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EXECUTIVE SUMMARY

This volume summarizes the results of three workshops organized by the PICES-GLOBEC Climate
Change and Carrying Capacity Program that were held just prior to the PICES Seventh Annual Meeting
in Fairbanks, Alaska, in October 1998. These workshops represent the efforts of the REX, MODEL, and
MONITOR Task Teams to integrate the results of national GLOBEC and GLOBEC-like programs to
arrive at a better understanding of the ways in which climate change affects North Pacific ecosystems.
The BASS Task Team published the results of their Science Board Symposium 1997 in a refereed journal
(Progress in Oceanography, 1999. 43:2-4). The detailed reports and recommendations for the future work
of each of the Task Teams from their last meeting in 1998 can be found in the PICES Annual Report
1998, pages 129-138.

The REX Workshop on "Small Pelagic Species and Climate Change" reviewed the status of national
efforts on small pelagic fish and climate research. The workshop participants presented research results
from seven different regions around the North Pacific Rim, and identified key hypotheses that link
climate variability and small pelagic fish response. These hypotheses will be used in future cooperative
research.

A “Lower Trophic Level Model” Workshop was sponsored by the MODEL Task Team, in collaboration
with researchers involved in the Joint Global Ocean Flux Study Program (JGOFS). The goal of this
workshop was to deal with model comparison issues related to the lower trophic level and to gather
information for nutrient databases. This activity provides a crucial link between the JGOFS synthesis and
modeling efforts and the application of those results to GLOBEC research. The Task Team is planning
activities that relate to upper trophic level models. However, the lower trophic level model efforts will
remain a key activity in the near future. Several recommendations about lower trophic level models were
made at the workshop that will be followed up on in the next two years. These include building a
prototype model that will be executable on the web and holding another lower trophic level model
workshop in the year 2000 for comparison of different marine ecosystems using the prototype model.

The MONITOR Task Team is the most recently formed component of the CCCC Program. They report
here on the results of their first workshop, held to outline the present monitoring activities of PICES
nations and to identify future monitoring needs and intercalibration experiments that might be conducted.
The workshop resulted in several recommendations, particularly with regard to zooplankton monitoring
efforts. The focus of the Task Team's future work will likely be on intercalibration experiments to
facilitate comparison of zooplankton time series, design of a monitoring system for zooplankton
production, and discussion of Continuous Plankton Recorder (CPR) use in the PICES region.



Although the BASS Task Team did not hold a workshop in 1998, it was occupied with review and
publication of papers from their 1997 symposium. The Task Team is now proposing to identify new
BASS members to assist in the development of a long-term work plan for BASS. They will also be
holding a special workshop just prior to the PICES Eighth Annual Meeting in October 1999, in which
they will develop a conceptual model of how the subarctic gyres work and how they change with regime
shifts. This workshop will provide a basis for future comparative work by the Task Team.

Patricia Livingston
Chairman, Science Board



MODEL TASK TEAM REPORT

The MODEL Task Team is concerned with
advancing the development of
conceptual/theoretical and modeling studies
needed for both regional and basin scale
components of PICES/GLOBEC Climate
Change and Carrying Capacity (CCCC)
Program.

The MODEL workshop in Nemuro, Japan in
1996 was a step toward the goal of promoting
MODEL activities, one of five "Key Research
Activities" defined in the CCCC Implementation
Plan. Lower Trophic Level (LTL) modeling
aims to understand how a change in physical
forcing is translated into a change in the
structure and productivity of lower trophic levels
and subsequently moves through foodweb to
higher trophic levels. To make progress on this
issue, it was recommended at the LTL modeling
discussion in Nemuro to hold a workshop that
focuses on model inter-comparison.

One way to start to deal with diverse process
formulation problem is to reduce the possible
combinations for a particular structure. M. Kishi
gave an example of such effort for NPZD model
(Appendix A). He examined the stability of
different combinations of possible process
formulations. Among the 2,400 combinations, about
half were unstable. He also checked the sensitivity
of the stability to the initial values. Three types of
combinations were found stable.

Unfortunately, several participants were unable to
attend the Fairbanks meeting on short notice so the
workshop scope was reduced accordingly.

Assembling an inventory of nutrient data in the
North Pacific region was also identified as an
immediate action item to advance the CCCC LTL
modeling activities.

I. WORKSHOP ON LOWER TROPHIC LEVEL MODELING
OCTOBER 14, 1998 (Convenor: Sinjae Y00)

Review of JGOES/GLOBEC modeling activities

S. Yoo (KORDI) gave a brief summary of
JGOFS 1995 modeling workshop report
(JGOFS, 1997). The workshop aimed to
produce a systematic comparison of the diverse
JGOFS models, comparing both how they were
formulated and how well they reproduced
observations. Ten models with variable
numbers of compartments (3 - 7) were planned
to be run on four data sets to compare the model
behavior with observations at different locations.
Most of the runs succeeded only with the Station
P data set. Despite significant efforts before and
after the workshop, no conclusions about the
intercomparisons were drawn and there appeared
to be no further advances after the workshop.
Presumably, the 1995 JGOFS model workshop

was too ambitious in addressing the comparison
issue by compounding differences in structure,
formulation, and data sets.

R. Brown gave a summary of the recent JGOFS
synthesis workshop with particular reference to data
management. The goals of CCCC models are
somewhat different from those of JGOFS models in
that not only the material flux but also the structure
of the foodweb is among the target properties.

R.C. Dugdale pointed out that JGOFS models lack
silicate and iron and presented a model that
incorporated these components.



M. Kishi briefly reviewed GLOBEC modeling
activities. A workshop on numerical modeling
was held in 1993, where the model inter-
comparison was not included in the agenda.

Group discussion on model intercomparison

Model inter-comparison was identified as one of
the major technical issues to be resolved. Model
inter-comparison issues arise from two main
sources: different model structure and different
submodel formulation. Different model
structures means that models have different
numbers of state variables and the links between
them. For process models, there could be a
variety of different formulations. For example, a
number of different formulations have been
proposed  for  the  light-photosynthesis
relationship.  When the outputs from two
different models are compared, a portion of the
differences must be due to the differences in
structure or formulation. Therefore, it is of
utmost importance to judge whether the crucial
differences are not due to idiosyncrasies in
model structure or process formulation. When
these two sources of variation are compounded,
the judging would become even more difficult.
Since comparison of the behavior of 12 different
ecosystems is the core of the CCCC, models
should have similar structures as long as they
correctly represent the characteristics of each
system. There may not be a single consensus
model but a small set of models can be
consented upon. The same can be said to

Since then, no subsequent workshops concerning
modeling have been held. Nevertheless, the draft
implementation plan (GLOBEC, 1998) identifies
model inter-comparison as an important issue.

process formulation. Thus a prototype model could
facilitate the development of comparison protocols.

B. Megrey pointed out that well-established methods
of model comparison exist for higher trophic levels,
it seemed that this was not the case for lower trophic
modeling. Model structure and process formulations
might be more diverse for lower trophic level than
those of higher trophic level. For model inter-
comparison to be successful, compounding structural
differences and formulation differences must be
minimized. If the variability of model structure and
formulation could be reduced, systematic
comparisons would be easier.

The CCCC LTL models aim to model the change in
the trophic structure as well as material flux. In the
Nemuro workshop, a model structure with twelve
compartments was recommended to model such
change. For example, diatoms and non-diatoms
should be separated to incorporate changes in
trophodynamic linkages.

A prototype model on which variations can be made
will serve as a base where model inter-comparison
protocols are developed. M. Kashiwai suggested a
follow-on workshop in that direction.



Il. WORKSHOP ON SOURCES OF HIGH QUALITY NUTRIENT DATA
FOR MODELING LOWER TROPHIC LEVELS
OCTOBER 15, 1998 (Convenor: R.C. Dugdale)

The objective was to provide information about nutrient databases suitable for initiating and validating
ecosystem models as part of the LTL Modeling Workshop. The results are summarized in Table 1.

Cruise level summary based on NODC holdings for the region of the open Pacific and adjacent

Bering Sea.

R.M. Brown
Institute of Ocean Sciences, Sidney, Canada

The cruise level data available for the North
Pacific from the U.S. NODC was presented
along with a discussion of quality control
problems that culminated in retraction of a
published article. The U.S. NODC personnel
are eager to receive help on the design of
algorithms to detect bad data. From the data

represented geographically it was clear that a
considerable amount of data known to the
participants of the workshop was not present in the
NODC archives. These considerations demonstrated
the importance of gathering information on the
major programs carried out in the North Pacific and
Bering Sea that measured nutrients.

Ocean Station ‘P’ region

C.S. Wong' and P.J. Harrison
YInstitute of Ocean Sciences, Sidney, Canada
2University of British Columbia, Vancouver, Canada

The extensive time series of nutrients obtained
from 1970 onward at Station P during and after
the weathership occupation will soon become
available as a series of papers are published.
Large variations in nitrate and silicate were
observed and some appeared to be related to El
Niflo conditions. A trend of increasing

Ships of opportunity (SOO) program

C.S. Wong' and Y. Nojiri*
YInstitute of Ocean Sciences, Sidney, Canada

temperatures, decreasing salinities, decreasing
nitrate and increased stability was also evident tha
may be related to increased productivities that have
been observed in recent years. The region of low
nitrate concentration in summer has expanded
westward in recent years and now includes Station
P.

“National Institute for Environmental Studies, Tsukuba, Japan



This data comes from the container ship
Skaugran that crosses between Japan and
Vancouver, B.C ten times each year. To date,
the data comprise 43 crossings since 1995. A
new container ship program has been initiated
between Japan and Australia. The ship tracks
vary depending upon weather and destinations,
but generally move south of the great circle
route in winter. The data show regions of

Bering Sea-PROBES and ISHTAR

T. Whitledge and J.J. Goering
University of Alaska, Fairbanks, U.S.A.

The major programs of the Bering Sea that
contained nutrient data sets were reviewed.
They include PROBES which occupied a cross
shelf line in the southern Bering Sea 55 times in
five years, providing an excellent seasonal view
of nutrient and production processes in that area.
Nutrient budgets are well constrained from
annual measurements and uptake rate
measurements. The strongest data collection
years were 1979, 1980 and 1981. The ISHTAR
program obtained data in the southern Bering
Sea, often on about the same line occupied by
PROBES, but extending also to the North
Bering Sea and the South Chukchi Sea.
ISHTAR data were obtained in 1986, 1987 and

Japanese National Database

T. Saino
Nagoya University, Nagoya, Japan

A thorough review of the available data (See
Table 1) collected by Japanese scientists, some
of which is archived at JODC (Japan Ocean
Data Center) was given.

undetectable nitrate along the west coasts of the U.S.
and Canada with values of 5 mmolem™ just south of
the Aleutians. The data reside at IOS and are on a
migration path to Data Center A of the U.S. NODC.
SOO data were used to obtain temperature/nitrate
regressions and maps of the surface distribution of
nitrate obtained using these regressions and OCTS
satellite temperature and color data were presented.

1988.  Nutrients, chlorophyll and zooplankton
collections were obtained on every station in both
PROBES and ISHTAR programs. The PROBES
data show very rapid spring blooms and reduction in
nutrients but these clear patterns appear to have
changed significantly in recent years. The PROBES,
ISHTAR data sets are particularly useful for
modeling lower trophic levels since they include
ammonium, one of the nutrients needed in a 3
nutrient (nitrate, ammonium and silicate) model.
The PROBES and ISHTAR data sets were migrated
to U.S. NODC. Beginning in 1997 a GLOBEC line
has been established from Resurrection Bay
southward into the Gulf of Alaska. The full nutrient
set including ammonium is being measured.



Bering Sea-NOAA COP (Coastal Ocean Program) Bering Sea ecosystems program.

B.A. Megrey

Alaska Fisheries Science Center, Washington, U.S.A.

The SEBSCC (South East Bering Sea Carrying
Capacity) program of U.S. NOAA (National
Oceanic and Atmospheric Agency) COP
collected nutrient and other data beginning in
1995 from approximately the same location as
the PROBES line providing a post-PROBES
view of the southern Bering Sea. Recently NSF
sponsored studies of fronts have provided local,
high density data. The Bering Sea Ecosystem

Biophysical Metadata Base project was reviewed.
This system does not hold data. It is a catalog with
pointers to locations where the data are available or
held, and gives ways to access the SEBSCC and
FOCI (Bering Sea Fisheries Oceanography
Coordinated Investigations) data. Some nutrient data
is included and the system may be a model for a
smaller project on data sources for modelers, the
objective of the workshop.

Group Discussions on approaches to quality assessment and developing and assembling an

iron database

The nutrient workshop finished with group
discussions that noted the need for reliable iron
data since a strong link between iron, silicate
and diatom productivity is now well established.
However, iron data are extremely sparse and
cannot, at the present time, be included

Workshop References

JGOFS. 1997. Report 23: One-dimensional
Models of Water Column Biogeochemistry.
G.T. Evans, and V.C. Garcon [ed.] 85 p.

GLOBEC. 1998. Draft Implementation Plan.

PICES. 1997. Workshop on Conceptual/
Theoretical Studies and Model
Development. R.I. Perry, S. Yoo, and M.
Terazaki [eds.] PICES Scientific Report No.
7,93p.

explicitly into lower trophic level models. The
workshop also observed a good congruence between
strong modeling programs in some of the 12 CCCC
model regions and the availability of nutrient data
likely to be of high quality.



Table 1 Available nutrient data and sources for the North Pacific.

Data Source Geographical Type of Data Contact
Area
U.S. NODC N. Pacific 26000 profiles since
(World Ocean 1929
Database 1998)
US NODC/10S Station P brownro@pac.dfo-mpo.gc.ca
Line P wongc@pac.dfo-mpo.gc.ca
UBC (University of Station P pharrisn@unixg.ubc.ca
British Columbia) Line P
US NODC/IMCS Bering Sea PROBES Program whitledge@ims.uaf.edu
(Inst. Mar. Sci.) Univ ISHTAR Program goering@ins.alaska.edu
Alaska
Bering Sea Bering Sea Data Index bmegrey@afsc.noaa.gov
Biophysical macklin@pmel.noaa.gov
Metadatabase Project
SEBSCC (SE Bering | Bering Sea 5 cruise/year since napp@afsc.noaa.gov
Sea Carrying Capacity 1995
Program) and FOCI
(Bering Sea Fisheries-
Oceanography
Coordinated
Investigations
NOAA-COP (Coastal | Bering Sea coastalocean@cop.noaa.gov

Ocean Program)

GLOBEC Monitoring
Project

Ressurection Bay
south to Gulf of
Alaska,

4 lines, 20 stas, 1997-
2001, 300
samples/cruise

whitledge@ims.uaf.edu

Skaugran - Ship of N. Pacific 10 cruises/year wongc@pac.dfo-mpo.gc.ca
Opportunity (Japan- 43 crossings since Nojiri

JEA (Japan Env. Vancouver) 1995

Agency)/10S

JODC (Japan Ocean 137 E line (35°N- | From 1964- tsaino@ihas.nagowya-u.ac.jp
Data Center) 0°N) 4 cruise/yr, 5 regions

Japan Meteorol.
Agency, JODC

E line, 165°E

1996-

tsaino(@ihas.nagowya-u.ac.jp

Japan Fish.
Agency/JAFIC (Japan
Fish Info Ctr), JODC

Local fish stations

tsaino@ihas.nagowya-u.ac.jp




Table 1 (continued)

Available nutrient data and sources for the North Pacific.

Data Source Geographical Type of Data Contact

Area
ORI (Ocean Research | 48°N, 165°E 1975 on tsaino@ihas.nagowya-u.ac.jp
Inst.)/UT (U. Texas) Bering Sea 5-6 cruises

Vessel Hakuho Maru

Hokkaido University
Vessels, Oshoro Maru
and Hokusei Maru

NW Pacific, 155
line
180 line, Bering
Sea

1950-- summer
some nutrients

tsaino(@ihas.nagowya-u.ac.jp

Hokkaido National
Fish. Lab.

Vessels, Hokko Maru
and Tankai Maru

Okhotsk Sea
Line A (SE
Hokkaido)

1992-- seasonal

tsaino@ihas.nagowya-u.ac.jp

NOPACCS (North
Pacific Carbon
Cycling Study)/NIRE
(National
Inst.Resources and
Environment)
Vessels-Hakurei Maru
|

E line 175°E
(48°N-10°S)

1991-6,
onboard nutrients

tsaino@ihas.nagowya-u.ac.jp

KNOT(Kyodo North | 44°N, 155°E 1998 tsaino@ihas.nagowya-u.ac.jp

Pacific Ocean Time

Series)

JAMSTEC (Japan NNWP some 1997 tsaino@ihas.nagowya-u.ac.jp

Marine Artcic, include

Sci.Technology Bering Sea

Center), Vessel Mirai

MasFLEX E. China Sea 1994-96 tsaino@ihas.nagowya-u.ac.jp
on CD Rom

NIRE COSMIC 5-10°N, 130, 135 1997-2001 tsaino@ihas.nagowya-u.ac.jp

(Carbon Dioxide 140,155,165,

Ocean Sequestration 175°E

for Mitigation of

Climate Change)

Vessel Hakurei -Maru
]




Task Team Recommendations

The participants agreed that (i) models with too
diverse structures might be difficult to compare,
and (ii) comparison protocols are necessary to
tackle the problem.

Long-term
Development of  prototype
comparison protocols.

models and

Short-term

To achieve advances toward long term
objectives, following activities were
recommended:

APPENDIX A:

1. Develop an executable prototype model with 12
compartments (1996 Nemuro Workshop) on
web by June, 1999 (Dr. Kishi).

2. Apply the model to more than two sites,
including Bering Sea and Sanriku area and
compare with the Bering Sea ecosystem model.

3. Expand MODEL web page to include more
regional circulation models.

4. Add nutrient database directory to the PICES
home page.

5. Facilitate interactions with JGOFS/GLOBEC
modeling activities.

6. Convene a workshop on the development of
prototype model and comparison protocols as
follows (See Appendix B).

STABILITY ANALYSIS OF DIFFERENT PROCESS

FORMULATIONS (MICHIO J. KISHI)

Introduction

During the 6" Annual Meeting in Pusan, our
Task Team discussed the stability of lower
trophic ecosystem models. It was my task to
evaluate the stability of some ecosystem models
before the 7" Annual Meeting. There are many
kinds of lower trophic ecosystem models which
have been applied to open ocean ecosystems. If
we limit them to Pacific ecosystems, still many
models have been applied to the Ocean Station
Papa and HOTS time series data and so on
(Evans and Garcon 1997, Glover et al. 1994,
Kawamiya et al. 1995, 1997, Kawamiya et al.
1999 a, b, Yoshimori et al. 1995).

Here the most simple and common NPZD model
(Fig. A1) is treated. Even for this simple model,
there have been proposed many kinds of
equations which describe the material flows
among compartments. In Figure Al, the
different kinds of equations are shown beside
the arrows, and all equations and their references
are shown in Table Al.

If all equations are combined, there are 2400
combinations (5*3*1*8%*...). So, I calculated

Photosynthesis
light-limiting: Stypes
temperature-limiting: 3tvpes

Decomposition: ll)y \gﬁem-limiliﬂg: Itype
sxerelion: 2lypes

-Pll)-fnplﬂ.llhoﬂ -

monality
\ 2(3)types / .
Zooplankton mortality Grazing:8types

o -

Fig. Al Tested ecosystem model. Kinds of equations
which were referred here are shown beside the
arrows.

the time dependent features of four compartments
with all combinations by fourth order Runge-Kutta
method under the following four conditions. (1)
Using normalized parameters i.e. parameters are
selected such that all processes are <1.0, (2) giving
daily oscillations of light intensity to case (1), (3)
using real parameter values from each referenced
paper, (4) giving daily light oscillation to case (3).
After calculations are carried out for 300 days for



each combination, the stability of the solutions is
examined. Stable refers to a case where there is
no oscillation without a daily oscillation
corresponding to the light change, and unstable
is a case where there is an oscillation in the
solution and/or a divergence.

Results

Percentage of stable cases - In Figures A2-AS,
the percentage of stable cases and unstable cases
are shown. Solutions of almost half of the
combinations of process equations are unstable.
For example, in the table under Figure 2A the
row of A-1 shows that if we use A-1 for light
limitation, there are 6 cases in which the solution
diverges, 255 cases in which the solution shows
unstable oscillations, and 517 cases stable
solutions with all combinations except light
limitation.

Stability to initial conditions of 4 compartments
In order to investigate the stability due to initial
conditions, the initial values were changed to
0.5, 0.8, 1.2, 1.5 times the standard case. The
stable cases are shown in Table A2. We
selected the most stable of these (Fig. A6-AS8)
named Patterns P1, P2a and P2b together with
their equivalent equations. I suggest that these
three stable combinations be used for the NPZD
model.

Acknowledgement

I would like to thank my student, Nobuyuki
Imamura for his help of calculations and
preparation of figures.
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Fig. A2 Percentage of stable and unstable results for Case 1. Value=0 means stable but P=Z=D=0 and
N=NT, and value<>0 means all of NPZD have non-zero stable solutions. See text for
description of the table.
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Fig. A3 Same as in Figure A2, except for Case 2.
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u A1 G 1.25 218| 4542 9a) 1978 161 3354 480
u A 1] 1.25 2341 4875 63 1313 177 3685 480
u A3 480 10000 0 0.00 0 000 o] 000 480
o A—d G 1.25 216] 4500 ga| 2042 160 3333 480
o A-D 343 A6 41 5.54 69 14.38 27 063 480
o B-1 278 5475 2359 2838 102 1275 185 2313 800
o B-2 285 3063 2359 2888 121] 1513 155] 1838 800
u B-3 278 5475 235 2838 102 1275 185 2313 800
u D1 106] 3533 47 1567 48| 1600 95 3300 300
u D-2 98| 3267 39 1300 52 1733 111 3700 300
o D-3 133 4433 121] 40335 33 11.00 13 433 300
o D4 95| 3267 38 1300 92| 1733 111 3700 300
o D=5 1200 4000 144 48.00 S8 1200 0 000 300
o D-6 G0 2000 131 4567 24 8.00 8o 2833 300
u D=7 106] 3533 44 14.67 44| 14.67 1046] 3533 300
u D-8& 120 4000 144 4800 36 1200 o] 000 300
o E-1 458 3525 455] 3752 67 5.58 219 1825 1200
o B2 382 31.83 2541 2147 258 21.50 J06| 2550 1200
o F—1 164 3417 150 31.25 166 54.58 4] 000 480
o - 1659 5438 143 2878 32 6.67 140 2817 480
o F—3 164 3417 91| 1896 38 782 187 438986 480
u —4 183 3813 182 4782 o7 11.88 o8 1208 480
u 5 165 34358 143 2875 32 G.67 140 2817 480
o G-1 418 34582 416 3467 155 1282 20| 17450 1200
L G2 4221 3517 203 2447 170 1417 315] 2625 1200

Fig. A4 Same as in Figure A2, except for Case 3.
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Fa ks

Cased

1167

[l stable O divergent B unstable

o divergent unstable stable total

I rake ) ratel) ratetd)

l total 715] 2875 18] 21.58 1167 4863 2400
l A=l 0 000 108] 2271 aM| 7728 480
l A-Z 0 0.00 146] 3042 J34| 65.98 480
i A-d 480] 100.00 0 0.00 0 0.00 480
l A4 0 0.00 173] 3604 dJ07| 65.96 480
l A-D 235 48.96 90| 1873 155] 32.28 480
i -1 240 30.00 171 21.38 389 4863 800
i B-2 235] 2538 176] 2200 88| 45843 800
l B-3 240] 30.00 171] 21.38 88| 4863 800
l 0-1 4] 2800 42) 1400 174] 5800 300
i D-2 84| 28.00 15 5.00 201 6700 300
i D-3 76| 2533 156] 5200 68) 2267 300
l D4 4] 2800 15 5.00 201 6700 300
l D-3 118] 38.67 18 §.00 163] 94.33 300
i D-6 g6 2200 144| 4800 80) 3000 300
i D=7 83| 2767 104 34.67 113] 3767 300
l D-8 18] 3567 24 8.00 157] 5233 300
l E-1 87| 32.25 01| 2508 a12| 4267 1200
i B2 328| 2733 217 1808 G55| 54.58 1200
i F—1 186] 3875 65| 1354 228] 477 480
l 2 134] 2752 128] 26.67 218] 4542 480
l F-3 132] 2780 43 5.96 303] 63.54 480
i 4 128] 2688 154] 3208 187] 4104 480
i 5 134 2782 128] 26.67 218] 4542 480
l G—1 331 2758 242] 2047 G627 5225 1200
I G2 3gd4] 3200 276] 23.00 940] 4500 1200

Fig. A5 Same as in Figure A2, except for Case 4.
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Temperature-limiting

. bl ) v
I T Tmax-T "0
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decomposition I . L
P A I, Nutrient-limiting
$5 D Vo ——
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P
mortality
P
T
7y fx P
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. R It -f)
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gxE
T
£ f>< I
Pattern F1
Fig. A6 Most stable combination pattern P1.
Photosynthesis
light-limiting Temperature-limiting
I, 1.0
. mea}%tanh(aypmg axbT
I, T, Toax-T 255
P mas X(1 - exp( 2% - )] T (Tm_rs)

Fig. A7 Most stable combination pattern P2a.
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Photosynthesis
light-limiting Temperature-limiting

I 1.0
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Fig. A8 Most stable combination pattern P2b.
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Table Al Parameters and biological equations.

P-l curve
Eg Mo. Symbol Parameter wvalue reference Equation form
A1 W pmax Max. phtosyn. rate 1.38 /day)|Frost{1 593) ' pmasektanhl &L pmasd
o initial splope 37 )
A2 Wornax  |Max phtosyn. rate 1.25 & dand |[Fashamil 995 ' prnat] —exnt LAY prmad
o initial splope 0.28 )
A-3 W pmax Max. phtosyn. rate 20 /day|Evans and Parslow(1 955} W pmianek Gkl sort O prmaseek 240 Q| ke 2)
o initial splope 017 W)
A—d W pma Max. phtosyn. rate W ollenweideri! 9657 ' masek (/|5 (agrttd L/ sk 2 (sgrt( + 8 I/ 1 shor2)
a - 0175
o - 4.3
s Optirmum light intensit 103.7 hv'day
A5 Wornax  |Max phtosyn. rate 20 ey | Steell1 552 ' ekl T gkexp =1/ 5
Is Optirmum light intensit 103.7 v/ day
Temperature
Eg.Mo. syrmbiol Parameter walug reference Equation form
B-1 - - - 1
B-2 a - 0409 |Eppley(1872) kb (oHT)
4] - 1.07
c - 1.0/°C
B-3 Ts Optimum temperature 13 *C|Parkerl1575) (T T e ({T mane T/ (Tmand Tader{Tmax-T=/ Ts)
Trax 20 G
Nutrient Limitation
EqMo. Symbol Parameter walue reference Equation form
-1 K half saturation const. 0.5 mmol/m” 3| Many KNG
Excretion of Zooplankton
Eg.Mo. Symbol Parameter walug reference Equation form
G-1 - - 0.3 Grazing
G-2 o2 Excretion rate 0.1 /day|Fasham{l 835) o2 7 + 0.3%Grazing
Decomposition of Detritus
EqMO. symbol Parameter walue reference Equation form
H-1 loi} Decomposition rate 005 /day|Frosti1 853) d#*D
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Table Al (continued) Parameters and biological equations.

Grazing
Eg.Mo. symbol Parameter walug reference Equation form
D1 Rrmax Max. grazing rate 10 /day|Evans and Parslow(1 955} Rrnak Z#(P—P0)/ F+(P-POY)
f half saturation const. 1.0 mmol/m”3
PO lower limit of grazing 01 mmol/m™3
D-2 Rrmax Max. grazing rate 1.0 /day|Holling1 9657 Rrnak Z#(P "2/ F+P™20)
f half saturation const 1.0 mmal/m”3
Rrriax Max grazing rate 1.0 Aday|Hollingt 9657 Rz Zal £ 4P (Rmaet & #F)
0-3 [ const. 3.0
D-4 Rrmax Max. grazing rate 10 /day|Hollingt1 9657 Rrnaxk Z#( £ kP 23/ (Rmaxt %P 2)
& const. 10
D-5 Rrmax Max. grazing rate 0.8 /day|lvievil 945) Rrnasek Z#(1 —expl— As(P-PO))
A lvlev const. 002 AlmmolNSm”3)
Pt lower limit of grazing 00 mmol/m™3
0§ Rrriax Max grazing rate 1.0 Aday|Parker(1 5752 Rzt Z#P#{T/ T}
Ts Standard temp. 13 %
D-7 Rrmax Max. grazing rate 10 /day|Armstrongt 9947 RraxkZ#P/K. (PLKD
K half saturation const. 20 mmol/m”3 RmanekZ PR
D-8 Rrmax Max. grazing rate 0.5 /day|Dubois and Mayzaud{1 5752 Rrnasek Z#P Akl —expl— Ack(P-pPon
A lvlev const. 002 AlmmolNSm”3)
Pt lower limit of grazing 0.0 mmol/m™3
Death of Phytoplankton
EqMo. kol Parameter walue reference Equation form
E—1 - a 4]
E-2 13 death rate 007 Aday LEP
E-3 L desth rate 007 Aday|Parkeri1 5752 LRPHR(T/Ta)
Ts Standard temp 13 °C
Death of Zooplankton
EqMo symbiol Parameter wvalue reference Equation form
F=1 z Max death rate 04 /day|Frast(1593) k7 (htZ)
h half saturstion cons. 044 mmaol/m”3
F-2 z Desth rate 005 Aday|Wroblewski and Richman® 8870 |gxZ
F-3 g Desth rate 025/ day | J FASHAMO 9957 o
F—4 E Death rate 005 mmol/m”3 Adayv|Steele and Henderson{1 9927 ez 2
F-5 g Deathrate 0.05 /day|Parker1 975) ok ZK(T/ Ta)
Ts Standard temp. 13 °C

Tahble 1 : Parameters and hiological equations
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Table A2 Combinations which are considered to be the most stable.

Fatern Mo. A E o O E F & H
242 2 1,23 1 1 1 2(0) 1 1
298 1 1,23 1 i 1 208 1 1
297 2 1,23 1 2 1 208 1 1
288 1 1,23 1 4 1 2080 1 1
287 2 1,24 1 4 1 2080 1 1
2 361 1 1,24 1 1 2 2080 1 1
2 362 2 1,23 1 1 z 2(8) 1 1
2 364 4 1,23 1 1 z 2(0) 1 1
378 1 1,23 1 i i 208 1 1
377 2 1,23 1 2 i 208 1 1
408 1 1,23 1 4 pl 2080 1 1
407 2 1,24 1 4 2 2080 1 1
4885 1 1,24 1 2 1 J 1 1
497 2 1,23 1 i 1 3 1 1
228 1 1,23 1 4 1 3 1 1
a7 2 1,23 1 4 1 3 1 1
318} 1 1,23 1 1 i 3 1 1
® 615 1 1,23 1 p pl 3 1 1
® 517 2 1,24 1 2 2 J 1 1
® 615 4 1,23 1 i z 3 1 1
FAN T3 1 1,23 1 4 z 3 1 1
FANR T, 2 1,23 1 4 z 3 1 1
S 649 4 1,23 1 4 i 3 1 1
16497 2 1,23 1 2 1 3 2 1
1727 2 1,23 1 4 1 3 i 1
1818 1 1,24 1 2 2 J 2 1
18468 1 1,24 1 4 2 J 2 1
Takle 2 Combinations which are considered to be most stable

(:P1, P25 AP2h
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APPENDIX B. MODEL WORKSHOP 1999:

INTERNATIONAL

WORKSHOP ON PROTOTYPE OF LOWER TROPHIC LEVEL
ECOSYSTEM MODEL FOR COMPARISON OF DIFFERENT MARINE
ECOSYSTEMS IN THE NORTH PACIFIC

Title CCCC Workshop on Lower Trophic Level Modeling
Date January 24 - 27, 2000

Place Nemuro Cultural Center, Nemuro, Hokkaido, Japan
Convenors Michio Kishi, Dan Ware, and Makoto Kashiwai

Steering Committee

S. Yoo, M. Kishi, D. Ware, M. Kashiwai, B. Megrey, D. Dugdale, J. Napp

(to be confirmed or modified based on Workshop program)

Objectives

1. to develop lower trophic level models with
common structure for study areas of CCCC
program, by applying prototype model
developed by M. Kishi;

2. to compare dynamics of lower trophic level
models for study areas of CCCC program;

3. to identify necessary data for validation and
comparative studies;

4. to develop strategy how to apply lower
trophic level model to GCMs; and

5. to develop strategy how to connect lower
trophic level model to higher trophic level
models.

Tentative Schedule

Ist day: Jobs on Objective 1) by modelers of
component programs

2nd day: Jobs on Objective 2) by modelers of
component programs;

3rd day: Presentation on results of Jobs on
Objectives 1), 2) and 3);

4th day: Presentation and discussion of
objectives 4) and 5).

Reports

1. Workshop Report in PICES Scientific
Report Series

2. Scientific papers to be submitted to Fisheries
Oceanography or to another Journal
proposed by Publication Committee.

Invitation list

(to be identified)

1. modelers to work on objectives 1, 2, and 3
from day 1 to day 4

2. scientists to work on objectives 3, 4 and 5
from day 3 to day 4.

Public Lecture

Programs to be decided by Nemuro Supporting
Committee.
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MONITOR TASK TEAM REPORT

The MONITOR Task Team was formed in 1998
and held its first meeting from Oct. 16-17, 1998,
immediately prior to the PICES Seventh Annual
Meeting in Fairbanks, Alaska.

The format of the meeting was a workshop (Co-
convenors: Drs. Yasunori Sakurai and Bruce A.
Taft) on the design of a monitoring system for
PICES. The first day was devoted to presentations
by Task Team members and invited speakers. The
speakers were asked to review present and planned
long-term monitoring programs in the North
Pacific that contribute to the attainment of the
goals of PICES, and to suggest ways to improve
the state of monitoring. The papers would be used
to focus future discussions of how to design a
more effective monitoring system.

I. INTRODUCTION

CCCC Expectations of the Workshop

Patricia Livingston
Alaska Fisheries Science Center, Seattle, U.S.A.

The intent of this first workshop of the MONITOR
Task Team of the PICES/GLOBEC Climate
Change and Carrying Capacity Program (CCCC)
is to review existing monitoring activities of
PICES member nations and to suggest
improvements in the monitoring of the subarctic
Pacific to further understanding of the effects of
climate wvariations on the subarctic marine
ecosystem.

The first day is devoted to a series of lectures on
various aspects of monitoring. On the second day
discussions will be held, both in small break-out
groups and in plenary session, to determine
important gaps in existing monitoring activities

A discussion of issues raised in the papers took
place the on second day and a set of
recommendations was drafted for forwarding to
the CCCC Implementation Panel.

This report summarizes presentations given at the
meeting and the proposed future activities. It is
organized into 4 sections: (I) Introduction, (II)

Components of Monitoring System, (III)
International ~ Planning for Ocean Climate
Monitoring, and av) Task Team
Recommendations. Appendix A contains a plan

for using the Hardy Continuous Plankton Recorder
to monitor zooplankton in the subarctic Pacific.
The scientific proposal “A Continuous Plankton
Recorder Monitoring Program” has been
submitted recently to the North Pacific Marine
Initiative and funded for a period of two years.

and provide suggestions for improvement. A set
of workshop recommendations will be prepared
and forwarded to the CCCC Implementation
Panel.

The following terms of reference for the
MONITOR Task Team were the guiding force in
designing the format of the workshop and should
likewise guide the discussions and types of
recommendations that will be made.

1. Review existing activities of PICES member
nations and to suggest improvements in the
monitoring of the subarctic Pacific to further
the goals of the CCCC Program.
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2. Consult with REX, BASS and MODEL Task
Teams and TCODE on the scientific basis for
designing the PICES monitoring system.
Questions of standardization and
intercalibration of measurements, particularly
in the area of biological collections, should be
addressed.

3. Assist in the development of a coordinated
monitoring program to detect and describe
events, such as El Nifio, that strongly affect
the subarctic Pacific.

4.  Report to CCCC IP/EC on the monitoring in
the subarctic Pacific to be implemented in the
international Global Ocean Observing System
(GOOS) or other related activities.

The overarching goal of the CCCC Program is to
integrate and stimulate national activities on the
effects of climate variations on the marine
ecosystems of the subarctic Pacific through a

Monitoring Planning in PICES

Bruce A. Taft
MONITOR Task Team Co-Chairman, U.S.A.

General aspects of ocean monitoring

A monitoring system is a systematic (regular) set
of measurements collected over a period of time
long enough to encompass several representations
of the phenomena of interest. Because climate
variability typically has long time-scales (for
example N. Pacific regime shifts) the climate time
series need to be long (several decades). Because
the background high-frequency variability is often
of large amplitude, the density of measurements
must be adequate to resolve the time scales of the
significant background variability so that it can be
averaged out. The same considerations apply to
the space scales. Often the background variability
is unknown and must be estimated by initially
over-sampling and then choosing an adequate
sampling scheme. Ultimately the final design

22

coordinated implementation plan and oversight of
the plan. It is thus important to hear from the
national representatives about the status of
monitoring various ecosystem components in their
region and, in particular, the status of monitoring
in national GLOBEC programs. We also hope to
coordinate our activities with other international
efforts such as the Joint Global Ocean Flux Study
Program (JGOFS) and the Global Ocean
Observing System (GOOS), so we have provided
time on the agenda to hear from representatives of
those organizations.

An overview of the CCCC Program and the
present activities of the other Task Teams was
provided. This overview gave workshop
participants and the MONITOR Task Team
representatives a more complete understanding of
the role of monitoring in the science and
implementation plans of the CCCC Program and
also provided guidance on the kinds of activities
that the Task Team could undertake.

must lead to reliable estimation of the climate
signals.

There are two main approaches to designing
monitoring schemes. If data have been collected
and analyzed, there may be an hypothesis that has
been proposed and needs to be tested. In this case
the design is guided by the nature of the
hypothesis. An example of an hypothesis-testing
monitoring scheme, which is highly relevant to
PICES, is found in the proposal of Gargett (1997)
that there is a link between size of the eastern
North Pacific salmon stocks and the strength of the
Aleutian Low. The link proposed by Gargett is
the variation of the hydrostatic stability in the
coastal ocean. The basic monitoring scheme
would involve CTD sections across the coastal
regime at several latitudes over several decades.



The other approach applies in cases where the
ocean variability needs to be described before
hypotheses can be developed. The collection of
basic time-series data will lead to insights into the
structure of the system and the formulation of
hypotheses on the dynamics of the system. The
preliminary monitoring data set will guide the
design of future hypothesis-testing monitoring
schemes.

Previous discussions of monitoring in PICES

a.

PICES-STA  Workshop on  Monitoring
Subarctic Pacific Variability - In October
1994, a two-day workshop on monitoring was
held in conjunction with the PICES Third
Annual Meeting in Nemuro, Japan. The
results (six papers) of the workshop were
published (in 1995) as PICES Scientific
Report No. 3. The papers covered physical
conditions (temperature, salinity, currents, ice
cover) and lower trophic level variability in
the subarctic Pacific. The emphasis was on
the status of knowledge of the region but a few
suggestions were made on the need for
improved monitoring of certain parameters.
The paper by Riser (1995) was particularly
noteworthy because it treated in depth the
statistical principles of design of monitoring
arrays.

PICES Working Group 9 on Subarctic Pacific
Monitoring - Working Group 9 held three

meetings (1995, 1996, 1997). These
discussions led to the recommendation of three
new initiatives and the enhancement of two
existing programs.

New initiatives

Ecological moorings. A high priority is the
determination of response of primary and
secondary production to atmospheric forcing
and physical and chemical water-column
structure in subarctic gyres. Understanding
the relationship between forcing and response
requires well-resolved time series of the
physical, chemical and biological variables.
Neither occasional shipboard (subject to
aliasing) or satellite (infrequent surface data)

measurements provide a sufficient data base to
clarify the relationships. Technological
developments  suggest that ecosystem
moorings can be used to obtain the needed
data set. Many of the required sensors exist
and others are under development that could
be mounted on a moored buoy. As a start
moorings should be deployed near the centers
of the eastern (near Station P) and western
(east of Kamchatka Peninsula) subarctic gyres.

FEast Kamchatka Current transport cable
measurement. The general circulation of the
subarctic Pacific is thought to consist of two
clearly separated cyclonic gyres with the
Alaskan Stream flowing westward south of the
Aleutians. Flow into the Bering Sea occurs
through a series of passages in the Aleutian
Arc. The primary Bering Sea outflow occurs
through the Kamchatka  Strait (East
Kamchatka Current) and is the source of water
in the Oyashio Current.  Variations of
transport of Pacific water into the Bering Sea
can be monitored by measuring East
Kamchatka Current transport flucuations.
Long-term measurements of East Kamchatka
Current transport can be economically
measured by means of an undersea cable laid
across the Kamchatka Strait.

CTD measurements along eastern boundary.
Gargett (1997) has proposed that survival of
young salmon may be related to changes in the
stability (vertical mixing) of eastern subarctic
boundary coastal water. These changes may
be related to atmospheric forcing (movement
and strength of the Aleutian Low). A
coordinated series of long-term CTD sections
should be initiated to measure the stability of
the coastal r