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Background
• Use knots because original climatology was in knots; US marine winds are 

reported in knots

• The National Weather Service (NWS) has operated a marine meteorological buoy 
(44007) in the approaches to Portland Maine harbor (Fig. 1) since Feb 1982

• Through May 2020 the buoy has provided 292,884 wind speed reports

• NWS compiled a climatology for 44007 from 1982 through 2008 
(https://www.ndbc.noaa.gov/data/climatic/44007.txt) (Fig. 2)

• Wind speeds were “as-is” – as received at NDBC, not adjusted for various 
anemometer heights and different sampling methods

• Worked at National Data Buoy Center for 15 years

• Originally from Maine
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Constructed Homogenous and Extended Climatology
• Bouchard et al., 2021 constructed a homogenous and extended 

(added 12 years) (1982-2020) database that identified a defective 
anemometer from 1982 to 1984. The database was then limited to 
1985-2020 to avoid discontinuities because of changing sampling 
methods & the defective anemometer.

• 1985-1994 wind speeds were adjusted to 5-m reference level (Fig. 3) 
following Hsu et al., 1994 from 13.8-m anemometer height (resulting 
5-m winds were about 11%  less than the 13.8-m speeds).

• Here we present the updated climatology with Period of Record (Fig. 
3 and Table 1), monthly (Figs. 4-9), yearly (Fig2. 10-11), and seasonal 
(Figs. 12-15 and Table 2) statistics and trends.

• Inspired by Gemmrich et al., 2011 where changes in the wave record 
could be attributed to non-geophysical changes
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Fig. 1: 44007 is 12 nautical miles  (22 km) Southeast of Portland Maine
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Buoy occupies transition zone 
between stable land 
measurements and offshore 
remotely sensed measurements



Fig 2: Monthly and Annual Wind 
Speed Climatology

Portland Maine Buoy 44007
1982-2008

https://www.ndbc.noaa.gov/dat
a/climatic/44007.txt
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Trend for new database: +0.37 
kts/decade

Fig. 3:
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Trend for 1982-2008 was -0.09 
kts/decade



Table 1: Comparison of 1982-2008 and 1985-2020 
Wind Speed Climatologies (knots)

Statistic
1982-2008 

Climatology
1985-2020 

Climatology
Difference

Percent 
Difference

Gale Force 
Winds/1000 Reports

0.721 0.509 -0.212 -29.4

Maximum 46.7 43.0 -3.7 -7.9

Mean 10.8 10.6 -0.2 -1.9

Standard Deviation 6.2 6.1 -0.1 -1.6

# Reports 212768 261197 +48429 +22.8



Monthly Aggregated Statistics
• Monthly averages are lower for the New 1985-2020 climatology (Fig. 

4) with the largest decrease (~5%) for May through August (Fig. 5).

• Maximum winds are generally lower except for May and June and 
new records are set for October and November (Fig. 7).

• The percent of data available1 is also lower for the New 1985-2000 
climatology except for November and December (Fig. 8).

• Frequency of occurrence of Gale Force winds is also lower except for 
June and July where both climatologies show zero occurrence (Fig. 9).

1 Percent of data available is (100*Data Available)/ Data Expected. Data Available are the data that are distributed to the 
public in real-time. Data expected is one report per hour. The difference is data not received or not passing quality 
control.
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Fig. 4:
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New monthly records 
set for the fall occur 
in the extended 
period 2009-2020

Fig. 7:
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Fig. 9: 
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Fig. 8:
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Yearly Aggregate Statistics
• The New 1985-2020 climatology shows lower wind speeds in the 1985-1994 

period when anemometer heights were reduced to 5 m (Fig. 10).

• The anomalous high yearly wind speeds for 2013 and 2015 (Fig. 10) are due to 
the absence of the lower speed Spring and Summer 2013 and Summer 2015 
(Table 2) that also contribute to the two years of lowest data availability (Fig. 12).

• Yearly maxima (Fig. 11) also reflect the lowered wind height in the early years, 
but show an increasing trend during the later (2013-2019) years.
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Fig: 10:
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Averaged over the Calendar Year
Missing Spring & 
Summer

Missing 
Summer



Fig. 12:
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Fig. 11: 
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Seasonal Aggregate Statistics
• The NWS 1982-2008 climatology does not provide aggregate statistics, only 

probability density functions by wind speed ranges.

• Seasons are: Spring: Mar-May; Summer: Jun-Aug; Autumn: Sep-Dec; and, 
Winter: Dec-Feb. The span is Spring 1985 through Autumn 2019, as there 
are no Feb 2020 data.

• Winter has the highest mean winds (Fig. 13).

• Spring, Summer, and Autumn show increasing trends (Fig. 14).

• Summer shows a decreasing trend possibly due to:
• Low data availability in the latter higher wind speed regime (2013, Table 2 and Figure 

12)
• Fewer tropical/extratropical systems after 2008 (Fig. 16).

• Seasonal maximum winds show increasing trend (Fig. 15).
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Fig. 13:
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Fig. 14:

05 Oct 2023
3rd INTERNATIONAL WORKSHOP ON WAVES, STORM SURGES 

AND COASTAL HAZARDS 
19



Seasonal Statistics (Knots) Spring 1985 through Autumn 2019
Statistic Spring Summer Autumn Winter

# of Seasons 331 342 35 333

Span of Hours 77280 77280 76440 71472

# of Reports 62647 65007 67072 64348

Data Availability % 81.1 84.1 85.0 90.0

Mean 10.4 7.6 11.0 13.3

Standard Deviation 5.9 4.2 6.0 6.6

Maximum 41.7 37.6 43.0 40.0

# Gale Force Wind Reports 17 2 38 76

# Gale Force Winds/1000 
Reports

0.272 0.031 0.558 1.18

Trend (Knots per decade) +0.36 -0.094 +0.58 +0.49

1 No reports 2013 and 2015
2 No reports 2013
3 Missing 1984-85 and 2019-2020, outside of PoR

Table 2:
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Fig.16: TS or > Passing within 65 nautical miles of 44007
Source: Historical Hurricane Tracks, 2020

ET ANDREA June 2013
ET HANNA Sep 2008
ET BARRY June 2007
TS HERMINE Aug 2004 
ET CINDY July 2000
TS/ET FLOYD  Sep 1999
TS BERTHA  July 1996
Hurricane/TS BOB  Aug 1991
ET CHRIS Aug 1988
Hurricane/ET Gloria Sep 1985
Distribution:
7 Summer
3 Fall
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9 in the 1985-2008 climatology, but only Andrea in extended record 2012-2020



Conclusions and Summary

• The New 1985-2020 climatology show generally lower wind speeds 
due to the reduction in reference heights in the early period (1984-
1994) than the original 1982-2008 climatology.

• The general tend is for increasing means and maximum winds

• The exception is Summer, which shows a decreasing trend, possibly 
due to the lower data availability during the higher wind speed 
regime and fewer tropical/extratropical systems passing close to 
44007.

• Counts Count! Data availability skews some of the yearly, seasonal, 
and monthly averages because of the absence of data in the lower 
wind speed Spring and Summer seasons
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Fig. 15:
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Seasonal Statistics (Knots) Spring 1985 through Autumn 2019
Statistic Spring Summer Autumn Winter

# of Seasons 331 342 35 333

Span of Hours 77280 77280 76440 71472

# of Reports 62647 65007 67072 64348

Data Availability % 81.1 84.1 85.0 90.0

Mean 10.4 7.6 11.0 13.3

Standard Deviation 5.9 4.2 6.0 6.6

Maximum 41.7 37.6 43.0 40.0

# Gale Force Wind Reports 17 2 38 76

# Gale Force Winds/1000 
Reports

0.272 0.031 0.558 1.18

Trend (Knots per decade) +0.36 -0.094 +0.58 +0.49

1 No reports 2013 and 2015
2 No reports 2013
3 Missing 1984-85 and 2019-2020, outside of PoR

Table 2:
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Fig. 5:
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Table 1: Comparison of 1982-2008 and 1985-2020 
Wind Speed Climatologies (knots)

Statistic
1982-2008 

Climatology
1985-2020 

Climatology
Difference

Percent 
Difference

Gale Force Winds/1000 
Reports

0.721 0.509 -0.212 -29.4

Maximum 46.7 43.0 -3.7 -7.9

75th Percentile 14.8 14.4 -0.4 -2.7

Mean 10.8 10.6 -0.2 -1.9

50th Percentile 9.9 9.7 -0.2 -2.0

25th Percentile 6.0 5.8 -0.2 -3.3

Standard Deviation 6.2 6.1 -0.1 -1.6

# Reports 212768 261197 +48429 +22.8



Fig. 6:
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Wind Adjustments
• Anemometer Height Adjustment: Power-Law Wind Profile, Near-Neutral 

Stability (Hsu et al., 1994):

ln
𝑈5

𝑈𝑧
= 0.11 ∗ ln

5

𝑈𝑧

0.11* 
𝑈5

𝑈10
 = 92.7% Apply to winds Feb 1982 to 31 Jan 1985 2300 UTC

𝑈5

𝑈13.8
 = 89.4% Apply to winds from 01 Feb 1985 0000 UTC through 09 May 1994 1250 

UTC

• Vector to Scalar Averaging adjustment (Gillhousen, 1987):
• Vector 7% lower than scalar when greater than 8 m/s
• <= 15.6 kts (8 m/s), no adjustment
• > 15.6 kts (8 m/s), boost vector averaging by 1.075
• Apply to winds from Feb 1982 through June 1984
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