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DIAGNOSTIC INDICES OF OCEANOGRAPHIC AND ATMOSPHERIC CONDITIONS 
IN THE CENTRAL NORTH PACIFIC OCEAN 

ABSTRACT 

Indices were developed to evaluate the yearly atmospheric 
and oceanographic conditions in the central North Pacific Ocean. 
These indices show a warming of summer surface waters in 1989, 
which was associated with a weaker-than-normal winter Aleutian 
low pressure system, weakened storm activity across middle 
latitudes, and a positive Southern Oscillation Index. This 
warming contrasts with the unusually cool sea surface tempera
tures of the mid-1970s through the mid-1980s. Subsurface ocean 
temperatures changed in accordance with surface conditions, 
apparently displacing northward the subarctic frontal zone during 
the summer of 1989. Preliminary 1990 data suggest the warming of 
sea surface temperatures was sustained into the summer of 1990. 

INTRODUCTION 

Physical ocean conditions play a dominant role in the 
growth, survival, and distribution of salmonids in the North 
Pacific Ocean (Favorite et al. 1976). Subsurface conditions are 
more likely to affect salmonid distribution than are surface 
conditions (Tabata 1983; Favorite and Hanavan 1963), although 
both environments are related through mixing and advection. 

Annual variations in ocean conditions are associated with 
annual changes in salmonid migration patterns (Blackbourn 1987), 
thereby affecting the vulnerability of salmonids to coastal or 
oceanic fisheries under fixed time/area management regimes. For 
example, the North Pacific squid driftnet fishery operates in 
a region with yearly fluctuations in salmonid distribution 
(Ignell 1989); salmonids that migrate south due to changes in 
ocean conditions during a particular year will encounter an 
increased risk of capture by the fishery. 

Scientists and managers monitoring the fisheries need to 
understand the magnitude of annual changes in physical ocean 
conditions and their effect on salmonid distribution within 
pelagic driftnet fishing areas. Such information, when sup
plemented with bycatch models based on observer and research 
vessel data, can provide a preliminary assessment of possible 
fishery impacts and help shape management regimes necessary to 
mitigate the impacts. 

This document summarizes annual changes in the magnitude of 
environmental conditions in the central North Pacific Ocean by 
presenting surface and subsurface temperature and atmospheric 



indices (see Appendix for description of indices). Some of the 
indices have been previously published, whereas others are new. 
The focus is on recent years (1988 and 1989), on winter 
conditions (which indicate the North Pacific climate patterns 
that exert a strong influence on ocean parameters), and on summer 
conditions (which show the upper ocean characteristics when the 
squid driftnet fishery is at its peak). 

NORTH PACIFIC CLIMATE PATTERNS 

Variations in ocean temperature and salinity are greatest 
in the upper 100 m of the ocean (Tabata 1989) where salmonids 
reside, and are primarily related to changes in atmospheric 
conditions. These variations are caused mostly by local weather, 
which is associated with large-scale (regional to global) 
atmospheric systems. 

There are two prominent large-scale, atmospheric features 
that impact the squid/salmon fishery region: the Pacific/North 
American pattern (PNA), and the El Nino-Southern Oscillation 
(ENSO) phenomenon. Both of these features are associated with 
the strength of the Aleutian Low during northern winters. The 
Aleutian Low is a climatological composite of the storms that 
move across the Pacific in a particular month, and is the dom
inant climatic feature in the North Pacific. 

The PNA pattern is a measure of a frequently 
large-scale atmospheric anomaly pattern which has 
in the Aleutian Low region of the North Pacific. 
also has covarying anomaly centers in other areas 
hemisphere, and is characterized by the following 

PNA Index = H(20°N, 170°W) - H(45°N, 165°W) + 
H(58°N, 115°W) H(30°N, 90°W), 

occurring 
a major center 
This pattern 
in the northern 
index: 

where His a monthly or seasonal anomaly of the 700 mb height 
field (Cayan and Peterson 1989). The "strong phase" of the PNA 
has a strong Aleutian Low, and is associated with frequent 
cyclones displaced further south than usual. The negative sea . 
level pressure anomalies in the central North Pacific during 
strong PNA's are usually accompanied by positive pressure 
anomalies over the subtropical North Pacific and western Canada, 
and negative pressure anomalies over the southeastern United 
States (Wallace and Gutzler 1981). A broad-scale measure of 
Aleutian Low strength is the Central North Pacific (CNP) surface 
pressure index (Cayan and Peterson 1989), which is strongly 
related (negative correlation) to the PNA in winter. 
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A strong Aleutian Low also tends to occur during an El Nino 
episode (Bjerknes 1969; Dickson and Livezey 1984)--the irregular 
(about once every 3 to 7 years) appearance of unusually warm 
waters off Peru around Christmas time. The strength of ENSO 
conditions is reflected by the Southern Oscillation Index (SOI), 
the difference between the standardized sea level pressure anoma
lies at Tahiti and at Darwin, Australia (i.e. "Tahiti" minus 
"Darwin"). The SOI is negative during El Nino when easterly 
winds in the tropical Pacific slacken, and positive during cool 
"La Nina" events when trade winds are strong. 

The winter Aleutian Low pressure system has a major effect 
on the ocean environment by directing and intensifying storm 
systems throughout the North Pacific Ocean. As a result, strong 
Aleutian Lows produce cold sea surface temperature (SST) anoma
lies in the Central North Pacific due to wind mixing and high 
latent and sensible heat losses (Namias et al. 1988). Winters 
with a weak Aleutian Low are generally associated with warm SST 
anomalies in this region. These winter conditions are extremely 
important, because atmospheric variability is largest in winter, 
and resultant SST (and presumably subsurface temperature) anomaly 
patterns tend to persist into summer. It should also be noted 
that the atmospheric circulation. over the North Pacific can take · 
on other configurations than simply a strengthening or weakening 
of the classical Aleutian Low, and these other patterns have 
differing effects on the upper ocean. 

1989 ENVIRONMENTAL CONDITIONS 

Atmospheric circulation in winter 1989 was dominated by a 
large intense high centered over the Yukon, Canada, covering the 
eastern North Pacific (Fig. 1); at its peak in February, this 
high pressure system was the highest ever recorded in North 
America. The Aleutian Low was northwest of its usual location in 
February and near-normal in intensity. These events occurred as 
positive values of the 1988 SOI and CNP atmospheric indices 
receded to near-normal levels (Figs. 2 and 3). 

Sea surface temperatures near the North Pacific squid 
driftnet fishery area increased in 1989 from 1988. July SST in 
two 5° x 5° areas along 40°N latitude showed a modest increase in 
the monthly mean (Fig. 4). Sea surface temperatures near the 
northern boundary of the fishery, however, rose to near-record 
decadal levels (Fig. 5). Much of the warm water occurred in the 
central to eastern portion of the fishery, similar to 1980 and 
1985 (Fig. 6). The 1989 SSTs in the western portion of the 
fishery were cooler than the long-term average, closer to typical 
fishery-wide SSTs of the 1980s. 
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Subsurface temperatures near the squid driftnet fishing area 
also increased in 1989 from 1988, as indicated by the weaker than 
normal southward extension of western subarctic water (Fig. 7) 
and northward movement of 5°C water at the 100-m depth (along the 
Hokusei maru annual survey track; Fig. 8). 

1977-1990 ENVIRONMENTAL TRENDS 

The 1989 North Pacific winter was a marked contrast to the 
several strong Aleutian Low winters between 1977 and 1987 (Fig. 
3). The 1989 high sea-level pressure anomalies dominating the 
eastern North Pacific basin (Fig. 1) resulted in weakened storm 
activity across eastern middle latitudes, and led to a warming of 
the SST in the central North Pacific, which had been unusually 
cool during the mid-1970s through the mid-1980s (Figs. 4 and 5). 
Subsurface ocean temperatures also changed in accordance with 
surface conditions, apparently displacing northward the northern 
boundary of the subarctic frontal zone (as defined by water 
temperature at 100 m) during the summer. 

Preliminary 1990 data suggest that this SST warming was sus
tained into the 1990 fishing season (Fig. 4). In the winter of 
1990, the North Pacific subtropical high pressure system lay fur
ther north and was more extensive than normal, covering the North 
Pacific south of 45°N (U.S. Dep. Commer. 1990). As a result, 
storm activity was markedly reduced across the middle latitudes, 
which led to increased SSTs for the second straight year. 

FUTURE WORK 

The indices presented in this document provide a description 
of 1989 environmental conditions in the North Pacific Ocean and 
how they differ from those of the past decade. They also reveal 
the degree to which the atmosphere and ocean interact with one 
another. 

This analysis will be expanded in future years with new 
indices. Techniques developed for analysis of tropical 
environmental conditions can perhaps be adapted to the central . 
North Pacific region. This increase in focus would bring 
practical payoffs to fishery scientists and fishermen who seek a 
better understanding of that oceanic regime. 
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APPENDIX.--DESCRIPTION OF CLIMATE INDICES AND FIGURES. 

Atmospheric Data: 

1. January and February monthly mean sea level pressure for the North 
Pacific Ocean, 1988-1989. Data from the NOAA Mariners Weather Log (U.S. 
Dep. Commer. 1988, 1989). 

2. Southern Oscillation Index (SOI): the difference between the 
standardized sea level pressure anomalies at Tahiti and Darwin, 
Australia (i.e. "Tahiti" minus "Darwin"). 1 

3. Central North Pacific (CNP) atmospheric index, constructed by averaging 
sea level pressure over the region 35° to 55°N and 170°E to lSO°W (Cayan 
and Peterson 1989). 

Surface Temperature: 

4. Sea surface temperature (SST) index for the squid driftnet fishery. The 
index reflects the average monthly SST across a 2°-latitude band, 
extending from 170°E to 145°W. For the July index, latitude of the band 
ranges from 40° to 42°N. For the seasonal index, monthly SSTs from June 
through December are averaged; latitude of the band ranges from 38° to 
40°N for June and December, 40° to 42°N for July and November, 42° to 
44°N for August and October, and 44° to 46°N for September. Data from 
the Comprehensive Ocean-Atmosphere Data Set (GOADS; Woodruff et al. 
1987), and prepared by Scott Woodruff. 2 

5. Time-longitude section of anomalous SST near the northern border of the 
squid driftnet fishery. Anomalies are computed from the GOADS 1950-79 
climatology of 2-degree SST anomalies. The data are same as that used 
in Figure 4. 

6. Departures from the July mean sea surface temperature (SST) 1 swnmarized 
on a 5° grid centered at 40°Nl75°E and 40°Nl45°W, 1947-90. 2 

Subsurface Temperature Data: 

7. Southward extension of Western Subarctic water, also known as "The 
Komandorskie Cold Tongue," in June (Hiramatsu 1989). 

8. Time series of SST and 100-m depth temperatures along the 175°30'E 
meridian in the North Pacific Ocean in late July (Ignell 1989). 

1D. Cayan, Scripps Institute of Oceanography, Climate Res. Div., La 
Jolla, CA 92093. Pers. Commun., September, 1990. 

2S. Woodruff, Environ. Res. Lab., NOAA, 325 Broadway, Boulder, CO 80303-
3328. Pers. Commun., September, 1990. 
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Figure 1.--January and February monthly mean sea level pressure over the North Pacific Ocean, 1988-1989. Data 
are from the U.S. Dep. Commer., NOAA Mariners Weather Log 1988-1989. 
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Figure 2.--Southern Oscillation Index, 1978-1990: the difference 
between standardized sea level pressure anomalies at 
Tahiti and at Darwin, Australia ("Tahiti" minus 
"Darwin"). 
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Figure 7.--Annual variation in the southward extension of Western 
Subarctic water, also known as the "Komandorskie Cold Tongue," 
in June, 1968-1989. Data from Hiramatsu (1989). 
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Figure 8.--Contour plot of the time series of sea surface temperature 
(upper graph) and subsurface temperature (100-m depth; 
lower graph) from a series of oceanographic sampling stations 
ranging from 40°N to 47°30'N along the 175°30'E meridian. 
Data from the Japanese research vessel Hokusei maru. 
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