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INTRODUCTION

As part of DYNUMES, a dynamical numerical ecosystem simulation model,
run on the NWAFC Burroughs 7811 computer, ocean water temperature fields are
required for growth and fish migration computations on a square 61 km (24 x
24) grid mesh of the eastern Bering Sea (figure 1). Both long-term monthly
means and monthly anomalies of temperature reflect environmental changes
which in turn effects the model output of total fish biomass versus time.
The following describes the methods used to obtain these temperature fields
and presents updated printer-plots of long-term monthly mean sea surface
and near bottom temperatures followed by printer plots of anomalies by month
for each month that had 10 or more data observations from 1953 to 1982, This
report provides Fisheries Biologists with a long time series of charts of
environmental change by month for comparison and correlation with their

research studies in the eastern Bering Sea.
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Figure 1.--DYNUMES ecosystem simulation model (2h4x2h) grid over the
eastern Bering Sea shelf.



DATA FILE AND UPDATE

An earlier temperature data summary through 1979 was described by
Ingraham (1981)1/. This data base was updated through 1982 using data
from NWAFC cruises and PMEL (Pacific Marine Environmental Lab) computer
files and now contains 24,456 records., It is maintained on the NWAFC
Burroughs 7811 computer under the permanent file name " (REFMO200)PERM/
BSYRMO/82", Further updates are expected as more data are acquired. The
records are in card image and each contains standard information such as
longitude, latitude, year, month, day, time, ship, cruise number, and source
indicator along with the data -- sea surface temperature and salinity, near
bottom temperature and salinity, water depth, and depth of near bottom data.
Records have been sorted by time with decreasing year (82 to 32) and within
each year by increasing month (1-12), day (1-31), and hour (1-24). Before
any analysis is performed using this file an error program is run to set
up a corrected work file, This error detection program, titled "(REFM0200)
SURFACE/ TEMPDATA", (1) rejects data outside of the desired grid longitude-
latitude ranges, (2) searches for probable errors in longitude-latitude by
rejecting data whose depth is greater than twice the chartered sounding, and
(3) rejects identically zero values (missing data). The corrected file,
titled "(REFMO200) PERM/SURFACE/TEMPDATA", is now ready for final analysis

into long-term means and anomalies.

1/ Ingraham, W. James, Jr. 1981. Temperature and salinity observations
at surface and near bottom over the Eastern Bering Sea Shelf, averaged
by 1° x 1/2° squares, U,S. Dept. Comm., Natl. Oceanic Atmos. Admin.,
Natl. Mar. Fish. Serv., NW and Alaska Fish. Ctr. Processed Rep. 81-09, 52 p.



DATA ANALYSIS INTO GRID

Because the file contains data from quasi-random locations, an averaging
scheme must be chosen for space and time resolution such as the 1/2° (lat.)
by 1° (long.) squares by month in the previously mentioned summary. In this
case a new spatial scheme was decided to be a 24 x 24, 61 km, equally spaced
grid mesﬁ also by month. To map the random data into grid locations an
analysis program, titled " (REFM0200)CONVERT/SSTANOMALY/SELECT" reads through
the corrected file record by record and compares the location of each observation
with the grid latitudes and longitudes to determine the 4 closest surrounding
grid points. Then the data value and a weighting factor inwversely propor tional
to the square of the distance from these grid points are summed in separate
arrays at the 4 corresponding grid points. After all the data for one month
have been processed, division of the data sum by the weighting factor at
each grid point produced the long-term monthly mean (sea surface or near bottom)
temperature fields for each grid point that had data as close as one grid
point away.

Although this long-term mean represents a meaningful data summary,
the numerous spatial data gaps and the unequal distribution of data in
warm and cold years requires caution and further treatment of these fields.
First, each of the 12 long-term mean monthly fields were examined for missing
data and an appropriate best guess value was filled in based on surrounding
points and the previous and following months. Second, the rate of temperature
change was computed month to month and obvious outliers were adjusted to
reflect more uniform spatial and temporal changes. Finally, the second step
was repeated through several iterations until the time changes were smooth
and spatially consistent in the mean sense. These adjustments were based

upon knowledge of the local meteorological patterns and their effect on the



distribution of ocean temperatures as well as considerable experience in
analyzing oceanographic cruise data in the area.

The results were 12 best guess, complete, monthly, (24 x 24) grid
fields for long-term mean sea surface temperature (see Appendix A) and long-
term near bottom temperature (see Appendix C). Asterisks were printed on

the figures to represent the approximate land mass configuration.

ANOMALIES

From these basic long-term monthly mean fields a time series of sea
surface and near bottom temperature anomalies were computed by month from
1932 to 1982; however, due to sparsity of earlier data, only monthly charts
from 1953 to 82 are presented (see Appendices B and D). These monthly fields
show data only where it was present, and months with less than 10 data points
were omitted., Table 1 summarizes the number of sea surface temperature data
observations by year and month. Table 2 summarizes the number of near bottom
temperture data by year and month. On the average a seasonal bias in sampling
was obvious with less than 10 stations per month taken from late autumn
through winter while nearly 100 stations per month were taken during summer.
There was also an increased sampling with time with about 100 stations per
year starting in 1953, an increase to about 500 stations per year starting

in 1966, and over 1000 stations per year from 1974 to 1982.
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Table 1.--Number of sea surface temperature data observations by
year and month with totals.

HONTH= 1 2 3 4 S € 7 8 9 10 11 12
YEAR TOTAL
1932 0 0 0 0 0 Q 3 93 10 ¢ C 0 56
1933 0 0 0 0 0 C 17 30 0 0 c 0 4“7
1534 0 0 0 0 Q C 36 66 0 0 a 0 102
1635 0 0 8} 0 0 Y g 23 0 0 C 0 32
193¢ 0 0 0 0 0 C 1 3 0 0- C 0 4
1937 0 0 0 0 0 ec 52 10 18 0 0 0 160
1938 0 0 0 0 0 ¢ 0 119 72 0 c 0 191
1939 0 0 0 Q 14 91 139 110 6 0 C 0 Jj60
1540 0 0 0 0 0 G 71 113 0 0 0 0 184
1941 0 0 0 0 27 11 39 0 0 0 Q 0 T7
1942 0 0 0 0 0 Q qQ ¢ 0 0 C 0 0
1943 0 0 0 0 0 ¢ C 0 0 0 Q 0 9
1544 0 0 0 0 0 c 0 0 0 0 0 0 0
1545 0 0 0 0 0 4 a 0 0 0 0 ] 0
1946 0 0 0 0 0 ¢ 0 0 0 0 C 0 0
1947 0 0 0 0 0 C 8 4 1 0 0 0 13
1548 0 0 0 0 0 ¢ 7 13 0 0 c 0 20
1949 0 0 0 0 0 ¢ 25 42 0 0 c Q 67
15650 0 0 0 0 0 C 0 0 0 0 ] 0 0
1951 4 22 0 0 0 0 0 0 0 0 ¢ 0 26
1952 0 (o] 0 0 0 G 0 0 0 0 Q 0 0
1653 0 0 Q 0 1 C 15 125 35 0 Q 0 176
1554 0 0 0 3 35 13 42 17 LK} 0 (Y 0 154
1955 0 0 24 &0 20 41 11 17 11 0 ¢ 0 166
1556 0 0 0 0 Q 12 62 62 24 0 Q 0 160
1557 0 0 0 0 Q 43 66 92 0 0 0 0 201
1958 0 0 0 1 3 S5€ 108 3z 6 0 3 Q 209
1559 0 0 1 0 ] 11€ 116 56 20 2 0 0 301
1560 3 18 0 0 0 35 173 51 19 16 0 0 319
1561 0 0 40 68 26 121 1113 83 147 4 ¢ 0 605
1962 0 0 4 0 24 42 77 ic 195 0 0 0 152
1563 0 0 2 0 12 64 86 13 14 0 4 0 195
1564 0 0 41 33 37 52 75 18 9 1 2 0 269
1965 0 0 5 12 1 g . 121 A1 1 0 G 0 79
1966 9 7 0 2 70 25€ 171 69 2 1 0 0 587
1567 0 0 11 0 a 204 215 55 7 0 Y 0 500
1968 0 42 0 1 g 16C 253 26 15 2 0 0 499
1569 13 1S 8 111 0 204 203 a9 2 0 0 0 715
1510 9 24 23 38 50 188 142 100 103 12 c 0 694
1971 1 6 9 2r 46 J9€ 81 a9 58 2 Q 0 €95
1972 0 13 10 26 53 1€€ 133 7 4 19 H 3 S44
1973 0 5 4 50 63 165 209 %3 29 24 4 0 596
1574 0 3 18 51 42 162 263 80 3 22 12 0 €57
1975 15 13 21 15 96 281 221 35¢C 362 148 77 0 1601
1976 10 7 74 164 342 472 211 218 321 184 0 0 2C03
1977 0 1 16 61 220 13¢€ 224 18¢ 124 33 G 0 1001
1978 0 e9 2G 202 294 46E 415 70 90 0 c 0 1€46
1579 0 14 41 115 196 381 512 315 0 0 0 0 1574
1980 21 14 0 qQ 137 193 103 126 71 0 C 0 665
1981 17 195 48 0 247 19¢ 223 43 56 95 52 0 11764
1982 0 0 0 13 91 15¢ Joa 197 142 322 0 0 1271
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10 1AL 102 448 425 1033 2225 S111 5359 3296 2061 890 154 3 21147



Table 2.--Number of near bottom temperature data observations by
year and month with totals.

MONTH= 1 2 3 4 o) 6 7 8 9 10 11 12
YEAR T0TAL
1932 0 0 0 0 0 0 3 51 10 0 (4 0 54
1933 0 0 0 0 0 C 16 30 0 0 0 0 46
1934 0 Y] 0 0 0 0 19 49 0 0 0 0 67
1535 0 0 0 0 0 0 0 20 0 0 0 0 20
1936 0 0 0 0 0 C 0 0 0 0 0 0 0
1937 0 0 0 0 0 74 42 9 16 0 0 0 141
1938 0 0 0 0 0 0 0 122 67 0 0 C 179
1939 0 0 0 0 14 91 134 w1 6 0 C 0 136
1940 0 0 0 0 0 C 70 111 0 0 ¢ 0. 181
1941 0 0 0 0 22 11 23 0 0 0 0 Y 56
1942 0 0 0 0 0 0 0 0 0 0 0 0 0
1943 0 0 0 0 0 0 0 ] 0 0 C 0 0
1944 0 0 0 0 0 0 0 0 0 0 0 0 0
1945 0 0 0 0 0 Y ¢ 0 0 0 C 0 0
1946 0 0 0 0 0 0 0 0 0 0 0 0 0
1947 0 0 0 0 0 0 8 2 0 0 0 0 10
1948 0 0 0 0 0 0 7 4 0 0 0 0 11
1949 0 0 0 0 0 0 8 35 0 0 0 0 43
1950 0 0 0 0 0 0 0 0 0 0 Q 0 0
1951 4 22 0 0 0 0 0 0 0 0 0 0 26
1952 ] 0 0 0 0 0 0 0 0 0 0 0 0
1953 0 0 0 0 0 C 14 %0 9 0 0 0 63
1954 0 0 0 0 23 2 26 9 27 0 C 0 87
1955 0 0 24 er 15 40 8 2 2 0 C 0 118
1956 0 0 0 0 0 0 4 12 8 0 Q 0 24
1957 0 0 0 0 0 9 15 27 0 0 0 0 51
1958 0 0 0 1 1 12 51 15 3 0 0 0 g4
1959 0 0 0 0 C 33 57 24 16 1 C 0 131
1960 3 15 0 0 0 1 145 46 14 14 0 0 238
1961 0 0 5 &7 1 35 79 38 109 3 c 0 nr
1962 0 0 0 0 1 22 36 4 151 0 0 0 214
1963 0 0 0 0 0 15 b 0 2 0 1 0 62
1964 0 0 9 15 6 30 39 43 1 1 0 116
1965 0 0 3 2 1 28 69 3 ] 0 0 ¢ 0 104
1966 3 3 0 0 1 100 127 29 1 0 0 0 264
1967 0 0 2 0 3 7h 59 35 0 0 4} 0 173
1968 0 39 0 1 0 26 178 13 0 0 C 0 257
1969 1 15 4 100 68 132 108 60 1 0 C 0 489
1570 2 12 22 35 43 61 14 95 41 10 0 0 3135
1971 0 0 8 7 0 85 16 §6 54 0 C 0 213
1972 0 1 3 6 24 50 90 51 12 3 0 c 240
1973 0 0 ] 25 3 31 T2 23 1 0 (] o 155
1974 0 0 1 13 1 9 73 27 0 4 0 0 128
1975 2 1 5 1 29 75 62 141 190 79 39 c 624
1976 0 0 50 60 135 129 39 151 260 152 0 0 1026
1977 0 1 11 53 213 73 102 96 124 31 0 0 704
1978 0 50 0 166 242 197 238 1 85 0 0 0 979
1979 0 12 42 103 185 294 313 217 0 0 0 0 1226
1480 13 10 0 0 136 170 101 123 65 0 0 0, 618
1981 16 185 47 0 247 198 167 22 26 66 52 0 1026
1982 0 0 0 6 74 162 216 #4 142 172 0 0 46

- - - - - - - -
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Appendix A

Analyzed long-term monthly mean sea surface temperature (12 figures)
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Appendix B

Sea surface temperature anomalies by month 1953-82 (174 figures)
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