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A comparison between WOCE in 1992 and CLIVAR in 2003
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Back to 1928 and IGY, GEOSECS

We can not judge a trend of nutrients concentration

What is a true trend?
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IOC/INF-1260
Paris, 11 May 2009
English only*

INTERGOVERNMENTAL OCEANOGRAPHIC COMMISSION

(of UNESCO)

| INFORMATION DOCUMENT |

A JOINT ICES-IOC

STUDY GROUP ON NUTRIENT STANDARDS (SGONS)

Summary. This document proposes a

joint ICES-IOC study group to develop

international standards for nutrients to

establish comparability and traceability
of nutrient data in the world oceans.
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IPCC ARS Chapter 3 Ocean Observations Subsection 3.7
DRAFT: PLEASE DO NOT CITE
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37 Ocean Biogeochemical Changes, Including Anthropogenic Ocean Acidification
3.7.1 Ocean Carbon

The reservoir of inorganic carbon in the ocean is roughly 60 times um nflh: almosphere. Thus, even
small changes in the may
of CO;. The fraction of dissolved inorganic carbon (DIC) in the ocean dln: o increased atmospheric
CO; concentrations (i.c. the anthropogenic co,, Cp) cannot be measured directly but vanous
techniques exist to infer Cpy from of interior ocean properties. Currenily,

25% of the CO; released ta the atmosphere by burning of fossil fucls and land-use change enters the
acean across the air-sea interface. The global ocean inventory of Cyu (excluding marginal seas) in
2008 s catimated via a Green's function approach fo be 140+ 25 PgC (Khatiwala et31 2009). The
corresponding uplake rate was 23 0.6 PaC yr”, consistent with the 2.2+ 0.6 Pg C yr”* value
estimaled an the basis of atmospheric O/N; measuremens from 1993 to 2003 (Maning & Kedling
2006) and 2.0 + 1 Pg C yr™ from surface water CO; measurements normalized to the year 2000
(Takahashi et al 2009). Recent models indicate thalthe uplake of anthwopogenic CO, emissions by the
ocean has increased from 1.5+ 0.4 Pg Cyr” in the deelde of the 19605 to 23+ 0.4 Pg Cyr'in2008
(Le Quere ct al 2009). Superi this mulli 1 trend jonal and temporal
variations in uptake due to changes in wind, temperature, evaporatiow/precipitation, ocean circulation,
and biological production, which are often related to climate modes such as the ENSO and NAO
(Bates 2007, Feely et al 2006).

3.7.1.1 Long-Term Trends and Varability in the Ocean Uptake of Carbon from
Observations

‘The air-sea flus of CO, is computed from the observed CO, partal pressure difference across the air-
waterinterface (ApCO3), the solubility of CO; in seawaler, and the gas trnsfer velocity (Wanninkhof
¢tal 2009). Significant uncertainties exist in global jional fluxes duc to the limited geographic
and temporal coverage of the ApCO, measurement as well as uncertainties in wind forcing and transfer
velacity parameterizations. The ferms in the flu formulation are frequently related to climate modes
such as ENSO; in the Eastem and Central Equatorial Pacific, increases in 4pCO; between El Nifio and
La Nifia can reach over 100 patm (Feely ct al 2006). However, fluxes are often impacted by shorter-
term forcing variability. Therefore, most regional estimates of decadal trends in fluxes are uncertsin
(2 50%), and no robust global trends in CO, fluxes based on this approach alone have been obtained.
Some quantitalive information on regional trends of surfice ocean FCO; and uptake are available for
selected locations.

Globally, the ApCO; remains unchanged, i.c., on average, surface ocean waters have kept pace with
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Current Status of Homogeneity and Stability of the Reference
Materials for Nutrients in Seawater

Michio Aovaya,*" Hidekazu OTa,*? Munchito KiMura,** Takashi Kitao,** Hitoshi MiTsupa,*

Akihiko MURATA,** and Kenichro Sato*!

*1 Meteorological Research Instinute, 1-1 Nagamine, Tsukuba, Iharaki 305-0052, Japan
*2 The General Environmental Technos Co., Ltd., 1-3-5 Azuchimachi, Cluo, Osaka 541-0052, Japan
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*3 Japan Agency for arine-E¢

and Technology (JAMSTEC), 2-15

Yokosuka 237-0061,

Japan
*4 Marine Works Japan Lid., 2-16-32 5F Kamariyahigashi, Kanazawa, Yokohama 236-0042, Japan

‘The development of Reference Materials for Nutrients in Seawater (RMNS) has been in progress since 1993. When
RMNS were produced for nitrate, silicat, and phosphate, their inital bomogeneities were as low as 0.1 to 0.2% in
samples of high-numient seawater, such as deep water from the Pacific Ocean. The relative stndard uncertanties
associated with intabllty during long-term (4.8 years) storage were approximatly 03, 0.2, ad 0.45% fox pimate, silicate,

aod phosphate, respeciively. No instability was observed for 19 to 64 years based on the ISO Guide 35:2006 crterin

however, the rehtive

ge were lasger thaa the inital

during long.

Bomogendiet ol RMINS. RS prcced by

iable for global
idates o be used for certfied

the open ocean and, as di

reference materials.

(Received December 2, 2011; Accepled July 17, 2012; Published September 10, 2012)

Introduction

Reference Materials for Nutients in Seawater (RMNS) are
produced from nanursl seawater, and since 3003 have been
available 2s standuds to enswwe the comparability and
trcesbility of nutrient difa conceming the open ocean.
Although the importance of RMNS has been well recognized
since the 19903, this importance has Increased because of their
relevance fo studies of climate research and biogeachemical
cyeling in the ocean.

The high reproducibility and precision of nutrient
measurements required by the World Ocean Circulation
Experiment (WOCE) Hydrographic Program (WHP) one-time
survey) has underscored the fact that prior to the 19905 no

nivate was 0.5 umol kg at 345 crossover poials, and the
maximum discrepancy was 1.7 pmol kg¢ At 31 crossover
poiis along the Pacific WHP one-time lines, the required CV
was 19 for nitate; this requirement was fulfilled at only about

Balf of the crossover poiais. Among these crossover polnts the *

maximum observed difference in nitrate concentrations was as
high as 7% of the mean value, even in deep waters where the
poteatial temperature was lower than 16°C.4

“The Tatemational Cowncil for the Exploration of the Sea
(ICES) conducted an intercomparison exercise for putrients in
seawater (NUTS 1/C) in 1989/1990 (NUTS /C4) and 1992/1993
(NUTS IC 5). Autochving, which bas been studied for the
production of RMNS."* was used to scbilize samples for the
Sth intercomparison exercise conducted in 19971993 Aminot
and Kerouel® concluded that mitrate and nitrite in autoclaved

stndards were availible to facilitate the of
Durient concentrations in seawater. The WOCE requirements
were quantified in tems of coefficients of variation (CVs),
sandad devisions exprssed a3 percennges of meass. The
required CVs were 1, 1-3, and 1-3% for nirate, phosphate,
and silicate, respectively.  Although nutrient dati from the
WOCE one-lime survey were of qulity and

seawater

experiment, with u\'enll CVs lower than 0.3 and 08% for

means of 5-30 pmol LY and 0.5 - 5 pmol L, respeclsely.

For phorpt, chiofom he gss consinercused 3 gt

increase of 0.02-0.07 imol LY per year. The main cuse of

nugient variation in m\uln samples vas believed o be
hence, it

of RMNS depended on

Year Lot name Nitrate Phosphate Silicate Reference
% % %
1995 ICES I/C5 0.31 0.3 N.A.  Aminot & Kirkwood?
2001 K 0.3 1.0 0.2 Aoyama et al., 2010
2003 AH 0.44 0.8 0.15 Aoyama et al., 2010
2007 BF 0.11 0.21 0.10 Aoyama et al., 2010%"
2007 BG 0.14 0.17 0.08 Aoyama ef al., 2010
Lot name Conc. Time  ISO Guide 35 Initial Relative standard uncertainty
Stability*  hy ity**  due to long-term stability
pmol kg year % to the time
%
Nitrate
AH 35.54 6.4 yes 044 0.7
AV 33.88 4.8 no NA. 0.2
AX 2145 4.8 yes NA. 0.2
BF 41.41 19 yes 0.11 0.20
Phosphate
AH 213 6.4 yes 0.8 1.0
AV 2.52 4.8 yes NA. 03
AX 1.62 4.8 yes NA. 0.4
BF 281 1.9 yes 0.21 0.38
Silicate
AH 132.6 6.4 yes 0.15 0.6
AV 1544 4.8 yes NA. 0.1
AX 58.21 48 yes NA. 02
BF 150.58 1.9 yes 0.08 0.19
*:“ yes” meansthatc alculated slopes for nitrate, phosphate , and silicate

concentrations did not differ significantly from zero at 95% level of confidence by
the Student’s #-test for n-2 degree freedom.
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IOCCP encourages the use of Certified Reference Material
for nutrients: April 2017

Toste Tanhua, Michio Aoyama, Rik Wanninkhof,

l\/laCIE‘J Telszewskl & Artur Palacz
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THE IOCCP CONVEYOR

I0CCP encourages the use of
Certified Reference Material for
nutrients

Evaluation and Research Instituta (CER() and the
National Metrology Insfitute of Japan {NMLJ) standard
soluticns with staled uncertainties are used. For
silicate values, silicon standard solution produced by
Merck KGaA end siicon standard solution

Thete is a strong requir for ion-based
quantitative assessments of changes in ocean
biogeochemistry, for instance o inform about the rate
of ocean acdification, rate of de-oxygenation, or
storage of anthropogenic carbon. Neither would have
been possible without analytical techniques and

of National Instituta of Standards and
{NIST), each having

araysed,

0 CRM for nutrants »=s,
\ nummﬂﬁ}v

procedures thal follow from greed best
practices, and the use of carfified mfarence materals
(CRMs). Knowledge of changes In ocean productivity
and remineralization processes is essential fo
comrectly interpret observations of other changes.
Howaver, up uniil recantly inconsistency in nutrient

1rd catrbuced by JAUSTEC based on
'nmusw G117, COPONLT.
v ortact 5 retewrts G |
e o Gy
izt ootad mwesere g ae:

Brampi ol s nutiont CRM prodeed by KANSO

measurements between different groups of analysts JAMSTEC  have opened a  website
due to lack of CRMs has largely hampered hiipJiwww jaimnstec.go jpiscor! and a malling list,
quantitative assessments of changes in ocean cm_nutienis@jamstec.gojp. to oifer the CRM
nutrient distabution on large scales. boitles for sale to the global community. The price for
the CRMs through JAMSTEC s sigrificantly reduced

e BRCADAY_the SCOR wockion. nmun. 2147 Towatds_—.... with.a cost. of 6700 JPY. nec hottle. ancroximateh 60
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Label of SCOR-JAMSTEC CRM
20178 (ZJAMSTECH S B 55 BA A

@ CRM for nutrients
7o\l |in seawater prowdedm
NP by SCOR WG147 =

This CRM is produced by KANSO on a commision
basis and distributed by JAMSTEC based on
a framework of SCOR WG147, COMPONUT.

Business contact: CRM_Nutrients@jamstec.go.jp
Scientific issues: Michio Aoyama, r706@ipc.fukushima-u.ac.jp
and Malcolm Woodward, m.woodward@pml.ac.uk
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2000 EM L2019 F  COEFEETTHEEFE

2000 MRIIC 2012 (AX,AZ, BD, BP,BQ)
2001 1996-2001 long term storage experiment (lot ole yellow) NMH CRNilS available S
First announcement "RM of nutrinets could be produced" at 2012 re-visit cruise A22/A20 by SIO (Mr . Sato and Mr. Arii), re-visit
2002 cruise S04], P14S
0SIM2002
re-visit cruise P06, A10, [03/104 SGONS Meeting @SI0
2003 [MRIIC 2003(T,Q,RAH,AB,0) INSS phosphate worlshop @NIOZ
Feasibility test of RM at 5 research vessels of JMA 2013 {20th aniversary symposium
2005 |re-visit cruise P10, P03 T0CCP-JAMSTECIC 201412015 (BU,BV,BY,CA,
2006 |MRIIC 2006 (AX <2, AV, AY, AZ, BA) 2014 [NM1J7601a,7602a,7603a, K orean RM: not anonymous)
it s ¥01 14 = re-visit cruise POLP10N
B e
2007 |Workshop on Chemical Reference Materials in Ocean Science 2015 resllitigie 1l - -
@TSUKUBA and a session at BERM11 SCOR WG#147 COMPNUT 1st meeting at Viena
7 : SCOR-JAMSTEC CRM start to provide
MRI IC 2008(AX, BA,AY, BD x 2, BF,
2008 HELIEE (mi Sllatl 2016 [SCOR WGH147 COMPNUT 2nd meefing at Quingdao and a
r&v,sg: m‘fse P06 bvSIO session at CLIVAR opens cience conference
re-visit cruise M Py . 17E
INSS International Workshop @UNESCO 2017 ;‘::::;;";Z:hlp i
2009 f;é‘g’;;;‘:ﬁ%cc'ﬂf;;ﬂ;ﬂ;‘;;: ’::;‘::v"etds‘““"”"s SCOR WG#147 COMPNUT 3rd meefing at Protland and a
- sesison at OSM2018
s iyt of RNINS beteen 2009 and 2011 by several - ISCOR-JAMSTEC CRVMs o completed for PO nad AD
Pa’;is meeting of the joint IOC/ICES Study Group on Nutrient OCCR-JANSTECICA0NA01H (G, O, CF, OF, 66
Today we have 25th aniversary symposium
E
2010 [S;andﬂn'i: (SGONS.) @HgOSCIC(:ne al == Revised GO-SHIP nutrients mannual for public commnets
eI BT BOreT AR [SCOR WG#147 COMPNUT 4th meeting at 22
Comparability of Nutrients in the world’s ocean published, 2019 Revised GO-SHIP mutrient Ivill be poblished
The GO-SHIP Repeat Hydrography Manual published e - Tuirens LLLLl!
2011 |re-visit cruise P10 HEIEHEFERE
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Marine biogeochemical response to a rapid warming in the
main stream of the Kuroshio in the western North Pacific

MICHIO AOYAMA,* HIROHITO GOTO,
HITOMI KAMIYA,” IKUO KANEKO,
SATOSHI KAWAE,* HIROKL KODAMA,®
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MORIYAMA,® KIYOSHI MURAKAML?
TOSHIYA NAKANO,! FUTOSHI NOZAKI,*
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ABSTRACT

Lapact of climate change on marine biogeochemical
parameters aud ecosystem s ome of the imporant
issues of our cavironurent. Diect evldence of marine
pelagic ecospstem changes Ia found with warming of
seawater and sea-level rise: In the maln 3ream of the
Kuroshio in the East China Sea and the westerm North
Pacific durlog these three decades based on the anl-
gsis of long-term comprehensive hydrogrphic obser-
vatdons. Tn terms of anaval mean, the waaning mte of
suctace alt temperarure and sca surface temperature
canged fran 0.15 10 0.21°C pec deade in and arouad
the main strean of the Kurothio fn the East China
Sea, which excead the global mean warmiog wate of

0128 + 0.026°C per decade during the period from
1956 w 2005 reported in IPCC 2007, One of the
features fn this mpid warming rogion is an iacrease of
number of Perasagiza draco, a cosmopelitn warm-
water zooplankton. Biogeochemical parameters, such
21 wer weight of zooplankion, plant pigment and
nutrients concentration in the upper 200 m have been
decreasing while dissolved oxygen content and sea-
water temperature have been imcreasing in the upper
200 m in the main stream of the Kurashia in the East
China Sea, These observed linear trends of the bio-
yeochemical parameters would Le foresights for tem-
perate oceans in the foture.

Key words: blogeochemical change, climate change,
slobal warming, Kuroshio, North Paclfic

INTRODUCTION

The global average wurface temperature (the average
of nearswface air temperature ovec land and sea
surface temperature) has inereased since 1361 and the
Increase has been 0.74 # 0.18°C during the 2Cth
century, from 1906 to 2005 (Trenkerth ez al., 2007).
The recent Increase over the period from 1981 to
2005 has been 177+ 0.52°C, indicating rapid
warming ovee two decades, in which the increase has
occurred over land rather than [n the acean (Tren-
beth et al., 2007). The glakal warming of the world
ocean is about 0.3°C pec 40 yr. from 1955 w 1998, for
0-3C0 m a5 a global average (Levitus et al., 2000,
20052). Wogeachemical parameters, as well as tem-
pemture and othec physical parmetes, are cne of the
global concems. Nutrdent concentrations, the water
column chlorophyll ¢ (heveafter chl a) and dhe net
community production in the surface mixed Lyers
showed the linear decreasing trends in the Kurashio
area, subtropical area and wopical arca along 137°E
duting these three decades (Watanabe e el., 2005).
Biodiversity and plankton community dynamics are
generally considered to be “statie’; however, the
average concentmtlons of chl. i and the estimated

Hingbankal negone 1 soming in the Kinsheo 207

Figure 1, Scation locutions aleay PN
linex,

U0E  1IS°E
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response to a rapid warming in the main stream of
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FARTLREET P1
Year Line code PI of nutrients instrument RM/CRM - precision %

v o 7 N ~ silicate nitrate phosphate
1985 + Pl .. .. Lyme Talley (S10) ‘mope - <0.5 © <05 ¢ <05
1999 PIW Chizuru Saitoh (JAMSTEC) none  NA  NA  NA
1999 P1C Chizuru Saitoh (JAMSTEC) none NA NA NA
1999 PIE I0Sship B none NA NA NA
2007 P1 M. Aoyama (MRD) - TRAACS 800 RM 0.07 = 0.06 0.10
2014 P1 M. Aoyama (Fukushima Univ.) QuAAtro 2-HR CRM 0.07  0.09 0.08
2021 P1WC? M. Aoyama (JAMSTEC/Univ. of Tsukuba) QuAAtro39 CRM  0.[12* 0.13* 0.12*
*ERROFAEETRYRLUBENERTEGM O
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observation layer remarks for Si RM/CRM station

2020 0-bottom CRM RF-6729 47-01 N 165-01 E 8-22-1213 8-22- 1641 5882M

2019 0-bottom CRM RF-6486 47-00 N 165-01 E 5-24-0904 5-24-1353 5888M

2018 0-bottom CRM RF-6265 47-00 N 165-00 E 6-28-0645 6-28-1112 5863M

2017 0-bottom CRM RF-6049 47-00 N 164-59 E 7-4-2034 7- 5 0107 5867M

2016 0-bottom CRM RF-5776 46-59 N 165-00 E 6- 16 0351 6- 16 0810 5872M

2015 0-bottom CRM RF-5461 47-00 N 165-00 E 6-14-0903 6-14-1339 5869M

2014 0-bottom CRM KS-418147-01 N 164-59 E 5-21-1955 5-22-0016 5872M

2913 0-bottom CRM KS-3874 45-02 N 165-01 E 6-7-1957 6- 8- 0026 5973M

2012 0-bottom RM

2011 0-bottom RM RF-403147-00 N 165-01 E 6-16-2201 6-17-0251 5900M

2010 0-2000 silicate too high RM? KS-2728 47-00 N 165-02 E 8-20-1204 8-20-1407 5910M

2009 0-2000 no silicate KS-2403 46-59 N 165-02 E 6-17-0509 6-17-0703 5887M

2008 0-2000 no silicate KS-2149 47-00 N 165-00 E 6-23-1622 6-23-1757 5872M

2007 0-2000 no silicate RF-293547-00 N 165-01 E 6-12-1828 6-12-2014 5886M

2006 0-2000 ~ no silicate RF-2687 48-00 N 165-01 E 6-15-1946 6-15-2126 5844M - -M -

2005 0-2000 no silicate RF-2440 47-00 N 165-01 E 6-22-2134 6-22 2310 -M - - M-

12004 0-2000 no silicate RF-2182 48-00 N 165-00 E 6-15-0209 6-15-0347 5831M - - M -

2004 0-2000 no silicate RF-2184 46-01 N 164-59 E 6-15-1510 6-15-16515784M 6 7M 5
2003 0-2000 ~ no silicate RF-1926 48-00 N 165-00 E 6-27-2246 6-28-0036 5841M - - M -
2002 0-2000 no silicate RF-1743 47-00 N 165-00 E 7-12- 0341 7—12 0509 5865M 5 15 M‘

2001 0-2000 no silicate RF-1396 47-00 N 165-01 E 7-10-1110 7-10-1253 5874M 4 17M

Raw data plot at 174-180 deg. E 1200 m
from the bottom for nitrate
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Raw data plot at 174-180 deg. E 1200 m
from the bottom for phosphate
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Raw data plot at 174-180 deg. E 1200 m
from the bottom for nitrate vs.
phosphate ratio
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Zm 47 deg. N 165 deg. E TEHT BED
51000mMETEFER LARIZEE/A

PO1_P13_a_p01_crossing stations ( 165.0, 47.0, =150 km)
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71

year 1985 1999 || 2007 2014 2021
silicate
average 15939  151.80 || 15453  157.99  160.63 oLl— j: g gk’ gﬁ:EjJEA
stdev 2.05 2.55 2.18 1.34 113 CV /0 L— ‘ M1ERN O) 2 =4
CV% 1.29 1.68 1.41 085, 070 5 I\ =y Nt
n Et 0 16 26 13 {,@Tﬁ *ﬁd).;ﬁ[')ﬂb#m;
nitrate J:L) [j:J:éL\o
average 3634 3552 | 3592 3606 3620
stdev 0.24 029 0.11 0.09 0.06
CV% 065 (.81 0.31 024 016 . N .
o w6 % o u JEEROT—F TR RARO
phosphate %éL\[ilﬁl—Runtcso)tt
average 255 248 || 252 2.51 2.50 o= =
stdev 003 007 | 001 001 001 $§E o l 'ﬁlé 'I’ﬂ.: 75\ ﬁ{%éh—c LY fd:
CV% 1.26 2.66 935 027 0.26 —
o o |1 2 14 (NCEZRRETHIREL
i : $
N/P ratio CV% 75\%% o
average 1426 1433 || 1427 1435 1449
stdev 0.17 039 0.05 0.03 0.05
CV% 1.19 2.74 032 0.24 0.32
n 18 10 16 26 14
49

Estimated factor (multiply) for 2007 and 2014

Cruise Year Silicate Unc. Nitrate: unc. Phosphate Unc.
MR21-04 2021  1.0000 0.0020 1.0000 0.0020 1.0000  0.0020
MR14-04 2014  1.0002 0.0037 0.9982 0.0048 1.0006 0.0047
MRO7-04 2007 1.02796 0.0045  0.9951 0.0053  0.9945  0.0060

Excellent comparability between 2021 and 2014 results as shown below
and we need to make small correction around 0.5-0.8% onto 2007 results

Cruise Year Silicate Unc.  Nitrate unc. = Phosphate Unc.
MR21-04 2021 1.000 0.002  1.000 0.002 1.000 0.002
MR14-04 2014 1.000 0.004 0.998 0.005 1.001 ~ 0.005
MRO07-04 2007 1.028  (.005 0.995 0.005 0.995 0.006
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Nitrate concnetration / micro mol kg™
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Silicate concnetration / micro mol kg™
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Phosphate concnetration / micro mol kg™
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DO concnetration / micro mol kg™
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Nitrate concnetration / micro mol kg

DO concnetration / micto mol kg™
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Trend xFx&HHE

average . Ratio to trend Redfield:N
parameter Soncenteation Trend Unit of Nitrate -1 Redfield
silicate 2021 287+ 0. .58+ 0. micro mol kg-1 per 10 years 8+ . .3
ilicat 2007 2021 152.87 + 0.50 0.58+ 0.15 i 1 kg-1 10 yes 5.8 19 4.3%
mitrate 2007 2021 3582+ 0.05 010+ 0.02 micro mol kg-1 per 10 years 1 1 16
phospahte 2007 2021 1.58 = 0.04 -0.013 = 0.002 micro mol kg-1 per 10 years -0.13+  0.03 0.06 1
oxygen 2007 2021 1571+ 0.3 =046+ 0.11  micro mol kg-1 per 10 years -4.6 14 -6.6 -106
Temperature 2007 2021 1.582 + 0.041 0.0015+ 0.0077 deg. K per 10 years
salinity 2007 2021 34.689 = 0.0004 -0.0011 = 0.0001 g kg-1 per 10 years
*: ratio between silicate and nitrate concnetrations in this interrested region in 2021
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Thank you for your attention

S

O TR YW O W

61




RKIED b By 7 Apb

1. FH JCSS EYEWE DA

SFAEEE | EFHETEE SRS SRR
W, SF144E6 A 2 BICxiEE WEB IZ
EBNATY w FAHERIC & 0 IREESEE CH
ESHE L,

[BHEEEE 1 3 555 LEOBEIC L D%
TEREYERNT L HRTEEDEN] 12OV THEE
Eh, EREER LAY | ATRRAIEIET X
BN T2 R | BFT7-1T JCSS #ZHEY)
Bl shaZ b E LR,

ERMAEEEAY 1 ATERAEED 1T,
TEBYIRIE O S DB RT3,

33

— R A MU F A FoAdAE
e E Fois

2016 FE KN 2019 FDOEHLIEIZ L Y JCSS T
DOEFERNE L Fe o2 b DT,

Flo, FE UL, BRA BREESETHWD
NHEEREEMELE LT, TORE ZHEY)
RIS 2 L 3RD B, T EERE
AR b =Y TN TF X AEHER DOREHEHS
VEL oo bDTY,
EREEYEOMEE I, o4 LE
FIRNETTN, SHREGIBH IS RiA
HTT,

SEIL. BLF URL 2 TSR 7ZE0,

https://www.meti.go.jp/shingikai/keiryogy
oseishin/keiryo_hyojun/2022_001.html



MREELE D

DVEGERNE ERITE Tl fEAEIE b4 L
o EIOREBIZE Y 22ob ol L 91T
TWE LR, FlaaF 74 VA BRYUEDE
TEROIKLYEHY BB THE BEILTND K
5TY, AgEr BRI 2EICED L S 1Thho
TWBEH, RIZRdEZATT,

BXE WHIRBEILTLE 2D, SHE
92 FEBEITVWEZLET,

AT, 3 A 24 BIZBESHE Lcwmfn
8 FE FIEY AR RER OB 2R L
F L7, #FFICLD, BAIBMNET 72
Mo Te=BOERTITOY B O THEARS %
BROEWIZLEY, BEEOHET, 551,
FILARO THEEERE# L E L, FILRO
TR, VRO RBIRICET 2 AT,

(75 UFTR  HERERE

TDT — & D> AT FAEALD b E KRB
BRIERV N DT LTz, BHHITHV b2 EHANERE
& T DEZEM, EXEWE OBMR2 ED TR b
b, REHEBRNTHEE T L,

BT HRED Z 2OV T, EEEmDEE Tk
BHEHTEE SECWEE IR, &l B
WCEEE L o TR S TIREMR T A DEIR
WZDOWTEEL K TN TR & | RISHBRIE
NET LT,

EEFOTHINCEL 0 E LU THE 92 BERHT
THIENTEE LR, BIEFE, EENLD
CEREWEEE L AL BEWVWELE
TFEF,

(M#H)

T 345-0043
B ERACEATEMAZFET T = EF 1600 FH
— R N B A o E N
EEYE s R AR
Tel. 0480-37-2601  Fax. 0480-37-2521
E-mail shikakume-kazuhiro@ceri.jp




