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Fig. 1. Time-series of wind speed anomaly in the global (60S—60N: &), North Pacific (20N-60N, 120E-90W:
O) and North Atlantic (20N-60N, 80W-0E: 03) Oceans from 1900 to 2002. The anomaly is calculated for
each 2x2 degree grid for each month by subtracting the climatology from the individual monthly mean,

grid-averaged wind speed, and then the anomalies are averaged for each area of analysis for each year. The

climatology is the average wind speed for the period from 1950 to 1979.
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Table 1.  Apparent wind speed trend estimated from marine meteorological reports in the present and pre-
vious studies.

Reference Area Linear trend Period
(x1072 m st yt)
Ramage (1987) Global -3.8 1800-1920
(60N-60S) +3.3 1945-1979
Cardone et al. (1990) The South China Sea  slightly decreasing trend  1900-1940
shipping lane +1.6 1955-1984
+0.5 (@)
Lindau (1995b) (#)  North Atlantic —1.03 1890-1945
(20N-60N) +1.48 1946-1990
Gulev (1999) Northwest Atlantic +6.3 1970-1990
(40-46N, 38-46W)
Iwasaka (2000) North Pacific Average wind speed during 1890-1949
is 70-80% as large as that during 1950-1990
Kutsuwada (2000) North Pacific +3.3 1961-1990
Present study North Pacific -5.3 1900-1920
(20N-60N, 120E-90W) +3.2 1950-2002
North Atlantic -3.1 1900-1920
(20N-60N, 80W-0E) +2.6 1950-2002
Global oceans —4.4 1900-1920
(60S-60N) +2.8 1950-2002
North Pacific +4.1 (%) 1973-1998
(20N-60N, 120E-90W) +3.6 (**)
+2.4 (¥*¥)
North Atlantic +3.2 (%)
(20N-60N, 80W-0E) +3.0 (**)
+1.6 (**¥)

@: both anemometer height adjustment and correction of estimated wind speed were applied
#: based only on Beaufort estimates
*: based on COADS monthly summary statistics

**: estimated based on the reports from the ships registered in the WMOQ’s International List of
Selected, Supplementary and Auxiliary Ships

**%: the same as (**) but anemometer height adjustment was applied
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MBIz X B EEEREANZ OV T 147

ft147, Cardone et al. (1990) I, 1940 SRR DEE
731950 FERLEICHE_RTEREORFEL T TERE L
T, 1946 FELARNTIX &R SIPERITHIG T 2 1B ERED
SR SEEE L STV RV Y, BIRERE EOERIZ
DONTOFE—HREER R DT L EBT TV D,

2.2.2. REEIZEABAIZDONT

B A& AV O ERZBRIT S M, gl
5 X9 ICERIERKEBEMNT 525, MMERERD
FUEREHT@AE A AV v A MOEHRMIAICRESND T2
Bz, WBE»HREE TOR SR KA LT 5 &
LHICEL RDEAICH D, WMO DFESHTIE, LR
WG E 10 m TOEE SN TV (FlZE, J&T,
1985) DT, ZD X S REEFTOR S DEVITEEEIC
ELWAALTRELELTIEREZLND, EEE, 4l
%1% Kent and Taylor (1997), Kutsuwada (2000), &
R (2003) 72 X EARMICAEFHRESEDO L OTHR
ELEREL-TEY, 1980 FALEOMMBRANIZ OV
TREE R EEEERN 25 m TR 10% 018 KeHi, &
BZW0IF 10ms  ONA T RABRELRD L ZTRL
TW5, Zhy, B e LIRS 2L
2, BEEAEROEERDO—2LsTVHI LR
FTHREND,

IR REEHEEOCEBEZ AR LTDON Fig. 2 TH D,
ZE WMO 288k U 721 RSB RIEHAMAD A &
F—4& 774 (WMO47: the International List of
Selected, Supplementary and Auxiliary Ships) (ZFC#
An-EREGREREOENL D LOLAEFRER
EOETHERRYITH S, BTSN rAZT =4
T A M, 1973 EN DS 1998 FD 3 E TH, WMO O
¥4 b (http://www.wmo.ch/web/www /ois/
pub47/pub47-home.htm) PO AFAETHLDT, T
DI % S RITTH AT, B EMAN O HAEYEIT,
1973 F T 184 m - 7=b DM, 1998 FiTi 25.9 m IZ
oTWB, £, BREMETTEHLELES, R
U< 29.1 m»5H 1989 FiTiL 374 m & 2o T2h, D
#% 1998 121X 32.6 m 272> T\ %,

AIEHERESE L COADS OfEiR|7—4% 77 A /ViZ
Ik SN TV BB CEARMN TS L Ha, s

WRD e, ALRFEETIZIIFET 241l m 272D,
1998 4EIZ1E 32.6 m (200, L KEEHETIX 215 m -
O 33.9 m BEICHEML TS, RIBFETOEL
1x, AEKRTEEOE(L LT EA LRI CHERIZR T, D
% ¢i%, Kutsuwada (1994, 2000) X, AH#FZED B A
EMOEMTHE L I1ZIER U Th 5, Kent and Taylor
(1997) DRIED VY & AR OBEE TOEARN 715y
BO BT, ERFEEIC OV THEARTZEL D m»
H5m@EmHTHLN, KEETIIHEIZE mA2AL1miE
EEK»DfEE R LT 5% (Table 2),

REHRESELMET S 2L T, BREEREDHE
MR EDLIELDEPERSFERE Fig 3LV
Fig. 41277, ZHUZ 1973 b 1998 FEOHIM 2 x5
12, WMOAT DA ZF—4 77 A MIEi# &z, Bk
HERBREDD D> TV DRI EHRET T %2 COADS
DEBIF—4 77 A A bHEEHL, Liu et al. (1979)
DFETHISLRABIZST 518E L 10 m TORREIZZR
ALI)EEMELITRTF/ERETHSH, RAEN Fig. 1
DEE L FRITROIZ,

JEARFERELALREEL BT, BEMEOHRITIALS
THY, AARFEETIHREDENFE T 73.7x1072 m
sl b KTEETIZ63.2x1072 m s~ FnEE DL
TWB, £/, ZOHRTOFEL OEFEIMER S, b
KEETIZ3.6x10 2 ms Ly 1 5 24x107 2 ms™!
yl~d, EHICERBEETIZ3.0x10 2 ms™ !y~ ! A
5 16x102ms ty ! ~EEH LTS, BEME
#%, AEKFEETIHEMIIEE ORRE TIIEEF TH 523,
1988 4ELL[& 1997 ¥ TIZ—BH DO BIS % bk & BUEZE
I EEEORRE THY, HERLMIRD
BV, i, AL KTERET b BRI AT S 2558
HHDR, 1982 FEEH b RER ATV 20 LE
FoORBVERERLTWD, 2L, ERFEEIZHLAS
T 1980 FEALLLED E 2 EEIDIRIE ALK E VN, i
EROBAFERLE ORBEHERT, BEITL T L B LT
72\, Kutsuwada (2000) OFER & KT 5 &, FURE
B ROED, BEOBEORD L b —8T D,

5% Y Fig. 1 ZZIRA5N5 1940 FARLIRED B
ORAMERIY, R EHEOE TH L BEE RN
ICHEARIBETH D I LR M B, Ll BIERDHEID
b, TEETFOREEMERNROND Z LIiX, fiDOE



148 AR BN - 85K HIR - /B S

40
=
= 5 B—B—t—
35 | = g
A—8—5 == A A .:./'—‘ - “T"“
B =
30 - B &1 A—A AT K

15 f

10

L i . n L . L L Il L i

0 I tl A L L A I 1 " L . L
1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997

Fig. 2. Historical change in average anemometer height of voluntary observing ships registered in the WMQ’s
International List of Selected, Supplementary and Auxiliary Ships (WMOA47). Open squares ( ) indicate
the average anemometer height for the Japanese ships and open diamonds () for all ships. Open triangles
(4), crosses (), and asterisks (*) indicate weighted means of anemometer height in the North Pacific, the
North Atlantic and the global oceans, respectively. The weight is the frequency of the wind reports from
the ship.

Table 2.  Historical change in average anemometer height used by voluntary observing ships.

Reference Average anemometer height (m) remarks
Kutsuwada (1994) 37.4 (1989) North Pacific (*)
Kutsuwada (2000) 27 (1970) > 37.5 (1990) North Pacific
Kent and Taylor (1997) 28.7 (1980) > 35.2 (1990) North Pacific
18.4 (1980) > 24.2 (1990) North Atlantic
Present study 18.4 (1973) > 25.9 (1998) Simple average for all ships
registered in WMO
29.1 (1973) > 37.4 (1989) Japanese ships registered in WMO
> 32.6 (1998)
24.1 (1973) > 32.6 (1998) North Pacific
21.5 (1973) > 33.9 (1998) North Atlantic
21.5 (1973) > 32.6 (1998) Global oceans

(*): based on the ship report archived in Japan Meteorological Agency
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Fig. 3. Wind speed anomalies in the North Pacific Ocean with and without anemometer height adjustment.

The wind speed anomalies were calculated based only on the wind reports from the voluntary observing
ships registered in WMO. Liu et al. (1979)’s formula was used in the height correction. Estimation errors
for each yearly mean, and area-averaged values are indicated by error bars.

Rz L AIMEmMOFREDRFTT~ETHLI L%
RLTWS, 72, WMO BEMALII O REF R E S
ERENHERNZ &, A¥T —FDFFELR 1960
FERECOBEIZOVWTIE, BREHRERENTHAT
HHZ L, ERBAIOHEORMER LIIFEEA TV,
INBIZOWTIEHBIOE TR LT,

2.2.3. Yo FYLIHEE

STk 7 K 54T, WLARERR & PARERRR CIIARAAT
TEAFE LWRBEEITEVRS D Z EBERENT
WB, FNLS DY T S OREE LT, RCHE
BT ERBE L RBBENRELTVWAZE, TLT,
FOHENRER L L BITBTEZLRBETOoND,

Fig. 5 7*5 Fig. 8 12, COADS @ 1940 75 2002
EFETOREBIT —F 7 7 A MTEDIO TR T B
B & RIS BRILL R Z =T,

Fig. 5726575 £ 912, 2L UTTRRSERAED
HAEHUT 1940 LI 1980 AR E T IMER T
HBHMN, FORBEITHIZR->TW5, LHL, COADS
OFT, BAITT v T A—LBT A, BRI, BEED
WETS v M 74— 5 (BEIEHZ L), hEOBRIFT
NG DA EROTERT D L, 1980 FAEIIL
TSSO L TER Y, 2002 21T 1950 D%
ICETHEDRATNS, £, BEEITITERERRE
EBRRO LN D,

BB Rl O£ RN B EEOE (Fig. 6) 24
THhD &, 2TOREBEITIX 1980 FEIT 5 90 £
MF Iz NS T T0% BRI THR L, £ORIZEVHIRH
HERATRDH DD 80%E 5 2002 FFi2iE 90%IZ b
ELTWS, &40, BIROSET RV
FREENLDRELEZEZOND BORETEETHT &,
HeERIE 10 R4 v FRREERL B, MEERBICR S, L
KR AR A U CRIZBRAI DL REE <,



150 AR EAN -8R HiF - /NME £

1.6 - - . , . . . . . . ; , .
1.4+ :
1.2+ uncorrected i
1.0 .
0.8} .
0.6 .
04r 1

corrected
0.2+ .

0.0
-0.2+ _

| R
1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997
Fig. 4. The same as Fig. 3, except for the North Atlantic Ocean.
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Fig. 5. Historical change in number of wind observations from 1940 to 2002. Shown are the number of
instrumentally observed wind reports on all platforms ( [J ) and only on voluntary observing ships (A), and
the number of visual observations on all platforms ( W) and those only on voluntary observing ships (A).
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Fig. 6. Historical changes in the ratio of instrumentally observed wind reports to all wind reports for all
platforms (O ) and for voluntary observing ships (4).
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Fig. 7. The same as Fig. 5, except for those from voluntary observing ships in the North Pacific ( @,QO ),
the North Atlantic ( @, 0 )and the Indian Oceans( A, A ). Solid symbols (@, W, A ) indicate the number
of instrumental observations and open symbols ( O, {J, A ) show numbers of visual observations.
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Fig. 8. The same as Fig. 6, except for voluntary observing ships in the North Pacific (O), the North Atlantic

(O) and the Indian (A) Oceans.
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Fig. 9. Wind speed anomaly from 1964 to 2002 for the North Pacific (O) and the North Atlantic (O) (a),
estimated bias error in average wind speed for the North Pacific (O) and the North Atlantic ( O ) basins
(b), and difference between the wind speed anomalies shown in Fig. 9a (*) and that between the bias errors
shown in Fig. 9b (+) (c). The bias errors for visual and instrumental observation are given by Iwasaka
(2003). The bias error for each basin was calculated as the weighting average of the bias for each observation
method. The ratio of number of visual and instrumental observations for each month of the year was used

as the weight for averaging.
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Fig. 10. Comparison of Beaufort equivalents proposed by previous studies; the WMO1100 wind scale (WMO,
1970: ¢), WMO CMM-1V (WMO, 1970: 0), da Silva et al. (1995a) (A) , Lindau (1995a) (x), Isemer (1992)
(*), Kaufeld (1981) () and Cardone (1969). The Beaufort equivalents shown in the figure give the wind
speed at 10 m above the sea level for each wind force. Since some researchers have shown the wind speed
at the reference height higher than 10 m in their original articles, we reduced them to the 10-m height,
following the manner of Isemer and Hasse (1991) for comparison.
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Table 3.
by previous studies.

AR EA - 8K G - MG 5

Overall errors in wind speed and direction reported from voluntary observing ships, as evaluated

Reference Wind speed error (m s™1) Wind direction error
Bias error Random error Bias error Random error
Wilkerson and Earle (1990) +1.0~+-2.0 3.6~4.1 +7° 45°
Pierson (1990) +1.0 2.6 - -
Rahmstorf (1989) ~+30% - - -
Gulev (1999) Underestimated - - -
in middle to high
wind speed range
Kent et al. (1999) - 1.340.4~2.8+0.3 — —
Iwasaka (2003) 1.02 2.9 0.48° 45°

Fig. 11.

30 40 90

Distribution of the bias error of surface heat flux due to artificial bias error of 1 m s~! in the wind

speed. The heat flux, i.e., sum of latent and sensible heat fluxes, was estimated for January 1995 based on
COADS individual reports by using Kondo (1975)’s bulk coefficients. The bias error of the heat flux is the
difference between the heat fluxes estimated with and without the artificial wind speed bias of 1 m s™1.
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1985; Oberhuber, 1988; Iwasaka and Hanawa, 1990 72
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A Review of Ship Observations on Surface Wind
Naoto Iwasaka f, Sadaharu Suzuki 7, and Fumiaki Kobashi f

Abstract

We have reviewed the studies on long-term changes in sea surface wind
speed, in which the apparent trends are believed to be reflections of sampling
effects and historical changes in anemometer height. We applied anemometer
height adjustment on individual wind reports in COADS and confirmed that
the major part of the apparent increasing trend in wind speed after 1945 was
caused by the increase in average anemometer height.

We also reviewed several problems inherent in instrumental and visual wind
observations and summarized the evaluated errors in wind speed observations;
the bias and random errors are estimated at about 1~2 m s~ and 2~4 m s™,
respectively. The effects of the bias error of the wind speed on the surface heat
flux estimation is shown as an example of the impact of the bias error of the
wind speed on climate research.

We have also discussed the possibility of natural climate changes being
connected with the apparent changes in wind speed.

Key words: ship measurements of wind, anemometer height, wind speed trends,
Beaufort scale
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