CHAPTER 4
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Decadal to Centennial
Climate Reseah CIRES

Climate varies on all time and space scales. Decadal to centennial (Dec-Cen) césesteh is aimed

at undestanding climatic variability at lorgr than ENSO time scales, arajional to global spatial
scales. Among theseart topics focused on thisea of climate esearch are: long-term ocean-atmo-
spheke intelctions, pocess studies linking climate variability on decadal-to-century time scales to
shorterterm climate variations, including internal \gers external mechanisms, and predictability stud-
ies of climate pdiction at long-ange lead times. The NKA Statgyic Plan identifies the goal of the
NOAA Dec-Cen progim as being able to “pvide science-based advice to policy erakby detecting

and assessing decadal-to-centennial changes in the global environment”

The Climate Dignostics Center contrities to the N@®A Dec-Cen gogram by conducting studies to
understand theale of the oceans in globahange through reseahndnto the ole of the oceans in for

ing atmospheric variability at long time scales. CDC scientistsiauolved in €brts to model atmo-
sphee-ocean integction at Dec-Cen time scales and in theelepment of lage-scale observational
data sets. Both ffrts advance undstanding of critical climate mrcesses and linkas and help to
ensue the quality of the long-term observationatords of climate, such as the Comprehensive Ocean-
Atmosphere Data Set (COADS).

The Climate Dignostics Center alsoveluates climate model-basedefictions of global climate
changes to impove impact-assessmenfaefs regading global climate lsanges, to educe uncertainty
in future climate scenarios (@, through improved ggonal details of futue climates), and to assist in
evaluation of the socioeconomic impacts arisingnfrlong-term climate variability andhange by
helping to define vulnerability and adaptation strategies to future climate.

4.1 Understanding the role of the has been recorded in recent decades. A
ocean in climate variations at decadal- study has been conducted which com-
to-century time scales pares temperature changes in the tropics,
based on instrumental records for the
4.1.1 Climate variation as a function of past 3-4 decades, to the results of a mod-
elevation eling study where the model atmosphere
was forced by the obsess global pat-
Recent studies ke documented wide- tern of sea suace temperature (SST) in
spread retreat of alpine glaciers and melta 19-yr simulation. The analysis focused
ing of tropical ice cap mgms. These on the time eolution of the height of the
obserations are important becausethe freezing-level surface (FLS, the height of
underscore the unusual nature of the gerthe 0 °C isotherm) in the model in com-
eral warming of the climate system that parison with the wolution of this critical

1997 CDC Science Review 59



CHAPTER 4 Decadal to Centennial Climate Resear ch

level in radiosonde measurementsetak because these changes may bgelsir
during a similar time inteald. The anal- and most systematic there.

ysis strongly indicates that the recent

obsened changes in freezingviel 4.1.2 Low fequency kanges in ENSO
heights are related to a long-termand its impact on U.S. precipitation
increase of SST in the tropics and the

resulting enhancement of the tropicalCDC researchers were among the early

hydrologic gcle (seeFig. 4.1). These

contributors to impreing scientific

findings are thus consistent with otherunderstanding of the EIl Nifio/Southern

recent studies of thefetts of lav-fre-

Oscillation  (ENSO)  phenomenon.

gueng changes in tropical SST and thelmportant studies were published on
resulting modulation of the tropical characteristic gional and hemispheric

hydrologic g/cle on lage-scale climatic
variations. Although ¥ydrologic gcle
changes in the tropics are diy to
impact high-eleation lydrologic and
ecological balances avidwide, tropical

scale climatic responses to ENSO. Pio-
neering steps were also &k to
improve our understanding of the long-
term behwior of the ENSO phenome-
non (see Diaz and Kiladis, 1995 for a

ervironments may be particularly sensi-comprehensi review). Studies of pre-
tive to changes in tropical SST andcipitation \ariability on ENSO, decadal
accompawing changes in humidity and longer time scales V& been com-

Average tropical freezing—level
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Fig. 4.1.Anomaly time series of the average height (in meters) of the 0 °C surface (the freezing-level su
FLS) in the tropics (1970-88), deed from two sets of GCM simulations at T21 and T42 spectral resolu
(light solid and dashed cwes, respectisy), and compared with obsations (dark solid cue). The obserd
cunwe is based on a netwk of 65 radiosonde stations in the tropics and on the period 1970-86. Linear tre
4.7 and 6.5 m per year for FLS height in the T21 and T42 simulations, resfyectiay be compared with
linear trend of 4.5 m per year in the observations. Figure taken from Diaz and Graham (1996).
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pleted. These studies focus on the interyr) time scales. Zonal EOFs of the
action among climatic ariations ENSO and decadal filterecensions of
occurring on difierent time scales. 8/ the zonal precipitation series are
continue to eplore the question of remarkably similarAt both time scales,
whether climatic ariability at the two leading EOFs describe a north-
longer time scales is simply a tele-south seesa of precipitation proting
scoped ersion of the ariability on the near 40°N andariations in precipitation
shorter time scales. Another questiomear that piot point, respectely. The
that is being addressed is whetharia- positive phase of the seesaw patterns
tions in the total amount of precipitation (wet south and dry north) is promoted
integrated @er the full spatial domain by ENSO-like atmospheric circulations
of the North American Cordillera repre- and SST patterns. Thevpi-point pat-
sent spatial redistriltion of the precipi- tern has stronger correlations to more
tation, or net increases and decreases iocal Northern Hemisphere circulations.
the total amount. The central latitude and latitudinal
spread of precipitation distutions are
Total precipitation along the west coaststrongly influenced by precipitation
of North America, from 25°N to 55°N,
varies by about 10 mm from one winter . a. Domain Average Precipitation, 25N - 55N
to the net, representing fluctuations of %[
about 10% of the long-term aresea
age Fig. 4.2) Superimposed on this
domain-average variability are consider-g h
able year-to-year fluctuations of precipi-3 * [ B
tation concentrations from north to = s 1900 1520 1340 1960 1980 2000
south that déct the distrilation of pre- b. Central Precipitation Latitude
cipitation ut not the gerall amount. An 4%
important component of precipitation : '
variability in the rgion is characterized
by regional north-south contrasts thatz
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Analysis of 100 years of station precipi- £ ,, C. Latitudinal spread

tation records in western North Americae | . ]

was done in terms of spatial empirical s
orthogonal functions (EOFs) and spatials

(9]

moments (domainvarage, central lati- u

tude, and latitudinal spread) of zonally§ N
averaged precipitation anomalies alonge 1880 1900 1920 1940 1960 1980 2000
th.e WeStemmOSt. pa_rts of North AmerlcaFig. 4.2 Domain aerage precipitation (top grap
(Fig. 4.2) These indices were correlated central precipitation latitude (middle panel), :
with global sea-lesl pressure (SLP) and latitudinal Spreildt,(bogtl%rgopfg&ll)) of western N
: merica precipitation - . Haaecurves ar
sea-surdice temperature (SST) series, OI‘@S_yr mosing aserages. aen from Dettinge

ENSO-band (3-7 yr) and decadal (>7 cayan, Diaz, and Meko (1997).
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variations in the southern parts of west-of the subtropical jet across the North
ern North America and are closely Pacific. Zonal precipitation EOF-1 con-
related to EOF-1 (whereas EOF-2 istributes about 30% ofariability in both
related more to domainvarage). Cen- ENSO and decadal bands, and amounts
tral latitude of precipitation m@s south to a redistrilntion of zonal precipitation
(north) with tropical warming (cooling), with little change in werall amount.
on both ENSO and decadal time scale€OF-2 contrilutes another 20% ofavi-
and also is strongly related toedfern ability, and directly dects the werall
Pacific SLP conditions on decadalamount of precipitation. Thus, north-
scales. The north-south contrasts arsouth precipitationariations in western
characteristic of a broad range of fre-North America constitute a comple
quencies, including (15 y?‘) (5.5 yr)l, mix of redistritution and eerall varia-
and (4.2 yr), with most spectral peaks tion of the amounts of precipitation. On
coherent with the Southern OscillationENSO time scales, the pattern and
Index. amount are anti-correlated, whereas, on
decadal time scales, thedvare lagely
The similarity of EOFs of zonal precipi- independent.
tation across time scales indicates that
the north-south precipitation patterns,Do the north-south precipitation pat-
(i) are frequency-independent like whiteterns reflect changes or re-distrions
noise--that is, thedo not &ll distinctly  of the aoerall amount of precipitation
into one or the other of these broad fre-delivered to the cordillera of western
gueng bands, (ii) share similar climatic North America? W find that, in gen-
driving forces and spatial patterns in theeral, total winter precipitation avies
precipitation field of western North only by about 10% from year to year
America, or (iii) are some combination and that total precipitation has been
of (i) and (ii). Correlation patterns of the remarkably stationary during the last
corresponding ENSO and decadal PCL15 years (and, based on tree-ring pat-
series with global SLP and SST fieldstern correlations, perhaps much longer).
are broadly similarthough thg also Given the strong climatological con-
exhibit some distinct dferences. On trasts in precipitation from the wet
both ENSO and decadal scales, the posnorthern areas to the dry southern areas,
tive phase of the first EOF pattern (weteven the werall distritution of precipi-
south and dry north) is promoted bytation from north to south--as measured
warm SSTs in the tropicala€ific and by central latitude and latitudinal
Indian Oceans. EOF-2 has stronger corspread--hasaried relatrely little from
relations to the Northern Hemisphereyear to year andver the course of the
circulations and is less global than EOFdast 115 years and longdidowever in
1. The ENSO band north-south fdit  particular years, such as 1977 and 1983,
ences (EOF-1) appear to be most sensmuch lager ecursions in amount and
tive to fluctuations in storm trackser  distribution of precipitation hae
southern North America, whereas dec-occurred. Climate conditions during
adal diferences are associated morghese years may priole the best
with the overall circulation setting, and insights into the character of ¢ga-scale
particularly to the strength and positionclimate changes.
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Do the diferent precipitation time
scales reflect diérent processes and “"
teleconnections? EOF analyseswgéd |
that the dominant spatial patterns of pre-=n
cipitation in western North America are
similar almost rgardless of the time
scale considered, from 2-20 years.w»s
Despite these spatial similaritiesyseal
frequengy bands are important across s |
much of the study area and display 0" 30°E 60°E 90°E 120°E 150°E 180° 150°W120°W 90°W 60°W 30°W O
phase dierences from band to band to
form a complg tapestry The complg
phase relations suggest that there may

tions are considered than were usecn
here. The climatic conditions (SLPs and _
SSTs) that force the spatial patterns also ’
shov mary similarities from ENSO to s
decadal time scale&ig. 4.3, although

associated with particular local circula- o 3e sE 90 1208 150° 180" 150W120W S0W 60'W 30W

tion conditions, whereas decadal pat- T T
terns tend to reflect conditions from 10060 40 20 0 20 40 60 100
farther afield. Both ENSO and decadal Corelaions'100

patterns _reflect_tropical awations, 7, 43,o1clelrs (100 betueen ENSO fhe

althOUgh_ _the decadal patterns are a_lmo estern North America (top F[;anel?) and betw

as sensitie to the long-term condition decadal-filtered SST and decadal-scale z

of the Western Bcific jet. Thus, time- Precipitation PCs (lower panel).

scale diferences among the precipita-

tion processes remain elusive. Important

tropical-etratropical connections Regional patterns and zonalexages of

appear to underlie both the ENSO andprecipitation-sensite tree-ring series

decadal patterns,ub with possible dif- are being used to corroborate these pat-

ferences in emphasis from one timeterns and to>dend them into the past

scale to the next. and appear to share much long- and
short-term information with the instru-

The strong similarities in climate condi- mentally based zonal precipitation

tions associated with the ENSO andEOFs and moments. Some corrobora-

decadal precipitation ariations, hw- tion of these precipitation patterns, and

ever allov the possibility that the dec- their etension into the past, ag

adal \ariations are larely obtained using selected precipitation-
accumulations of the ENSO-scaleria- sensitie tree-ring series. Comparisons
tions and processes. of the long- and short-termaviations of
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(limited) zonal aerages of the tree-ring remain intact in the summer seasonal
series with precipitation patterns duringthermocline, and then reappear at the
the same periods indicate much sharedurface when the med layer agin
information. The temporal correlations deepened via entrainment in the fallo
of tree rings to the precipitation princi- ing fall and winter We examined this
pal components (PCs) and spatialre-emegence mechanism” using both
moments yielded moderate correlationssubsurce temperature data and edx
which can be used with yeto-year layer model simulations at &dther Sta-
tree-ring \ariations to capture about tions in the North Atlantic and North
50% of the ariance of the precipitation Pacific Oceans (see Afander and
PCs and moments. The relally close Deser 1995; Abeander and Penland
correspondence between tree-ring varial996). At locations way from strong
tion patterns and lge-scale precipita- currents lead-lag correlations sbexl
tion patterns suggestsvenues for that temperature anomalies beneath the
further extending the history of precipi- mixed layer in summer are associated
tation patterns (and perhaps their cli-with the temperature anomalies in the
matic forcings) into the pre-instrumental mixed layer in the preéous winter/
past. In addition, the present results sugspring and follaving fall/winter kut are
gest that the temporal and spatial strucunrelated or weakly opposed to those in
ture of western North American winter the summer seasonal thermocline.
precipitation has been rehaly stable
for several hundred years. Ocean modeling »periments con-

firmed that entrainment plays an impor-
4.1.3 Ocean-atmosphere interactions tant role in the ocean heatidget by

regulating the mird layer depth in
Over the past three years/eeal studies addition to controlling the heat flux
conducted by CDC scientists M@a through the base of the neid layer A
focused on midlatitude atmosphere-key process in the re-engance mecha-
ocean interaction and interactionsnism is the mean entrainment of the
between the suate and deeper layers inanomalous dference in temperature
the ocean. As the oceamodves much between the ater within and belw the
more slavly than the atmosphere, a bet-mixed layer which strongly influences
ter understanding of these interactionghe surfce layer heatugget in early
may lead to impreed seasonal and fall.
longer forecasts of the climate system.

Recently temperature fields obtained
Namias and BornJ[ Geophys Res75, from the NCEP ocean data assimilation
5952(1970); J. Geophys. Res.79, system hee been used toxamine the
797(1974)] noted a tendency for midlat-extent to which the re-emgence mech-
itude SST anomalies to recur from oneanism occurs \@er the North RBcific
winter to the net without persisting basin. The time series of the leading pat-
through the intemning summerThey tern of \ariability in the summer sea-
hypothesized that temperature anomasonal thermocline (65-85 m during
lies that form wer the relatiely deep August-September) is strongly corre-
ocean mied layer in winter could lated with SSTs wer the central and
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eastern north Pacific during the previous \ J

winter and follaving fall but not during M

the concurrent summer months don- o !

firm these results lead-lag correlations _ -

were computed using temperature& :
anomalies wver a rgion in the central % ° E
North Racific where the re-emgence ° T

signal appeared to be strorigd. 4.4). 75 | :

The correlations suggest that tempera- N == 08
ture anomalies created in late winter

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN

descend into the seasonal thermocline

by Ju|y and return to the sade in the Fig. 4.4.Lead-lag correlations for thegien 146°W:

. 158°W 36°N-44°N computed in reference to
fOHOWIng November. temperature time series at 65-85 m during Aug
September (dashed box). Contour indééris 0.1

The role of midlatitude aigsea interac- Light (dark) shading indicates correlations Ktes:
; . e of 0.65 (0.85).
tion on climate wariability has also been
examined by comparing simulations in
which an atmospheric GCM is coupledanism is an important climate signal
to a mied layer ocean model in the over portions of the North Atlantic and
North Atlantic to a control simulation Pacific oceans. In addition, thermal
where climatological SSTs are specifiedanomalies stored within the upper ocean
in the North Atlantic. The dominant pat- may return to the sua€e and influence
tern of the anomalous air temperaturethe atmospheric circulation in subse-
which is similar in the tw runs, decays quent seasons.
much more sholy in the coupled run.
The enhanced persistence of this patteriiVe hawe also been aetly studying the
is tied to two processes: reduced thermaldecade-long climate shift that da in
damping and the re-engamce of SST late 1976 wer the North Bcific. From
anomalies. There is a reduction in theapproximately 1977 to 1988, particu-
damping of air temperature anomalies inlarly during the wintehalf of the year
the coupled run as the ocean can adjushe atmospheric circulationver the
to the erlying atmosphere which North Racific was characterized by a
reduces the mmtive surhice airsea deeper than normal Aleutian wopres-
feedback. The re-emergence mechanisraure system, accompanied by stronger
which occurs in the northwest Atlantic, than normal westerly winds across the
in agreement with obseations, is the central North Bcific and enhanced
dominant process which enhances theoutherly flov along the west coast of
interannual persistence of SST anomaNorth America. Sea swate tempera-
lies in the model. Furthermore, the SSTtures during this time period were belo
anomalies in the coupled model appeanormal in the central NorthaRific and
to influence atmospheric circulation pat-abowe normal along the California coast
terns downstream over Europe. northward to the Gulf of Alaska. The
climate change alsofatted marine bio-
These obsemntional and modeling stud- logical activity, including phytoplankton
ies suggest that the re-emence mech-
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biomass in the central Nortraélfic and examine these issues using a recently
salmon catch in Alaska. expanded compilation of upper ocean
temperature profiles (see Desédex-
While the atmospheric and sack oce- ander, and Timlin 1996).
anic aspects of the decade-lonacific
climate anomaly are well documented,The \ertical structure of the thermal
little is known about the changes anomalies in the Central Northaéific
beneath the ocean surface. A more comshavs a series of cold pulses,guening
plete description of the obsed \erti- in the &ll of 1976 and continuing until
cal structure of the oceanic thermallate 1988, that appear to originate at the
changes may shed light on the mechasurface and descend with time into the
nisms which produced the climatemain thermoclineKig. 4.5. The inter-
change, as well as prde important decadal climate change, whileident at
verification for ocean modelingkperi- the suréce, is most prominent b&lo
ments. Br example, can one see ther-~150 m where interannual variations are
mal anomalies propate dovnward small. The spatial pattern of the inter-
from the ocean suate? Hw deep do decadal thermal changary with depth
the thermal anomalies penetrate? ArdFig. 4.6. At 100 m, within the winter
they confined to the upper mexl layer mixed layer the thermal anomalies are
or do thg extend into the permanent centered east of ~180°. At 400 m, within
thermocline? Does the ufoshio Cur- the permanent thermocline, the thermal
rent System »xhibit ary changes? ¥ anomalies are wesbard-intensified,
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Fig. 4.6. Temperature difference between (a) 197¢

and 1971-76 at 100 m, (b) 1979-90 and 1972-7
Fig. 4.5.Seasonal temperature anomalies ("C) it 250 m and (c) 1980-91 and 1972-78 at 400
central North Bcific Rejion (44°N-28°N, 178°\  Contour interal is 0.25 °C. Ngative contours arn
46°W) at selected depths. Note that the scale f dashed. Shading denotes SSTfedénces that ar
temperature anomalies is different for each deptt significant at the 95% level.
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indicative of gyre-scale circulation
changes. Indeed, it can be simothat
the intensification and soutland expan-
sion of the westerly windsver the
North Racific during the 1980's reladé

to the 1970's resulted in similar changes
in the eastard transport of the kto-
shio Current Extension, in line with
Sverdrup theory.

depth (m)

(m)

The temperature anomalies for three
consecutie 5-year periods (1977-81,
1982-86 and 1987-91) were chosen to
span the duration of the interdecadal
cooling in the central North&eific. In
the early stage of cooling, the dast
negative temperature anomalies (less
than -0.3 °C) are found in the upper 150

depth

m between ~30°N and 40°NFif). 4.7).

These anomalies nae southvard and
downward oer the ngt 10 years,
becoming detached from the sacé by
the last pentad. It can be shothat the
thermal anomalies foll@ the path of the
mean wind-dwen circulation accord-
ing to the theory of theentilated ther-
mocline, in which ater parcels are

depth (m)

400 +—=
20N

25N JDN BN 45N 50N
Fig. 4.7.Annual temperature anomalies as a func
of depth and latitude for the longitude band 17¢
145°W for (a) 1977-81, (b) 1982-86, and (c) 1987
Negative anomalies are dashed. Anomalies less

0.3 °C are shaded.

adwected by the mean currents alongU.S. multi-ageng cooperatie project

surfaces of constant densifihe fate of
the thermal anomalies yend 1991 is
currently being investigated.

4.2 Ensuring a long-term climate
record

CDC pioneered the gelopment of the
Comprehensi¥ Ocean-Atmosphere
Data Set (CADS) - an international
resource for historical weather observ
tions oer the vorld oceans. Global sur-
face marine data for 1854-1995vha

which began in 1981.

4.2.1 The Comghensive Ocean-
Atmosphere Data Set (COADS)

Ship obserations are our only major
source of long-term climate data for the
global oceans before the &t of auto-
mated platforms such asidys and sat-
ellite measurements. Satellite datavno
provide more complete eerage (spa-
tially and temporally), bt ship and
other in-situ observations remain crucial

been assembled, quality controlled, andas ground-truth baseline information

made widely wailable to the interna-

and to preide a longer historical cli-

tional research community in easily mate perspective. The Climate Diagnos-
used products. This is the result of atics Center and its predecessor units,
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dating to its establishment as a programexchange of climate data. These IPCC
matic unit in the ERL Director's e = recommendations are an igtal part of
in 1981, has been continuously involvedthe COADS improvement and alida-
in the deelopment of this global data tion program. The USGCRP also sets as
set in support of the U.S. and interna-one of its major goals “deloping
tional climate research communities.  worldwide data management and

archving systems and enhancing data
It remains critical for global climate accessibility” which has also been the
research within N®A and throughout long-term goal of the CA&DS project
the world research community that since its inception.
important data sets such as AI05 be
extended asdr back and as completely A wide variety of research has been car-
as possible. These data sets, in combinaied out using CADS, ranging from
tion with detailed metadata (i.e., infor- projects focused on marine climate
mation about the data), will continue totrends and oceanic forcing, to moea-f
be made readily available to support cli-ranging ivestigations like ervironmen-
mate diagnostics and detectiorfoefs, tal correlations with Atlantic salmon
as well as climate change impact studiesatches, sea bird migration patterns, and
and related socioeconomic sustainabilcoral growth rates. The full collection of
ity issues (e.g. the impacts of long-termmarine boundary layeraviables found
sea leel rise and polar ice decay onin COADS often preides a complete
coastal ewronment and population). systematically treated database for
The importance of such historical dataresearch. This has an important aak/
and related metadata is highlighted intage @er discordant collections from
the FY 1995 U.S. Global Changevarious independent sources as con-
Research Program (USGRP) reportfirmed by the &ct that @er 400 copies
“Our Changing Planét,and through of COADS products hee been distrib-
growing interest in international pro- uted worldwide, from NCAR, since the
grams, such as the Global Climatepreliminary COADS Release 1 products
Observing System (GCOS) and itsbecame ailable in 1983. Furthermore,
ocean component the Global OceanCOADS has unrestricted public and pri-
Observing System (GOOS), byvgwn- vate distrilution and thus the data are
ments and researchers throughout theedistributed even more widely.
world.

Sea suidce temperature is a crucial
According to the United Nation's Inter- ocean sudce \ariable. In modeling it
governmental Bnel on Climate Change provides coupling between the ocean
(IPCC), impraring our predictre capa- and atmosphere and for obssrgnal
bilities will require a better understand- studies it is used to monitor ocean sur-
ing of various climate processes, withface conditions for climate anomalies,
oceanic influences of major impor-such as ENSO wvents. The most
tance. Imprgement of Global GCMs is adwanced SST analyses are created by
strongly dependent on high quality his-blending real-time ship obsextions
torical databases, which can bewith satellite A/HRR data. C@DS
improved through better international SST data, incorporating delayed-mode
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data collection and processing, areproject to produce an easily used, con-
being used to enhance theverage and solidated marine arche; NCAR soon
quality of these SST analyses, and thgoined in detailed planning andecu-
improved SST analyses in turn are beingion of this continuing project, which
provided, together with other basic has produced COADS.
COADS obserations, for use in the
National Centers for Basronmental The consolidated TDF-11 data became
Prediction/NCAR Global Atmospheric the main core of data for 1854-1979
Reanalysis Project. used to complete CADS Release 1
(Slutz et al., 1985; wbdruf et al.,
4.2.2 Popject ba&ground and 1987). The TDF-11 data were aug-
accomplishments mented by ship data from anety of
other sources, including data since 1966
The origins of an @anized marine receiwed via the Globaldlecommunica-
weather observing system can be tracetion System (GTS), and additional in-
back to Matthes F. Maury in the mid- situ data (e.g., oceanographic anmyp
1800s when as Superintendent of thalata). In Release 1 processing the indi-
U.S. Depot of Charts and Instrumentsvidual obserations were “trimmed”,
he encouraged seamen to pde and 14 monthly statistics were calcu-
weather obsertions for deelopment lated for 19 obserd and devied \ari-
of a marine climatology to benefitvia ables, using 2° latitude x 2° longitude
gation. This led to an international con-boxes. Timming in CCOADS specifi-
ference in 1853 in Brussels thatcally refers to the process of flagging
produced some uniformity in codes andindividual obserations that xceed
increased international cooperation.upper and laver quality control limits
From these early lginnings the U.S. defined for each 2° box and month, and
and other maritime nations \édoped excluding them from the trimmed 2°
programs to arche and digitize ship monthly summaries.df Release 1, the
obsenations, whose international trimming limits were set at the 3.5 stan-
exchange was much later formalized dard deviation level using three climato-
and standardized under WMO Resoludogical periods (1854-1909; 1910-49;
tion 35. 1950-79).

In 1968, NQ\A's National Climatic Inventories produced by Release 1 and
Data Center (NCDC) consolidated thethe earlier projects strongly indicated
17 different marine data sets that itthe need for additional data \&rage,
maintained in one relakly uniform for example during the \&ld War | and
database designated amp& Data &m- |l periods and the 19th Centurldow-
ily-11 (TDF-11). These data were qual-ever digitization and quality control by
ity controlled and used to produce theNCDC of the surwing U.S. Merchant
revised U.S. Nay Marine Climatic Marine data encompassing theoid
Atlases of the \Wfld. Then in January War periods hee prosen to be epen-
1981, ERL and the Coopenatilnstitute sive and time-consuming tasks. There-
for Research in Bironmental Sci- fore, international cooperation has been
ences (CIRES) planned with NCDC aactively pursued to help fill additional
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gaps in the recordHg. 4.8 Elms et al., between N®@A and the UKMO for
1993). for example, an agreementaw marine dataxxhange, which came into
reached in 1993 between NCDC and theffect on 16 September 1996. The
Chinese National Oceanographic DataCOADS/MDB blend should also fr
Center (CNODC) to digitize Maury's the opportunity for correction of signifi-
Collection of ship dataxtending back cant problems in both data setsorF
to the bginning of the 19th Century example, in “Dutch” (deck 193) data,
(digitization has been completed, andwhich male up 12% of the pre-1970
NCDC receved final shipment in COADS, sea leel pressure w@as not
August 1996). SimilarlyCDC was suc- translated from millimeters to millibars
cessful in making arrangements for theby NCDC because the ogarsion for
Arkeologisk Museum in Stanger, gravity was not included; this fell out-
Norway to start kying 600 19th Cen- side the scope of theark at NCDC in
tury Norwegian logbooks, and approxi- 1968 that lead to creation of TDF-11.
mately 40% of the keyed data have beenother major component of agties
received for evaluation. by CDC and NCDC, wolving exten-
sive  cooperation and computer

A workshop vas held in Ashélle, NC
on 24 July 1995 to delop a stratgy
for implementing a meer between
COADS and the UK Meteorological
Office (UKMO) Main Marine Data

resources from NCAR, has been to
extend and impree CQADS, and its
associated metadata, in phaseslow-
ing CQADS Release 1, “interim”
updates were completed on an annual

Bank (MDB), as well as to discuss thebasis to etend the period of record
historical digitization projects. The con- through 1991, until a full update for
sensus of the arkshop vas to establish 1980-92, Release laas completed in
a continuing bilateral agreement1993 (Woodruf et al.,, 1993). Since

ccccc

eeeee t M
3.5M

Merch
1912—1946;

Arctic lce Islands
1893—1991

UK World War Il Logbooks
1939-1945; M
[Ep

Japanese Kobe Collection
1892-1932; M (1890—1941; 5-6M)
*****************
Gerrman Digitized Data
1887-18390; 30K
[
US Logbook Data

1879—1902
——————————

ook Jad spiodel Jo suoijiy

Norwegian Logbooks
1867-1890; O.5M
7777777777
ussian S.0. Makarov Collection
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Fig. 4.8.Annual global marine reports after duplicate elimination (€ufer COADS Release 1 through 194
continued by Release 1b through 1979, and by Release 1a through 1995. Horizontal lines span the tir
for data that hae been collected and digitized (solid), or are partially digitized or proposed for fubuke
(dashed), with the approximate numbers of reportasshiv millions (M) or thousands (K). Labeled ticks alc
the upper horizontal axis mark the starting years for Releases 1a (1980), and 1b (~1946) and planned f
2 (1854, or earlier). Currenthonly 1M reports from the ¢#be Collection for 1892-1932 are planned
digitization, representing a subset from the 5-6M unkeyed reports (in parentheses).
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then, the Release 1a datadheen peri- Release la data represent a crucial input
odically updated, currently xeending to the NCEP/NCAR Global Atmo-
through 1995. spheric Reanalysis Project. In addition,
we are preiding Reanalysis with
A variety of data additions were madeupdated obseations for earlier periods
for Release 1la, including replacement ofwvithin the planned total scope of
mary GTS ship reports by matching Reanalysis (starting approximately
keyed logbook reportsxehanged under 1948), as part of CADS Release 1b
WMO Resolution 35, because of typi- processing. As of Nember 1996, we
cally higher quality and obseational completed indiidual Release 1b obser-
completeness. GTS measurements fromations for 1950-79; individual observa-
drifting or moored hoys were also tions for the additional period 1948-49
replaced by quality controlled data fromwill be completed at a later date if
Canada's Marine Eironmental Data required by Reanalysis.
Service (MEDS), and from N&A's
Pacific Marine Emironmental Labora- Similarly to Release la, aanety of
tory (PMEL) and its National Data important data additions were made for
Buoy Center (NDBC). In addition, spe- Release 1lbFor example, Russia has
cial fishing fleet data from the Inter provided its Marine Meteorological
American Topical Tuna Commission Data Set of ship data from the former
(IATTC) helped impree corerage in Soviet Union etending back to 1888
data-sparse gtons of the equatorial (1980-90 data were used for Release
Pacific Ocean. la), and drifting Arctic “ice island” data
back to 1950. Suate-leel sea temper-
As shavn by, e.g., Wlter et al. (1989) atures gtracted from oceanographic
and Wblter (1997), the 3.5 standard profiles were added from the \itus et
deviation trimming limits hae proven al. [NOAA Tech. Report NESDIS 81,
overly restrictve for etreme climate NOAA Atlas NESDIS 4, 1994]. \ufld
anomalies such as the 1877-78 ENSO. IDcean Atlas. Another important input
was for this reason that @DS Release for Release 1b as drifting luoy data
1la monthly statistics were produced ingathered by MEDS for the FGGE period
two versions. One eafsion preides (1978-79), because FGGE driftingdy
close compatibility with Release 1 data:data had to be omitted from Release 1
the Release 1a “standard” statistics werelue to poorly documented data prob-
restricted as nearly as possible to shipems.
data, and trimmed using the Release 1
(1950-79) 3.5 standard dation limits. Data errors that were corrected or miti-
In order to maximize aerage and pro- gated as part of Release 1b processing
vide a more accurate representation oincluded addressing significant tempera-
extreme climate anomalies such as theure biases in early GTS datastreams: an
1982-83 ENSO, a second “enhancedapproximately +0.5 °C air temperature
set of statistics included automated platbias in 1966-69 data, and a -0.2 °C bias
form types in addition to ships, which in air, sea sudce, and de& point tem-
was processed using the 1950-79 limitgeratures for 1973-April 1977. Mg
expanded to 4.5 standard deviations. backwards to the start of the Release 1b
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period the data mixture becomegely  Statistics were calculated for the 19 reg-
ship data, bt adwerse trimming décts ular COADS variables plus three addi-
under the 3.5 standard\dation limits tional fields that are new to COADS that
are still of concern, especially in weof make up a separate group file: the cube
new data corrections and data additionsof the wind speed, W as well as the
Therefore, standard and enhanced setonal and meridional contutions to
of 2° monthly statistics, as defined forthe latent heat flux, U(Q Q) and V(Q
Release la processing, were also com-Q). In addition to statistics such as the
pleted for 1950-79 as part of Release 1hl° box mean, standard \dation, and
number of observations, the PACS prod-
In support of N@A's Pan-American ucts include robst measures (the
Climate Studies @®CS) Program, a set median, and 1st and 5thxsiées), and
of global monthly statistics at higher centroids of obseations in time and
spatial resolution (1° latitude x 1° longi- space.
tude) was created for 1960-93Fi.
4.9. Individual obserations from A large collection of electronic docu-
Release 1a through 1993, plus from thenmentation for C@ADS (Releases l1a and
last two decades of Release 1b (1960-1b, and RCS products) is publicly
79) were utilized as input data. An addi-accessible using the Nd Wide Web
tional set of 1° summariesas created (http://www.cdc.noaa.gdcoads/) or
for the equatorial gion from 10.5°N to anorymous ftp. Updates and imme-
10.5°S, with the grid reoriented with ments to the documentation continue, as
respect to the global set so that a 1° bowne part of our preparations for Release
straddles the equator (0.5°N - 0.5°S),2 of CQADS: an update of the entire
since most RCS research awities are period of record 1854 (or earlier) to date
focused on the tropics. planned for completion around the year
2000.
All of the PACS 1° summaries were cal-
culated in standard and enhancext-v Contributed by:H. Diaz, M. Al@ander,
sions, as for Releases la and. 1bC. Deser, and R. Pulwarty.

72 1997 CDC Science Riew



Decadal to Centennial Climate Research CHAPTER 4

COADS 1-deg Feb 1960-93 LTM of SST (enh) COADS 1-deg Feb 1960-93 LTM of SST (std)

|

100¥ B0

COADS 1-deg Aug 1960-93 LTM of SST (enh)

] [ .
20 215 2 24 2 2 25 29 C d 20 25 23 U B W W5 2

Fig. 4.9. Long-term (1960-93) mean sea sué temperature for February and August based oADSOL’
latitude x 1° longitude monthly summaries completed in support o&AN© Pan-American Climate Studie
(PACS) Program. The eight parts of this figure illustrate far months the te spatial domains and the dw
statistics ersions wgailable: (a) Global enhanced (ships plus other platforms; 4.5 sigma trimming, sleoe
for the tropical Atlantic and Easterraéific); (b) Global standard (ships only; 3.5 sigma trimmingwshfor
tropical Atlantic and EasterraBific); (c) Equatorial enhanced (as in (a)t for a 21° latitude strip centered ¢
the Equator); and (d) Equatorial standard (as in (b), for a 21° latitude strip centered on the Equator).
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