the intensity of the winter season and the corresponding demand for heating oil.

Chart No. 1 portrays the Canal traffic data for the period FY 1982 to 1994 and how their behavior was affected during El Niño events in 1982/1983 and 1991/1992.  The sharp drop in oil from 1982 is fully explained by the opening of the Tran isthmian oil pipeline in Panama, which runs from Charco Azul on the Pacific side of the country to Chiriqui Grande, on the Atlantic.  As a result of this pipeline, crude oil flows through the Canal from Alaska to the East Coast of the United States were diverted.
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FY 1996

FY 1997

Difference

FY 1998

Difference

FY 1999

Difference

(Long Tons)

(Long Tons)

(%)

(Long Tons)

(%)

(Long Tons)

(%)

East Coast U.S.A. to:

Japan

3,528,503

3,883,552

10.1%

3,336,105

-14.1%

3,679,879

10.3%

China Mainland

619,901

2,236,685

260.8%

2,485,129

11.1%

2,289,419

-7.9%

South Korea

1,180,158

1,304,794

10.6%

1,411,955

8.2%

1,332,498

-5.6%

Taiwan

1,483,752

879,002

-40.8%

773,367

-12.0%

1,778,401

130.0%

Philippines

397,699

495,591

24.6%

523,458

5.6%

922,242

76.2%

West Coast South America

366,130

301,537

-17.6%

510,284

69.2%

409,777

-19.7%

West Coast Central America

398,346

393,733

-1.2%

385,012

-2.2%

444,047

15.3%
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Chart No. 2 presents a comparison of cargo tonnage for some selected commodities among the fiscal years exactly before and after El Niño years of 1997/1998.  Following is a brief description of the effects of El Niño on some particular traffic flows through the Panama Canal.

Wheat
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FY 1996

FY 1997

Difference

FY 1998

Difference

FY 1999

Difference

(Long Tons)

(Long Tons)

(%)

(Long Tons)

(%)

(Long Tons)

(%)

Oceania to East Coast U.S.A.

2,399

993

-58.6%

50

-95.0%

12,331

24562.0%

Asia to East Coast U.S.A.

45,790

30,836

-32.7%

25,139

-18.5%

37,593

49.5%

As history shows, during the second strongest El Niño episode recorded to date (in 1982/1983), wheat showed a sharp fall from FY 1982 to FY 1983 and a slight recovery in FY 1984. This commodity’s most important movements through the Canal for the period 1996 -1999 are as follows:

It is difficult to establish a direct relationship between El Niño and shifts in Canal traffic for any given commodity.  Nonetheless, it has been observed that for wheat, the U.S. West Coast and Canada to North Africa trade route improved considerably as weather conditions negatively affected production in this importing area.  Another sharp rise of 57.3% percent was observed on the U.S. East Coast to China route from fiscal year 1997 to fiscal year 1998.

Corn

During the 1982/83 El Niño, corn shipments through the Canal grew a little over 59 percent from 1982 to 1983, and then fell about to 56 percent in 1984 to 9.5 million long tons.  The impact of El Niño on U.S. corn crops in 1983 is not well documented.  It is worth bearing in mind that this weather phenomenon was virtually unknown before the mid-1980s.  

The fact is that U.S. corn harvest in 1983 fell 50 percent and accounted for most of the decline registered in the world that year.  The low U.S. production was caused by a combination of a crop failure due to a severe drought in the Midwest, most likely caused by El Niño, and the implementation of the “area set-aside” program that reduced the corn planting area.  This contraction in production in 1983 followed a record production the year before
.  In addition, during 1984, U.S. corn exports diverted from the Canal to the West Coast of the United States due to a number of factors that included lower ocean freights and railroad contract haulage rates.  

In 1997/1998, El Niño related droughts in Southern Africa reduced maize production.  This commodity’s most important movements through the Canal are shown below for the four-year period 1996-1999:
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FY 1996

FY 1997

Difference

FY 1998

Difference

FY 1999

Difference

(Long Tons)

(Long Tons)

(%)

(Long Tons)

(%)

(Long Tons)

(%)

West Indies to:

China Mainland

370,922

326,686

-11.9%

307,992

-5.7%

240,142

-22.0%

Japan

95,629

200,460

109.6%

0

-100.0%

96,869

n/a

Oceania to:

East Coast Canada

504,253

498,888

-1.1%

540,486

8.3%

396,898

-26.6%

East Coast U.S.A.

167,631

125,410

-25.2%

52,543

-58.1%

72,813

38.6%

Europe

251,423

168,689

-32.9%

129,639

-23.1%

265,425

104.7%

West Coast of Guatemala to:

East Coast U.S.A.

241,805

164,616

-31.9%

174,492

6.0%

173,952

-0.3%

Europe

132,594

58,230

-56.1%

278,323

378.0%

158,303

-43.1%

Africa

64,195

178,127

177.5%

99,856

-43.9%

7,232

-92.8%

East Coast Canada

60,530

108,511

79.3%

128,440

18.4%

84,842

-33.9%

West Coast of Costa Rica to:

East Coast U.S.A

105,217

55,329

-47.4%

51,671

-6.6%

40,064

-22.5%

West Coast of Colombia to:

East Coast South America

232,226

146,256

-37.0%

213,798

46.2%

227,096

6.2%

East Coast U.S.A.

158,747

77,716

-51.0%

95,194

22.5%

80,221

-15.7%

Europe

51,524

62,989

22.3%

21,654

-65.6%

63,481

193.2%

Nicaragua to: 

East Coast U.S.A.

62,968

86,929

38.1%

46,716

-46.3%

30,511

-34.7%

Panama to:

East Coast U.S.A

43,239

64,546

49.3%

60,265

-6.6%

46,536

-22.8%


The United States’ corn export in 1997/1998-trade season (July-June) was lowered, as Argentina registered record production presenting a strong competition.  It is presumed that this reduction was reflected in Panama Canal corn flows on the route from the U.S. Gulf to Taiwan, China and South Korea, but was offset by increased imports from Japan.

Rice

Rice is another commodity that showed a substantial decline during the 1982/1983 period, later recovering in 1984.  However, these disruptions in Canal commodity patterns should not be blindly attributed to El Niño, since there are many other variables that could be playing an important role in these changes. The reaction to the 1992-1993 El Niño is even smoother, as it is portrayed in Chart No.1.

Traditional flows are from the East Coast U.S. to the West Coast of Nicaragua and Peru, and from the U.S. West Coast to Syria and Turkey, as shown below:
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FY 1996

FY 1997

Difference

FY 1998

Difference

FY 1999

Difference

(Long Tons)

(Long Tons)

(%)

(Long Tons)

(%)

(Long Tons)

(%)

East Coast U.S.A. to:

Japan

11,374,855

10,355,833

-9.0%

12,127,495

 

 

17.1%

12,872,927

6.1%

Taiwan

3,736,534

2,286,081

-38.8%

1,482,562

   

 

-35.1%

2,864,493

93.2%

South Korea

3,470,366

1,770,736

-49.0%

1,601,469

   

 

-9.6%

2,936,899

83.4%

China Mainland

1,801,435

185,801

-89.7%

163,003

      

 

-12.3%

243,456

49.4%

West Coast Central America

1,389,600

947,375

-31.8%

711,202

      

 

-24.9%

1,172,952

64.9%

West Coast South America

1,712,317

1,394,750

-18.5%

1,228,091

   

 

-11.9%

2,371,873

93.1%


Rice represented only 0.40 percent of total cargo volume of the Panama Canal in fiscal year 1997.  Changes in this commodity markets do not have a strong effect on Canal performance.  However, the 1997/1998 El Niño phenomenon brought floods that destroyed crops in several major importing countries.  At the same time, some major exporting countries had bumper crops.  These two elements combined to trigger a record rice trade level in 1998, which did not go unnoticed to the Panama Canal. 

In fiscal year 1998, rice gained some relevance at the Canal, increasing its participation in overall cargo tonnage to 0.55 percent, which represented over 303 thousand long tons in addition to the tonnage registered in fiscal year 1997.

Soybean

In general, United States soybean exports to Asia fell slightly in 1998 due to a recovery in Argentine soybean production and more competition from that country.  China’s import demand for oilseeds and products remained strong because domestic production was flat and demand for protein meal and vegetable oils continued to grow. 

This commodity’s most important movements through the Canal are shown below for the period of fiscal year 1996-1999:
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Difference

FY 1998

Difference

FY 1999

Difference

(Long Tons)

(Long Tons)

(%)

(Long Tons)

(%)

(Long Tons)

(%)

Asia to West Indies

330,127

224,312

-32.1%

143,143

-36.2%

501,502

250.4%

East Coast U.S.A. to:

West Coast Central America

175,149

142,881

-18.4%

203,647

42.5%

162,200

-20.4%

West Coast South America

97,464

60,641

-37.8%

429,206

607.8%

90,714

-78.9%

West Coast U.S.A. to:

Europe

147,344

170,565

15.8%

118,986

-30.2%

63,863

-46.3%

Syria

0

40,128

n/a

24,000

-40.2%

0

-100.0%


Soybean was the fourth most important single commodity in terms of cargo tonnage in fiscal year 1998.  It accounted for over 5.2 percent of the total cargo tonnage that crossed the waterway that year.  From the Canal’s perspective, this product was unaffected by El Niño phenomenon1997/1998.
 



Coffee

Coffee accounts for a very small percentage of the Canal total cargo volume; in fiscal year 1998, it was barely 0.01 percent.  Nonetheless, it is interesting to observe how the adverse effect of El Niño on the production of this commodity reflects in Canal traffic, even if it is at a very small scale.   Coffee was one of the agricultural products significantly affected by this weather related phenomenon and world green coffee production fell by almost 9.0 percent, according to the Food and Agriculture Organization of the United Nations.  This reduction is clearly observed in Canal trade flows illustrated below:     

[image: image10.png]



The only increase in trade flows during fiscal year 1998 for this item through the Canal was from Nicaragua, El Salvador, and Guatemala to the Atlantic coast of Colombia.  This trade was discontinued in fiscal year 1999 after hurricane Mitch severely damaged crops in these Central American countries.

In general, El Niño 1997/1998 caused a 17 percent decline in coffee output in Brazil and disruptions in production in Indonesia, Uganda, Côte d’Ivoire, and Colombia, among others.  The only countries whose coffee production apparently was not negatively impacted by this weather related phenomenon were Ethiopia and Vietnam.

Cocoa

Cocoa is another low volume commodity to the Panama Canal.  It accounted for just below 0.02 percent of total cargo movements through the waterway in fiscal year 

1998. The main routes of the Canal shown above are not consistent with world cocoa production during El Niño 1997/1998; during this period, the Canal observed a slight reduction in shipments from Indonesia to the Gulf of Mexico in the United States, but there were no reductions in Indonesian production for the period, which remained stable.  On the other hand, the Canal registered small increment in cocoa coming from Malaysia to the Gulf of Mexico in the United States, whereas Malaysian cocoa crop for the period reported a reduction as cocoa lands were destined toward alternative activities. 
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FY 1996

FY 1997

Difference

FY 1998

Difference

FY 1999

Difference

(Long Tons)

(Long Tons)

(%)

(Long Tons)

(%)

(Long Tons)

(%)

Ecuador to:

Europe

1,845,581

1,883,393

2.0%

1,480,430

-21.4%

1,772,387

19.7%

East Coast U.S.A.

231,404

282,239

22.0%

263,902

-6.5%

219,989

-16.6%

Nicaragua to Europe

6,448

29,285

354.2%

0

-100.0%

0

n/a

Costa Rica to Europe

127,737

91,022

-28.7%

9,761

-89.3%

0

-100.0%

Panama to Europe

43,118

2,984

-93.1%

0

-100.0%

0

n/a


Sugar

The Canal sugar volume declined almost 4.0 percent in fiscal year 1998 with respect to the previous year.  The route West Indies to Asia is dominated by Cuba as the main origin.  Cuba’s production declined considerably in 1997/1998 and is observed in Canal flows in that particular route.  

This commodity’s most important movements through the Canal are shown below for the fiscal period 1996 through 1999:
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(Long Tons)

(%)

(Long Tons)
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Peru to:

Europe

305,430

385,319

26.2%

152,759

-60.4%

188,756

23.6%

East Coast U.S.A.

10,748

15,496

44.2%

0

-100.0%

7,839

n/a

Israel

7,230

0

-100.0%

0

n/a

18,395

n/a

Iran

0

10,335

n/a

0

-100.0%

0

n/a

Chile to:

Europe

146,315

123,368

-15.7%

78,538

-36.3%

32,245

-58.9%







In addition, it was reported that favorable weather helped increase sugar production in the United States.  The Canal witnessed this occurrence as it recorded an overall reduction in sugar volumes destined to the United States.

Banana

The main banana movement through the Canal is on the route from Ecuador to Europe.  Bananas moving on this route showed considerable declines as El Niño affected banana plantations and infrastructure in Ecuador.  Ecuador’s overall drop in exports in 1997/1998 was in the range of 15.0 percent and the corresponding reduction of banana movements through the Canal was 21.4 percent with respect to fiscal year 1997.

This commodity’s most important movements through the Canal are shown below for the fiscal years 1996 through 1999:
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Ecuador to:

East Coast U.S.A.

3,979,058

4,203,370

5.6%

2,840,301

-32.4%

1,067,112

-62.4%

Panama

1,122,505

1,023,535

-8.8%

1,290,960

26.1%

1,238,148

-4.1%

West Indies

1,462,815

959,180

-34.4%

554,770

-42.2%

412,371

-25.7%

Venezuela to:

West Coast U.S.A

963,837

794,639

-17.6%

741,390

-6.7%

658,005

-11.2%

Chile

694,908

622,734

-10.4%

904,632

45.3%

588,818

-34.9%

Peru

831,905

606,257

-27.1%

819,853

35.2%

203,347

-75.2%

Guatemala

700,902

604,315

-13.8%

790,604

30.8%

701,992

-11.2%

El Salvador

0

48,806

n/a

0

-100.0%

70,982

n/a

Nicaragua

0

48,690

n/a

656,076

1247.5%

804,705

22.7%

West Coast Canada to East Coast U.S.A.

248,990

265,205

6.5%

492,616

85.7%

52,000

-89.4%

West Indies to West Coast U.S.A

50,502

89,641

77.5%

52,759

-41.1%

360,746

583.8%

Peru to:

East Coast U.S.A.

728,588

746,504

2.5%

623,542

-16.5%

918,136

47.2%

East Coast Central America

52,457

106,270

102.6%

48,100

-54.7%

0

-100.0%

West Indies

179,527

0

-100.0%

49,962

n/a

50,256

0.6%

Colombia to Peru

1,157,838

957,886

-17.3%

972,421

1.5%

799,573

-17.8%


Central American countries strongly affected by El Niño, such as Nicaragua, Panama, and Costa Rica recorded a sharp reduction in their banana cargo through the Canal as well in fiscal year 1998.  Banana at the Canal accounts for 1.0 percent of the total cargo volume that moves through

Fishmeal

Fishmeal represented 0.17 percent of total cargo volume moved through the Canal in fiscal year 1998, a drop from 0.35 percent in fiscal year 1997.  El Niño forced fish like the menhaden (used for the production of fishmeal) to move from their traditional grounds in Chile and Peru, preventing these countries from taking their lucrative harvest.  In contrast, during El Niño years, good catches of menhaden occur in the Gulf of Mexico and the Atlantic Coast of the United States.

The decline in fishmeal production affected the Chilean and Peruvian export flows through the Canal.  The Chilean fishmeal flow goes mostly to the East Coast of the United States, Canada and Central America, and to Europe.  Likewise, Peruvian fishmeal exports through the Canal mainly go towards the East Coast of United States and South America, Europe, Africa, and the Middle East.  Main Canal traffic flows for this commodity are shown below for the period of fiscal years 1996-1999:
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The shortfall in fishmeal output shifted demand in favor of high-protein soybean meal.  The U.S., Brazil and Argentina covered increased demand for soybean meal.  None of these countries require transiting the Canal to reach the previously listed destinations.  

Crude Oil

Chart No. 1 portrays a sharp decline in crude oil traffic through the Panama Canal in Fiscal Year 1983.  This drop has no relationship with El Niño and was caused by the loss of the Alaskan North Slope oil trade.  Shipments during that year fell to an average of 86 thousand barrels per day from 636 thousand barrels per day in 1982
.

The net effect of El Niño on this commodity for Fiscal Year 1998 depended, among other variables, on winter temperatures across North America, as one of the major destinations through the Canal is the East Coast of the United States.

This commodity’s most important movements through the Canal are shown below for the period of Fiscal Years 1996 through 1999:
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The net effect was an overall reduction in crude oil through the Canal in fiscal year 1998 compared to 1997.  The decline was observed on the routes from the Pacific to the Atlantic, mainly shipments from Ecuador and Peru to the Gulf of Mexico in the United States.  Improvements were observed on the opposite route, Pacific to Atlantic, mainly from Venezuela to the East Coast of Latin America. 

Draft Restrictions and Its Effects on Canal Traffic

Panama is on the list of Central American countries strongly stricken by El Niño 1997/1998, and Panama Canal operations were directly affected.  In Panama, according to the ACP Division of Meteorology, the last three months of the year determine the availability of water for the whole next year.  El Niño weather phenomenon brought about the driest rainy season in the history of the Canal.  Rainfall for 1997 was 35 percent below average and this rain shortage resulted in 220 billion gallons of water deficit.  
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West Coast Central America to Europe

43,503

19,061

-56.2%

707

-96.3%

3,399

380.8%

West Coast South America to East Coast U.S.A.

3,628

6,409

76.7%

2,753

-57.0%

577

-79.0%

West Coast Central America to: 

East Coast South America

1,555

34

-97.8%

4,792

13994.1%

0

-100.0%

East Coast U.S.A.

2,166

0

-100.0%

0

n/a

0

n/a

The dry season in January 1998 started with the Madden Lake at 18 feet below normal and the Gatún Lake at 4.5 feet below its optimal level.  Gatún and Madden are artificial lakes that act as the main reservoirs for the operation of the Canal, which collect water from the Chagres River and its tributaries.  El Niño phenomenon was so strong by March 1998 that the Panama Canal Authority was forced to implement draft restrictions in the following manner:

On regular basis, the Panama Canal receives some larger vessels whose maximum tropical fresh water draft surpass the existing Canal draft limitations, which is normally 39’6” and determined by the lock chambers.  In order to transit, these vessels do not utilize their maximum cargo capacity and go through not fully laden.  The transits of these vessels added up to 2,800, or 19.6 percent of the 14,244 total transits in fiscal year 1998.  However, during the period when draft restrictions were imposed because of El Niño, from March 12 through June 29 1998, the actual number of transits affected by the measure was 495, or 3.4 percent, composed mainly of dry-bulk carriers, tankers, full-containerships, and container/break-bulk vessels.  Within the category of “others” are [image: image17.png]Gonvective
Chcuiation



included Ro-Ros, vehicle carriers, liquid gas carriers, and general cargo vessels.   This composition is illustrated in the graph.

Some tankers and dry-bulk carriers not carrying cargo on deck at the moment of transit were allowed 6 inches deeper drafts than those established in the table on page 15.  This special allowance was applied on a case-by-case basis and vessels had to be classed as tanker or dry-bulk carrier to be eligible.   The reason for it was based on information gathered in a squat study performed by the former Panama Canal Commission, in which it was indicated that for these types of vessels the squat effect is less pronounced than with other type of ships.

When draft restrictions were imposed, the Canal speculated that the composition of transiting vessels would change to reflect a greater number of handymax and handysize vessels and less Panamax vessels, especially for dry bulkers and tankers.  The actual experience shows that this was true for dry bulk carriers, but not so for the rest of the fleet that utilized the waterway.  During the period of March through June 1998, the total number of transits dropped 3.5 percent and the number of Panamax dry-bulk carriers fell even further by 5.2 percent.  At the same time, the number of handysize and handymax dry bulk carriers increased over 57.3 percent.   Vehicle carriers showed a similar path, increasing the number of handysize and handymax vessels by 129.0 percent whilst transits of Panamax vehicle carriers of beam within 95 and 99 feet contracted 29.0 percent.  Tankers, on the other hand, increased the number of handysize vessels by 68.4 percent, but at the same time increased also the number of Panamax tankers by 12.5 percent.

Draft restrictions had a negative impact on shippers.  Each one-foot reduction in draft for tankers and dry bulk carriers translated into a reduction of roughly 2,000 – 2,500 metric tons of cargo that were allowed to carry, reducing thereby the utilization of the vessels.  During El Niño 1997/1998, shipping companies implemented a “Panama Canal draft surcharge” to compensate for the utilization loss due to the Canal draft restrictions.  Canal officials became aware through media reports and maritime journals that some carriers continued applying the surcharge even after the Canal had ended vessel draft restrictions.

LESSONS LEARNED

By Panamanian law, upon transfer of the Canal to Panama in December of 1999, the Panama Canal Authority became responsible for the management and conservation of the Canal’s watershed.   Implementation of this major new responsibility requires added Canal resources to assist in monitoring and policing the watershed.    Additionally, Panama’s legislature authorized an expansion of the Canal’s watershed, nearly doubling the size of the watershed area.   This was an important visionary step in setting the stage for possible development of new water sources, additional reservoirs and expansion of water related services.
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The Panama Canal’s main responsibility related to the use of water is to provide potable water to the cities of Colon, part of Panama and Arraiján, and the areas of the former “Canal Zone”. The chart below shows the water utilization at the Panama Canal during the past twenty years.  Definitely, the major use of water at the Canal is lockages and navigation, followed by the generation of electricity, spills for floods control, and municipal use (supply drinking water to the populations aforementioned).

In spite of the small percentage of transits affected by the draft restrictions imposed by the Canal in fiscal year 1998, the Panama Canal was prompted to take actions to prevent water shortages in anticipation of future El Niño phenomena.  The Canal efforts to minimize the adverse effects of El Niño 1997/1998 included the following: 

1) Suspension of hydroelectric power generation at the Gatun Hydroelectric Plant, which was replaced by thermal generation.

2) Close monitoring of the Madden Lake level and Dam power generation 

3) Programming of ship schedules to use tandem and short-chamber lockages when possible.

4) Suspension of hydraulic assistance to large vessels.  This assistance consists of a procedure that uses water to push larger vessels out of the locks chamber.  The stoppage of this aid alone helped save close to three billion gallons of water per month.

5) Shifting of water from one lock chamber to another (east to west and vice versa) as an effort to recycle the water. 

Although these water conservation measures were effective and successful it should be noted that in some cases they reduced Canal transit capacity by actually lengthening the transit time for vessels, in effect reducing the Canal’s overall throughput.  

The Gatun Lake reached its normal curve level of 84.7 feet on August 21 1998 and Madden Lake reached its normal level of 216.8 feet on July 24 1998.  The Panama Canal spent approximately $12.0 million to mitigate the effects of El Niño weather related disturbance, most of which arose from the substitution of hydroelectric power generation with thermoelectric power generation.

El Niño was a signal that drew the Canal’s attention towards the importance of water and its impact on the lake’s operation level, which imposes a minimum draft for the safe navigation of vessels. 

This experience triggered studies to search for alternatives for new water resources.  From the alternatives studied, the deepening of the Gatún Lake is already under way.  Since the water in the lake is also a limited resource, another alternative being considered at this moment is the savings or recycling of fresh water.

Appendix

Attachment 1

El Niño: Background and Mechanism

The original definition of El Niño goes back to the 18th or 19th century when Peruvian sailors coined the term to describe a warm southward current that appeared annually near Christmas off the Peruvian Coast, hence the name El Niño, Spanish for “Christ Child”
.
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East Coast U.S.A. to:

Asia

2,413,309

250,110

-89.6%

393,530

57.3%

724,305

84.1%

West Coast South 

America

860,222

625,024

-27.3%

723,207

15.7%

1,377,240

90.4%

West Coast Central 

America

524,476

437,052

-16.7%

490,604

12.3%

460,032

-6.2%

West Coast U.S.A. and 

Canada to:

Africa

827,819

628,531

-24.1%

1,148,464

82.7%

1,601,535

39.5%

East Coast South 

America

497,043

272,962

-45.1%

138,476

-49.3%

145,358

5.0%

Europe

163,706

175,374

7.1%

0

-100.0%

266,598

n/a

Under normal conditions, ocean temperatures in the Pacific coasts of South America are cool compared to the rest of the equatorial Pacific because trade winds push warm surface water westward.  As the warmer water is blown away from the coast, colder water fills the void.  By the time westward flow of warm water reaches Micronesia, the sea level is generally several feet higher than the sea level along the South American coast.
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The east-west direction of the trade winds is due to pressure differentials across the Pacific. Normally, a high pressure dominates the eastern equatorial Pacific, while low pressure dominates the western equatorial Pacific. These systems are linked such that if one rises the other falls.  The pressure differential between the eastern Pacific (measured at the Easter Island) and the western Pacific, (measured at Darwin, Australia) equal the Southern Oscillation Index
. 

El Niño phenomenon is thought to be triggered when the steady westward blowing trade winds weaken or even reverse direction.  This change in the winds allows large mass of warm water that is normally located near Australia to move eastward along the equator until it reaches South America.  The displacement of so much warm water affects evaporation, where rain clouds form and, consequently alters the typical atmospheric jet stream pattern around the world. Southern Oscillation Index drops sharply, causing trade winds to weaken or even reverse, and the warm water of the Pacific Ocean to move east
.
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