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Executive Summary
An excellent example of chaos theory at work in the real world is the event known as "El Nino." The
seemingly benign variations in pressure and temperature over Darwin, Australia and Tahiti often result in
significant changes in oceanographic and atmospheric patterns around the world. These, in turn, can
produce short-term weather differences that impact vested interests of the United States on the world's
political and military arenas. At the onset of an El Nino, the oceanographic changes are complemented by
atmospheric changes that result in abrupt weather pattern reversals in a seasonal and a geographic context.
The two weather extremes to consider from an El Nino event are droughts and floods. The actual timing of
when these weather patterns will develop over a particular region is directly related to the overall strength of
the developing event, characterized as weak to very strong. This, in turn, is based on actual temperature
differences between the warm waters that make up the heart of the El Nino and the surrounding ocean
water, and the actual speed of this new warm water current. Occasionally, the opposite effect is detected as
a cold water current, known as "La Nina."
Once these parameters are known, it is up to the strategic and logistic planners to decide what type of
weapons and support material will work best in the various world theaters. If a major political or military
statement is deemed necessary, the timing of naval resupply becomes critical. As many as nine major
tropical storms can be active at one time (as during 14 September 1967) thus significantly altering shipping
routes and time enroute. It should be noted that the best time for an opposing force to strike would be at the
time of landfall of a tropical storm in the area of interest. During such a window of opportunity, the
cornerstone of our military posture (the electronics surveillance umbrella) is either at its weakest or
nonexistent. This, in turn, maximizes their threat capability, particularly in a mountainous region such as the
Korean Peninsula. As much as 31 inches of rain was recorded there in 24 hours. Other parts of Indochina
have recorded as much as 131 inches of rain in 72 hours. To know the likely implications of an El Nino event
in advance, as noted by the more than $10 billion in worldwide damages produced by the 1982-83 El Nino
pattern, will allow strategic and logistical planners to be better prepared in their efforts to diffuse chaos in the
world's political and military arenas of tomorrow.

El Nino – Its Far-Reaching Environmental Effects on Army Tactical Decision Aids
Introduction
As an El Nino event develops in the southwestern part of the North Pacific, the initial impression is not one
of concern. There is little immediate economic, political, or strategic (military) value in these waters. But as
the event continues to expand and unfold, immediate weather and short-term periodic climate changes can
be felt from the United States (U.S.) to South America, from Europe to Africa, and from Asia to Australia.
This report describes the general world impact of an El Nino event, and then sharpens the focus on the
Korean Peninsula. In this region, El Nino causes negative economic impacts in agriculture - rice, in general,
and the fishing industry, in particular, that could lead to strategic conflicts in an attempt to feed a hungry
population. Thus, tactical decision aids for either strategic or humanitarian situations can be in error if
existing climatic data summaries are used. If military planners are trying to establish either military
maneuvers or the logistics of resupply, they will inevitably discover that El Nino's regional impacts are
usually quite different from the stated climate data for a given area, thus impacting on the type of systems to
be used and the all important "reaction time."
Even the absence of an El Nino event can be cause for alarm.
The 10-year gap between moderate to strong El Nino's from
1943 to 1953 could easily be seen as the key factor in the
strength of the Siberian High in the winter of 1950-51. With the
proper data set warnings, it is quite possible that decisions for
the tactical deployment of the 1st Marine Division and the type of
equipment they fielded would have been radically altered for the
infamous battle of "The Chosin Reservoir." With proper planning,
having the 1st Marine Division, or any other division, fighting for
14 days in -30 ° F. temperatures against an enemy force of
120,000 should not happen again. Annual checks of the climate
data sets should be considered by those in charge of tactical
The Peru or Humboldt Current (Figure 1)
and logistical decision aids. One of the most important factors
effecting climate data realism can be whether or not an El Nino mechanism is "on" or "off." Thus, these
checks are necessary on an annual basis to ensure that short-term weather patterns that radically differ from
the basic climatology for a given region are duly noted.
Background
Early Spanish sailors who fished in small boats along the
western-most shores of South America were familiar with
the ocean currents of the region. Normally, the waters they
fished were cold and flowed from south-to-north (Figure 1)
During certain years, the waters would reverse their flow
and become very warm. This would usually begin to occur
shortly after the Christian Christmas holiday. Thus, the
sailors named the odd occurrence El Nino, meaning "the
Christ Child." A change to the El Nino pattern can be seen
in the June 1985 to June 1986 sea surface temperature
data shown in Figure 2.

Changes in Sea Surface Temperature due to El Nino
(Figure 2)

El Nino is normally accompanied by a change in
atmospheric circulation called the Southern Oscillation.
Together, the El Nino - Southern Oscillation (ENSO) is one

of the main sources of weather variability and periodic climate
changes in the world. Over a quarter of a century ago, scientists
began to recognize that the atmospheric and oceanic parts of
ENSO are strongly linked (Figure 3). Therefore, it is imperative
that military planners understand how the absence or appearance
of an El Nino event can influence military or humanitarian
operations. Whether or not this event is occurring, and at what
level of intensity, can easily influence the type of military response.
It also can have a profound impact on the timing and equipment
needed
for the logistical support of these operations.
Atmospheric and Oceanic Interaction
(Figure 3)

The worldwide effects of a strong ENSO are shown in the damage
reports compiled from the 1982-83 event (Table 1). Total damage
reported worldwide exceeded $10 billion. A chronological sequence of these events gives another
perspective of this far-reaching problem (Table 2). Military planners should note that climate data used for
either military or humanitarian exercises may be in a state of flux during an El Nino occurrence.
How powerful can an El Nino event be? A direct indication of this power and the resultant generation of heat
in the Pacific Ocean during such an event can be provided by satellite sensors. Measurements by NASA's
TOPEX/Poseidon satellite (a collaboration between the U. S. and France) of the 1994-95 El Nino shows that
Pacific sea levels were elevated 6 inches over an area the size of the U. S. (more than 3 million square
miles) by the end of 1994.
Table 1: The Economic Effects of the 1982-83 El Nino
Bolivia
Christmas Island
Coast of California

Cuba

Ecuador and Northern Peru
French Polynesia
Galapagos Islands
Hawaii
Iberian Peninsula and Northern
Africa
Indonesia
Japan
Kiribato to the Line Islands
Mexico and Central America

DAMAGE: $300 million.
EFFECTS: Storm related floods.
VICTIMS: 50 dead, 26,000 homeless.
EFFECTS: 17 million birds disappear, abandoning their nestlings.
EFFECTS: Torrential rains, winds, and high tides erode coast and dislodge kelp beds.
Fishermen find species of marine life that do not belong there, and could not find those
that did. Los Angeles has nearly triple the amount of normal rainfall.
DAMAGE: $17 million.
EFFECTS: Storm related floods.
VICTIMS: 15 dead.
DAMAGE: $650 million.
EFFECTS: Flooding and coastal destruction from high surf.
VICTIMS: 600 dead.
DAMAGE: Unknown.
EFFECTS: Six major tropical storms. Several towns swept away by storm surges.
EFFECTS: Massive bird migration off of Island. Bird and mammal nests abandoned.
Nearly 100% of fur seal pups lost. Ninety-five percent coral reef mortality.
DAMAGE: $230 million.
EFFECTS: 1 hurricane.
VICTIMS: 1 dead.
DAMAGE: $200 million.
EFFECTS: Drought.
DAMAGE: $500 million.
EFFECTS: Drought.
VICTIMS: 340 dead.
EFFECTS: Oyashio cold current extends further south reducing abalone harvest off the
coast of Honshu Island.
DAMAGE: Incomplete.
EFFECTS: Heavy storms.
DAMAGE: $600 million.
EFFECTS: Drought.

Micronesia
Middle East (Mostly Lebanon)
Philippines
Southern Africa
Southern Brazil, Northern
Argentina and Eastern Paraguay
Southern China
Southern India and Sri Lanka
Southern Peru and Western Bolivia
Tahiti

United States

Western Europe

DAMAGE: Incomplete.
EFFECTS: Severe drought and fires.
DAMAGE: $50 million.
EFFECTS: Cold and snow.
VICTIMS: 65 dead.
DAMAGE: $450 million.
EFFECTS: Drought.
DAMAGE: $1 billion.
EFFECTS: Drought.
DAMAGE: $3 billion.
EFFECTS: Flooding.
VICTIMS: 170 dead and 600,000 Evacuated.
DAMAGE: $600 million.
EFFECTS: Wet weather.
VICTIMS: 600 dead.
DAMAGE: $150 million.
EFFECTS: Drought.
DAMAGE: $240 million.
EFFECTS: Drought.
DAMAGE: $50 million.
EFFECTS: 1 hurricane.
VICTIMS: 1 dead.
Mountain and Pacific States
DAMAGE: $1.1 billion.
EFFECTS: Storms.
VICTIMS: 45+ dead.
Southwest States
DAMAGE: Incomplete.
EFFECTS: Storms.
Gulf States
DAMAGE: $1.1 billion.
EFFECTS: Storm related floods.
VICTIMS: 50+ dead.
Northeastern States
DAMAGE: Incomplete.
EFFECTS: Storms.
VICTIMS: 66 dead.
DAMAGE: $200 million.
EFFECTS: Storm related floods.
VICTIMS: 25 dead.

Table 2: Earth Space Research Group, 1982-83 El Nino Chronology
May 1982

June 1982

July 1982

Slight rise in sea surface temperature off coast of Peru (less than 1/2 °C.) detected by drifting buoys and
satellites.
- Sudden atmospheric pressure increase in Darwin, Australia.
- Dramatic atmospheric pressure decrease in Tahiti.
- Westward trade winds reverse direction along equatorial Pacific Ocean.
- Sea level rises over the central Pacific as the warm water pool (Kelvin Wave) starts moving eastward
along the equator.
- Deep fog blankets the central Pacific.
- Dry spell begins in Australia, Indonesia and New Guinea.
- Sea levels at Fanning and Christmas Islands are up almost 25 cm.
- Precipitation amounts in Tarawa are four times the normal for July.

- Atmospheric pressure recorded in Darwin is highest in 100 years.
August 1982

- Atmospheric pressure recorded in Tahiti is lowest in 50 years.
- Normally westward-flowing ocean current reverses.

September 1982

October 1982

November 1982

December 1982

January February 1983

March 1983
April-May 1983

June 1983

November 1983
July 1984

- Five hurricanes form in the eastern Pacific.
- Rain begins in Christmas Islands during the traditional dry season.
- Extremely heavy rains are reported from Kiribati to the Line Islands.
In the eastern Pacific, a research ship observes:
- Sea surface temperatures 5 °C. higher than normal.
- Upper ocean warm water layer four times thicker than normal.
- The normal easterly cold under-current flows cease.
- The usual abundance of marine wildlife disappears.
- Kelvin Wave reaches the South American coast, sea surface temperature rises.
- Record rain and flooding strike Ecuador and northern Peru.
- Drought continues in Australia, Indonesia and New Guinea.
- More than thirteen times the normal rainfall is recorded in Guayaquil, Ecuador.
- Fanning and Washington Islands suffer extensive erosion due to rough seas.
- A rare hurricane causes damage in Hawaii.
- French Polynesia is devastated by the first of six major tropical cyclones.
- Seventeen-million birds populating Christmas Islands disappear leaving nestlings for lack of food.
- Remarkably deep warm water found near Panama-- as deep as 3,300 feet.
- Drought conditions spread from the Philippines to Hawaii.
- The tropical jet stream shifts north to California and the northern Pacific.
- Indicators start to show a decline in the magnitude of the event; water temperature drops 5° C.
- Drifting buoys shift direction and start moving west-- back to normal.
- Atmospheric pressure readings return to their normal level in Darwin, Australia.
- El Nino appears to be waning.
- Sea temperature surged upward again-- inexplicably.
- Along the Peru and Ecuador coasts, water suddenly warms by 7° C.
- Buoys that started moving westward changed direction again.
- All readings of temperature and pressure surpass the previous December peaks.
- Deserts of Peru, Ecuador and Bolivia receive 3.7 m of rain, instead of the usual 12.7 cm.
- Agricultural lands of northern Bolivia have received no rain for eight months.
- Ninety-percent of the potato crops in northern Bolivia perish from drought.
- Forty-thousand adobe homes melt down, and urban sewer systems burst in Bolivia.
- The Galapagos Islands receive more rain in six weeks than in six normal years.
- The Pacific part of Australia endures the driest summer in two centuries, resulting in high brush fires,
crop and livestock losses.
- Nineteen African countries endure severe droughts.
- California and the Rocky Mountains suffer $1.1 billion damage from rains and floods.
- Sea surface temperatures off the coast of Peru return to normal.
- Water temperatures in the Gulf of Alaska return to normal.

El Nino/ENSO – Short and Long-Term Effects
To better understand an El Nino, its time lags, and its role within
the ENSO mechanism, we begin with the Southern Oscillation
(SO). The clearest sign of the SO is the inverse relationship
between surface air pressure at two sites: Darwin, Australia, and
the South Pacific island of Tahiti. High pressure at one site is
almost always concurrent with low pressure at the other, and vice
versa. The pattern reverses itself every few years. It represents a
standing wave or a mass of air oscillating back and forth across
the International Date Line in the tropics and subtropics. During the
1982-83 El Nino, the resultant atmospheric pressure for Darwin,
Australia (Figure 4) was the highest in the last 100 years; while
the atmospheric pressure concurrently recorded in Tahiti was the
lowest in the last 50 years.

Darwin – Tahiti Annual Pressure Change
(Figure 4)

This two-dimensional picture was extended vertically to three
dimensions by renowned meteorologist Jacob Bjerknes in 1969.
He noted that in addition to the north-south circulation known as
the Hadley Cell, trade winds across the tropical Pacific continued
to flow from east-to-west. He theorized that to complete the loop,
air must rise above the western Pacific, flow back east at high
altitudes, then descend over the eastern Pacific.
Dr. Bjerknes called this the Walker Cell circulation (in honor of Sir
Albert Walker, a renowned meteorologist of the last century). He
also was the first to recognize that it was closely connected to the
oceanic changes of El Nino (warming waters) and La Nina (colder
Non – El Nino Conditions
(Figure 5)
waters) (Figure 5). Thus, when the effects of the SO are coupled
with the periodic mechanisms that stop the natural equatorial
upwelling (whether cold or warm), you have two types of Pacific basin water masses to analyze (Figure 6) .
The two primary considerations of military significance from an El Nino
event are droughts and floods. With the U.S.'s strong emphasis on
"electronic warfare and suppressive countermeasures," it should be noted
that droughts produce great amounts of dust. During the 1982-83 El Nino
event, the drought that enveloped eastern Australia (Figure 7) produced a
dust storm that dumped more than 11,000 tons of dry soil on the city of
Melbourne in 40 minutes. This drought became the driest summer in the
Melbourne area in more than 200 years.

Normal vs. El Nino Conditions
(Figure 6)

The converse of this tactical and logistical problem is the flooding
that occurred in northern Peru (Figure 8) and Ecuador (Figure
9). Note the normal precipitation patterns for South America in
June (Figure 10). Peru recorded its greatest rainfall amounts in
more than 200 years during the El Nino period of 1982-83.
Guayaquil, Ecuador recorded 13 times its normal rainfall during
the same time period. The El Nino related storms that produced
these heavy rains also produced an almost continuous heavy
surf that resulted in widespread coastal damage to Peru and
Ecuador that exceeded $650 million. The heavy rains soaked
hillsides and brought thousands of homes tumbling down in the
mudslides. Thus, any plans for logistical resupply and relief
Map of Australia
would be severely curtailed as
(Figure 7)
local roads become impassable.
The flood-swollen rivers, such as the Piura in Peru (Figure 11), wiped out
prime banana and rice growing regions, swept away vital bridges, and,
flooded towns causing widespread unsanitary conditions that resulted in
virulent diseases spreading throughout the area. The extent of these
epidemic prone areas can be markedly changed by strong ENSO - El Nino
(1982-83 warm), or the opposite effect of ENSO - La Nina (1988-89 cold)
events that, in turn, influence the positioning of the average minimum
temperature 10 ° C. isotherm (50 ° F.). Studies by Dr. Paul R. Epstein,
Harvard Medical School, have shown that where this line develops
becomes the boundary within which malaria and dengue fever epidemics
are highly prone to start, and then expand with either poor or disrupted
sanitation facilities (as in the example for Peru and Ecuador) (Reference
1).
Map of Peru
(Figure 8)

These relatively recent events should act as a signal to planners and
logistics experts that long-term action plans should be initiated. The cycle
for these events can take up to 24 months to complete when involving
moderate to strong El Ninos. It also should be noted that El Nino events
that are very strong to extreme in their intensity can reduce the cycle time
to as little as 12 to 18 months.
The ENSO events of the last 300 years have been charted with their
relative strengths and intensities ( Figure 12 and Table 3). The event that
is usually analyzed first is the 1982-83 El Nino, considered to be the
strongest ENSO event to ever come under scientific scrutiny. The scientific
community has shown that local effects off the coastline of Peru are
actually linked to events in the central and western Pacific. It is now coming
into focus that ENSO events, particularly the stronger ones, can affect
conditions in the other two tropical basins (i.e. the Atlantic and the Indian
Oceans) as well. Thus, the original "smoking gun" was the occasional loss
of an anchovy harvest off the coast of Peru; however, the strategic
implications for military planners, particularly in tropical waters, is immense.

Map of Ecuador
(Figure 9)

This is a phenomenon of global proportions in terms of cause and effect. To
further illustrate the plight of the local fishing industry, note the
reverberations on the rest of the food chain. When food supplies should be most plentiful, an El Nino event
diminishes them by reducing upwelling and the resultant primary food production. The magnitude of this
problem can be better understood by the fact that more than 17 million birds populating the Christmas

Islands disappeared for lack of food, which in turn, doomed their recently hatched nestlings. Albatross,
cormorants, penguins, and marine iguanas are other species that are adversely affected by the lack of food.
A compounding problem with El Nino events is the timing of the mechanisms. The warmest sea surface
temperatures and their impacts occur when many species, mammals in particular, are breeding. This loss of
food has particularly negative effects on either expectant females
or their young. It has been reported that nearly 100 percent of the
fur seal pups in the Galapagos Islands chain were lost during the
1982-83 El Nino event. Territorial male mammals also suffer
because of their inability to follow the migrating food sources.
The widespread change in ocean currents to accommodate lowlevel wind field changes are further illustrated by the fact that in
1983, a triggerfish was spotted 2,800 km (more than 1,700 miles)
farther north than any other triggerfish had been sighted. The fish
must have followed the warm currents fed by the ENSO event
northward from the tropics. This put a tropical fish in an area
associated with almost arctic waters offshore of Alaska.

Precipitation of South America
Normal Condition, June
(Figure 10)

The above examples of ocean current changes will, in turn,
illuminate another problem area for tactical decision planners. If warm and cold water ocean currents are
changing their intensity and position depending on whether an ENSO event is occurring (along with which
type of ENSO event it is), then the normal "string" of warm and cold water eddy pools associated with these
currents also will change. Since submarines can hide in or near such conditions, anti-submarine tactics and
techniques will have to be modified in order to more accurately reflect these ocean current changes.
Shipping lanes will have to be modified, not only for ocean current speed and direction changes, but to
ensure the highest possible safety margin for the ships, crews, and materiel in transit. Admirals on both
sides of the Pacific have made a specific point to note the tactical advantages of understanding such data
base changes as quickly as possible (Endnote 1).

Piura River Water Discharge
(Figure 11)

El Nino Events – Severity vs. Year
(Figure 12)

Table 3: El Nino Events and Their Intensities
Year

Year

1701
1716
1720
1728
1740
1747
1756
1764
1779
1786
1804
1812
1817

Intensity
Year
Intensity
1819
3
2
1824
3
2
1832
4
2
1846
4
2
1852
1
1
1858
3
1
1862
1
1
1866
1
2
1871
2
3
1878
2
4
1884
3
3
1891
2
4
1900
2
3
1: Weak, 2: Moderate, 3: Strong, 4: Very Strong, 5: Extreme

1902
1910
1915
1923
1931
1939
1943
1953
1965
1973
1983

Intensity
2
2
2
1
1
2
2
2
2
3
5

A Focus on Korea
A particular case in point would be the Korean Peninsula ( Figure 13A and
B). The offshore effects are best illustrated by the ENSO-related change in
low-level wind patterns that rapidly modify the strength and direction of the
cold water current called "Oyashio." Normally, this current carries cold
water from the arctic region southward, along the east coast of northern
Asia. The "Kuroshio" current carries warm water from the equator poleward
along the east coast of Asia (Figure 14). During the 1982-83 El Nino, the
Oyashio current strengthened, while the Kuroshio current weakened. As a
result, the stronger Oyashio current carried cold polar water much further
south than normal. This, in turn, had a detrimental effect on the Korean and
Japanese fishing industries. The abalone harvest off the coast of Honshu
Island also was significantly reduced.
The change in weather patterns on the
Korean Peninsula, when a moderate to
strong ENSO event is in progress,
Map of Korean Peninsula
results
in a short-term climate shift that
(Figure 13A)
is best characterized as warm and dry
(Figure 15). As noted in the four stations from South Korea during the
May-September time frame (Figure 16), the precipitation values, with
one exception, showed drier than normal values. It should be noted that
the four El Nino periods used are rated the most severe of the last twenty
years. At the same time, the west-to-east movement of the storm tracks
across the northern Pacific Ocean become very noticeable in the areas
of California, near San Francisco and Los Angeles. This can be noted by
Map of Korean Peninsula Coastal
Scan (Figure 13B)
examining the results from over 20 primary National Weather Service
reporting stations and related military weather stations along the central
and southern California coastline. There, the precipitation amounts are all above normal (Figure 17), again
using San Francisco and Los Angeles as specific examples. Once the ENSO event ends, the weather
pattern will return to a more normal sequence. Southern California returns to a dry condition, and the Korean

Peninsula becomes very wet from the increased frequency of tropical storms, as
the storm tracks return to the western Pacific.

Kuroshio Current (warm) and
Oyashio Current (Cold)
(Figure 14)

This region of the world is highly dependent on and sensitive to rice production
for an ever enlarging population. The most recent example of a negative impact
was the news in 27 May 1995 newspaper articles dealing with Japan's exporting
rice to the People's Republic of Korea (i.e. North Korea). "The North is said to be
importing rice already from Thailand, China, and South Korea." A North Korean
government spokesperson (being refreshingly candid), was quoted as saying
"North Korea is facing grain shortages due to bad weather" (Reference 2). The
double-edged sword is that within 2 years of an ENSO event, the warm dry
environment is replaced by a warm wet scenario. This is brought on by an
increased frequency of heavy rainfall amounts in the summer/fall time frame, as
more frequent tropical storm/typhoon actions move through the Korean

Peninsula.
Since the topography of the Korean Peninsula is mainly
mountainous, any tropical storm/typhoon damage is rarely wind
related; it is usually damage from heavy rains and the resultant
flash flooding. Amounts of 10 to 20 inches or more can be quite
common. The record is more than 31 inches in one 24-hour period
(31.25 inches of rain fell on Camp Page, South Korea on 19 July
1988). Our military superiority is based, in large measure, on our
electronic umbrella that is backed up with a ground presence of
mobile infantry and mechanized heavy weapons. Both advantages,
particularly our firepower advantage, are quickly negated during a
(Figure 15)
24-hour period that produces 20- to 31-inch rainfall totals
(Reference 3) . Thus, for one 24-hour day, our electronic
surveillance and air superiority are negated by the effects of an ENSO-related tropical storm/typhoon path
that produces such large amounts of rain. For days afterward, our mobility Tactical Decision Aids (TDA's)
have no real relevancy to the current topographical situation! The TDA's for the proper placement of
mechanized or armored tank battalions will suddenly become highly
suspect (since most of Korea's natural soil surface is composed of
clay composites that quickly turn to deep mud during this type of
heavy rainfall) (Reference 3). The ability to implement short-term
logistics support, such as Logistics-Over-The-Shore (LOTS)
operations for both men and machines, will need review. Long-term
support of the IX Corps logistics mission in Japan, in particular, the
ability to use heavy weapon transports such as the "roll on - roll off"
models (commonly referred to as RORO's), will be effected by
multiple tropical storm/typhoon events (Endnote 2). Ship routings will
be slow and complex, at best, as shown by the satellite shot taken on
14 September 1967 (Figure 18). As each storm generates its own
(Figure 16)
set of storm waves, the overall sea conditions become even more
chaotic as the four storms in the western Pacific meet the waves
generated by the two storms in the eastern Pacific.

This could literally lead to the sudden loss of a heavily loaded ship due to an ocean mechanism that the
scientific community continues to investigate. As certain hurricanes or typhoons approach a strong warm
water current, such as the Atlantic's Gulf Stream or the Pacific's Kuroshio current, the energy of the warm
water seems to complement the storm surge wave in order to produce rogue-like tsunamis that can

approach 100 feet in height on the open sea! The right conditions are
most likely to occur along the area of the main warm water current
known as the "north wall." This phenomenon has been noted in a
narrow band of extreme horizontal water temperature changes
marking the north edge of the Kuroshio current in the Pacific Ocean
and the Gulf Stream in the Atlantic Ocean (Reference 4). A recent
case in point is the 16 September 1995 newspaper account of the
British luxury liner, Queen
Elizabeth 2, as she made
another passage from the U.S.
to Europe. "The 95-foot wave,
caused by the seas being
whipped up by Hurricane Luis,
hit the ship bow-on while it was south of Newfoundland. The wave was
so huge that its crest was at bridge level" (Reference 5). Thus, the
sudden loss of a heavily loaded SL - 7, the largest of the RORO's, is not
outside the realm of possibility (Endnote 2).
(Figure 17)

Another example of the strength and reach of these storms involves
slow-moving tropical storms off the southeast coast of Australia in the
Tasman Sea area (Figure 7) which can generate wave patterns that can
significantly damage the beaches on the Hawaiian Islands, and the next
day, begin damaging the beaches around the naval facilities in San
Diego, CA.

Nine Tropical Storms
ESSA Weather Satellite
09/14/67 (Figure 18)

Even without these examples of worst case events, the accompanying graph of recent western Pacific
Ocean basin tropical storm/typhoon counts by year ( Figure 19 and Table 4), again shows the approximate
2-year lag in storm frequency. During an ENSO event, the upper level wind patterns that are necessary for
continued storm development and intensification are either weak or nonexistent. As an ENSO event is
ending, and the Walker Cell development returns to the western Pacific, the upper level wind pattern once
again becomes conducive to tropical storm development. This is coupled with a shift in the Kuroshio current
(Figure 14) that results in a pooling of warm water in the western Pacific (north of the Philippines, east of
Taiwan, and just west of the Korean Peninsula).

Global Sea Surface Temperature Maps – 07/23/95
(Figure 21A)
Global Sea Surface Temperature Maps – 07/23/95
(Figure 21B)

Table 4: Typhoons and Tropical Storms in the N.W. Pacific
Year of
Occurrence

Typhoons and Tropical Storms in the N.W. Pacific Ocean
(Figure 19)

Modern Average Global Sea
Surface Temperature in the N.W. Pacific Ocean
(Figure 22)

1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990

Number
of
Typhoons
17
19
20
24
19
26
21
20
20
20
13
12
24
22
12
15
14
14
11
15
14
15
16
19
12
16
17
19
18
14
21
21

Number of
Tropical
Storms
6
8
11
6
6
13
13
10
15
7
6
12
11
8
9
17
6
11
8
13
9
9
12
7
11
11
9
8
6
12
10
10

Annual
Sum of
Storms
23
27
31
30
25
39
34
30
35
27
19
24
35
30
21
32
20
25
19
28
23
24
28
26
23
27
26
27
24
26
31
31

1991

20

10

30

The amount of time necessary to cause an El Nino event, and the resultant wave action reflecting off the
North American continent in order to force this cumulative pooling of warm water in the western Pacific, is
usually between 18- to 24- months for moderate to strong events, and as little as 12 months for very strong
to extreme events (Table 5 and Figures 20A/ B/ C/ D/ E). The difference in sea level between the western
and the eastern Pacific can be as much as 2 meters, with the resultant water movement approaching 200
km (about 125 miles) a day. It should be noted that in Figure 20C, the central part of an El Nino is the strong
warm water ocean current known as a Kelvin Wave. This extends for more than 6,000 km (over 3,700 miles)
along the equator! Another problem with this western pooling of warm water that eventually feeds into the
Kuroshio current (Figure 21A /B), is that it distorts the normal recurvature path of tropical storms/typhoons
more to the west (note close-up in Figure 22). The strength of the El Nino events of 1973 and 1982-83
caused this type of scenario to appear in the western Pacific.

Table 5: Explanation of Figures 20A-21B
Figure

Sea Surface Variability – 03/30/94
(Figure 20A)

Sea Surface Variability – 09/15/94
(Figure 20B)

Date

Explanations
Pooling warm water begins to move eastward as
another El Nino begins.
Warm water continues to expand eastward.
Upwelling on the west coast of South America
has ceased.
Return flow to the west starts to build.
Pooling of warm water, south and west of Japan
and the Korean Peninsula, begins.

20A

03/30/94

20B

09/15/94

20C

10/25/94

20D

12/26/94

20E

01/28/96

21A and B

Pool of warm water ( Figure 20E ) is in place,
07/23/95 while upwelling returns off the west coast of
South America.

Thus, storms that would normally recurve either under or through the
Japanese main islands, even during an El Nino event (Figure 23),
will now start to recurve just east of Taiwan. Remember, the El Nino
event has ended, but the pooling of warm water west of the Korean
Peninsula, and north and east of Taiwan, is still growing as an
aftereffect. This, in turn, means that recurvature will bring the storm
tracks further west, and then north, with its accompanying rain shield
coming directly over the Korean mainland (Figure 24 and 25). This
is a case of cause and effect that is similar to the low sun angle in
the Northern Hemisphere in the winter season, that is normally
followed by a 1- to 2-month lag in low (cold) temperatures for that
winter season.

A particularly extreme example of western movement before
recurvature, with excessive rainfall over the Korean Peninsula,
involved tropical storm "June" in August 1984 (Figure 26). As it
entered mainland China, west-southwest of Taiwan, the remains of
June encountered an unusually strong, and consequently "further
south than normal," polar cold front. This combination of polar air
and a very moist tropical system acted as a giant conduit that
funneled heavy rains over the Korean Peninsula, even though the
actual tropical storm
system was now far below
Sea Surface Variability – 10/25/94
the standards usually
(Figure 20C)
associated with a "named"
storm. This flooding claimed 180 lives and drove 90,000 people
from their homes (Reference 7).

Sea Surface Variability – 12/26/94
(Figure 20D)

Another problem to consider with strong typhoons is heavy rainfall
amounts, coupled with high winds (approaching 150 mi/h), and
landfall near high-density population centers. Two such events in
the Tokyo, Japan area killed 1,269 people in 1958 and 5,098 in
1959. The inevitable confusion that surrounds such natural
catastrophes would slow down any attempt to resupply that area.
This, in turn, could easily be interpreted as a military weakness to be

exploited by armies of North Korea, if such an event occurred near
Seoul or Pusan, South Korea.
It is important to remember that the North Korean military leadership
of 1950-54 believed so strongly in the importance of weather data
as a strategic weapon that they tried to eradicate any external
knowledge of Korean weather or climate data. It is the only conflict
that the author has studied in which a concerted effort was made to
either move weather libraries, in this case to North Korean military
bases, or to destroy those libraries wherever they were found. Of
more profound importance was the fact that any South Korean
weather personnel, if captured, were summarily executed
Sea Surface Variability – 01/28/95
(Reference 8). With this type of extreme behavior toward weather
(Figure 20E)
personnel and weather data bases, strategic and logistic planners
should remember that North Korean military planners will be strongly inclined to use their knowledge of local
weather patterns to help negate any U.S. military advantages.

Tropical Cyclone Threat Axis
(June, July, August, September, and October)
(Figure 23)

Typhoons and Tropical Storms Affecting the Korean Peninsula
[1974 – 1991]
(Figure 24)

El Nino Induced Problems: Economic – Strategic - Tactical
The gradual development of adverse weather and
oceanographic conditions as a result of an El Nino cycle can
lead to poor rice farming and fishing seasons that can last 2 to 3
years in length. Thus, an area of economic concern (weak to
nonexistent production for agriculture and fishing), can lead to
military flash points as political leaders strive to feed their hungry
people; or they can simply use this situation as a convenient
ruse in order to stockpile donated food supplies near military
installations for possible future military operations (Reference 9).
Considering world history, it is reasonable to note that a nation
that is hungry will gradually come to the conclusion that its
armies can solve the problem. Our dependence on electronic
surveillance, early warning systems, and jamming
countermeasures to protect our troops and equipment will be
most vulnerable during the heavy storms that are possible during
the final months of an El Nino event. Dr. Epstein's work on the
gradual expansion of the average minimum temperature line (10
° C. [50 ° F.]) in both its area and its vertical sense, is the best
Typhoons and Tropical Storms Affecting the
analytical proof yet that we are undergoing a very gradual, but
Korean Peninsula
steady, global warming effect. More heat energy put into the
[1974 – 1991]
atmosphere causes more energy to be stored in the world's
(Figure 25)
oceans. This, in turn, makes it easier for tropical storms to grow
larger and become more intense. The meteorological values for the Korean Peninsula are not extreme for
Southeast Asia, but the following values could be recorded in South Korea if conditions were to complement
each other.
The conditions to watch for would be the following:
1. One year after a moderate to strong El Nino event.
2. The middle years of an 11-year sunspot cycle (to help increase tropical storm frequency) (Reference
10).
3. The alignment of a polar front as in this special case (Figure 26).
4. This, in turn, could lead to similar precipitation values in South Korea as those that were reported
earlier at stations in Vietnam:
o 4.35 inches of rain in 1-hour - Phu Lien
o 8.66 inches of rain in 3-hours - Phu Lien
o 115.0 inches of rain in 1-month - Latrong, September 1930
o 131.0 inches of rain in 2-months - Dien Bien Phu, July and August 1937
o 313.0 inches of rain annually - Kas Kong, 1923 (Reference 3)
Thus, the final tactical decision formulations should be based on the following areas of significance:
ECONOMIC: Have agricultural stress factors been noted in North Korea? Are unique requests for
imports (such as rice) being observed (as in mid-1995)? Have unusually long periods of warm, dry
weather been followed by heavy rains that have produced widespread flooding throughout the
country?
STRATEGIC: As economic stress factors rise due to the end of a moderate to very strong (even
extreme) El Nino event, have sensors indicated any type of additional buildup in military forces? Are
logistic supplies, military equipment and personnel ready for short notice advance and deployment,

particularly during July, August, or September? (These
are the months of very frequent and, often, most
intense typhoon development).
TACTICAL: Have weather satellites shown the sudden
development of multiple typhoons (Figure 18)? If this is
the time frame after an El Nino event, when typhoon
recurvature over South Korea (instead of over Japan) is
most likely, will our defensive alert posture be ready to
compensate for the 12- to 24-hour loss of electronic
"early warning" networks?
If a ruling group within North Korea has enough internal
economic pressure, it becomes easier to blame "the enemy"
for their problems. Especially if they think the U.S. is
preoccupied with other world events, it becomes easier to
believe that strategically we are not ready. It is, therefore, only
a short step to "victory" to use a strong typhoon to cover their
initial advance into South Korea (Reference 11). In the midst
of winds, heavy rains, mud, and floods, chaos will rule. For
their goals, the more chaos the better. The technical
Tropical Storm June
[08/28/84]
superiority of our satellite and communication systems was
(Figure 26)
very evident in the U.S.'s execution of "Operation Desert
Storm." To ignore this advantage is a mistake any potential adversary will try hard not to repeat. Thus, our
strategic and logistical planners need to remember the potential problem areas for each area of concern, as
noted by our use of the Korean Peninsula (note Table 6).
Table 6: Potential Problem Areas
1
2
3
4
5
6
7
8
9
10

Potential Problems Area
Assessment of flooding on the utility of North Korean tunnels.
Assessment of flooding on South Korean harbor facilities (i.e. will silting be a big concern?).
Assessment of heavy rains on armor mobility and artillery effectiveness.
How long after the ground becomes saturated before light vehicle traffic can be counted on?
How long after the ground becomes saturated before heavy armor can be tactically moved and used?
Are logistical storage areas/warehouses vulnerable to heavy rains or mudslides?
Will field elements be able to use Global Positioning System (GPS) capabilities during periods of heavy rains
that are induced by tropical storms?
If RORO's are needed, can the facilities at most South Korean harbors handle such large ships or their
heavy cargoes?
If the South Korean harbors cannot handle RORO traffic, how long of a time delay is expected for off-loading
at Japanese ports before smaller shipments can be delivered to South Korean ports?
If severe flooding can change the salinity values of the nearby ocean waters, will this, in turn, effect the
defensive positioning of our Anti-Submarine Warfare (ASW) elements?

Conclusion
Military planners, either in the strategic, tactical or logistic fields of operation, must become aware of the
obvious changes possible during and after a strong El Nino; and be cognizant of the more subtle, long-term
effects these mechanisms can produce. The Korean Peninsula example of droughts and floods, that can
assuredly destroy an agricultural system (based on rice production) despite the best efforts of the local
population, is an excellent example of how a small nation can be pushed to the brink of war. Reacting after
the fact will not work. The wide-ranging environmental effects of an El Nino can alter the timing sequences
associated with the production of various Army tactical decision aids. As highlighted by the potential problem
areas for Korea (Table 6), the environmental impacts of an El Nino can be fine-tuned to focus on any
particular geographic area of interest around the world. Further research needs to be done to better
understand the short- and long-term effects of El Nino's environmental impacts on Army TDAs. This
research will improve the timetables required for more accurate logistical and tactical support of U.S. military
units in the field. Recognizing the El Nino pattern early in its development will give military planners the
necessary time to gradually build-up the personnel and supplies needed in order to quietly defuse any
potentially dangerous situation.
The U.S. must understand that an El Nino event is not a threat; however, it is the catalyst that can lead to a
real threat. It could be the start of a dangerous game of military brinkmanship brought on by economic
hardship, and fueled by a mutual feeling of suspicion and mistrust. If military planners acquire a better
understanding of the immediate and long-range effects of an El Nino mechanism, then strategically and
logistically the U.S. will continue to have a strong deterrent force in the western Pacific area of operations,
regardless of any "current" (i.e. typhoon) weather situation. Typhoon Oscar (inset photo), should continue to
be a potential economic concern; it should not be allowed to become the first step in a reenactment of the 15
September 1950 amphibious landing at Inchon.

Figure Sources
1. The Peru or Humboldt Current http://www.crseo.ucsb.edu/geos/gif/s3.gif
2. Changes in sea surface temperature due to El Nino http://www.crseo.ucsb.edu/geos/gif/1112a.gif
3. Atmospheric and Oceanic Interaction http://www.crseo.ucsb.edu/geos/gif/atmocin2.gif
4. Darwin - Tahiti Annual Pressure Change Comparison http://www.crseo.ucsb.edu/geos/gif/1121.gif
5. Non-El Nino Conditions http://www.crseo.ucsb.edu/geos/13.html
6. Normal versus El Nino Conditions http://www.pmel.noaa.gov/images/ElNino.gif
7. Map of Australia-Pacific (National Geographic Society, Washington, D.C., November, 1989).
8. Map of Peru (Central Intelligence Agency, C.I.A. Maps, May 1995).
9. Map of Ecuador (Central Intelligence Agency, C.I.A. Maps, May 1995).
10. Precipitation of South America - Normal Condition (June)
http://www.crseo.ucsb.edu/geos/gif/JUNPSAM.gif
11. Piura River Water Discharge - Peru http://www.crseo.ucsb.edu/geos/gif/1221.gif
12. El Nino Events - Severity versus Year: Neander, 1995
13.
o A: Map of Korean Peninsula (Central Intelligence Agency C.I.A. Maps, May 1995).
o B: Map of Korean Peninsula Coastal Scan
http://antares.csi.lsu.edu/demos/noaa/inter/n11.890120.04.korea.gif
14. Kuroshio Current (warm) and Oyashio Current (cold) http://www.seaspace.com/images/kuroshio.gif
15. Rainfall Pattern During El Nino http://www.crseo.ucsb.edu/geos/gif/13511.gif
16. May - September Precipitation for Four South Korean Stations. Neander, Krause, 1995
17. Annual Precipitation For Two U.S. West Coast Stations. Neander, Krause, 1995
18. Nine Tropical Storms - ESSA Weather Satellite - 09/14/67. Mariner's Weather Log, volume 12,
number 1, January - February 1968.
19. Typhoons and Tropical Storms in the N.W. Pacific Total Storms per Year vs. Years. Neander, Krause
1995
20.
o A: Sea Surface Variability - 03/30/94 http://topex-www.jpl.nasa.gov/ninowatch/S940330.gif
o B: Sea Surface Variability - 09/15/94 http://topex-www.jpl.nasa.gov/ninowatch/S940915.gif
o C: Sea Surface Variability - 10/25/94 http://topex-www.jpl.nasa.gov/ninowatch/S941025.gif
o D: Sea Surface Variability - 12/26/94 http://topex-www.jpl.nasa.gov/ninowatch/S941226.gif
o E: Sea Surface Variability - 01/28/95 http://topex-www.jpl.nasa.gov/ninowatch/S950128.gif
21.
o A: Global Sea Surface Temperature Maps 23 July 1995
gopher://gopher.ssec.wisc.edu/11/mcidas.d/other.d/
o B: Global Sea Surface Temperature Maps 23 July 1995 (continued)
gopher://gopher.ssec.wisc.edu/11/mcidas.d/other.d/
22. Modern Average Global Sea-Surface Temperature in the N.W. Pacific Ocean - August 1995.
http://geochange.er.usgs.gov/pub/magsst/FGDCmeta.html
23. Mariners Weather Log, volume 24, number 5, September - October 1980. Tropical cyclone threat axis
(June, July, August, September, and October).
24. Typhoons and Tropical Storms affecting the Korean Peninsula (1974 - 1991). Neander, 1995
25. Typhoons and Tropical Storms affecting the Korean Peninsula (1974 - 1991). Neander, 1995
26. Tropical Storm June (28 August 1984 - Special Case). Neander, 1995

Endnotes
1. A "The impact of the ocean environment upon tactical and strategic forces and their operations and
system performance must be understood and accounted for, to most effectively employ our Navy."
(Admiral James D. Watkins, USN, "CNO Oceanography Policy Statement," 19 April 1984).
B "It is my responsibility to ensure that every Soviet submarine understands the ocean and how to
hide in it." (Rear Admiral A.I. Russokho, Soviet Oceanographer, Paris, France, 1973).
2. When TDA's are being formulated for the strategic use of RORO vessels under a LOTS operation
mandate, the following should be remembered:
A The fastest RORO is the SL-7 which can average 33 kn.
B The average speed for most of these ships is 15-17 kn.
C Most RORO designated ships have a length of 500 ft., a width of 35 ft., and a draft of 28-30 ft.
D On a normal great circle route, storm generated sea swells will cause significant delays in the
recurve area.
E If the RORO ships are ordered to move east, they can expect a delay in travel time of at least 2 1/2
- 3 weeks because of the Panama and Suez Canal transits.
F If the southern route around the Cape of Good Hope is used, the worst case scenario would add
another 20 days to the time interval, in addition to possible superstructure damage to individual
vessels due to winter storm conditions (Reference 6).
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