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i. Introduction

The European Remote Sensing satellite (ERS-1) was Llaunched in July 1991
and from the following month data have been received at Bracknell. The data
include surface wind speeds and directions derived from the scatterometer
radar, wind speeds and significant wave heights from the radar altimeter and
sea surface temperatures from the Along Track Scanning Radiometer (ATSR). This
Note presents statistics of the surface wind speeds and directions from the
scatterometer radar.

The scatterometer radar is a three beamed instrument. Microwave radiation
transmitted from each of the three antennae (oriented in different directions)
is backscattered from wind ripples on the sea surface to the satellite. The
backscattered power is a function of, amongst other factors, windspeed and
direction at the sea surface. Although the physics of the interaction of a
radar beam wWwith a rough sea surface is not well understood, an empirically
based relationship between the backscattered power and the wind vector at the
sea surface can be determined. Further details are available in the ERS-1
literature.

Products are received as blocks of 19 x 19 observations, wWith each
observation 25 km apart and having a nominal resolution of 50 km. The orbit
period is about 100 minutes. Approximately 200,000 observations per day are
received, most but not all within 2-3 hours of observation time. The
scatterometer shares its transmission with the synthetic aperture radar (SAR)

instrument (producing image data) and unfortunately from the Met. Office's

point of view the SAR is often operated in the vicinity of UK waters. Hence
often scatterometer winds are not available around the UK because of the
operation of the SAR.

The Met. Office produces its own set of wind speeds and directions from
the backscattered radiation in addition to winds derived by ESA ; the model
producing the winds does not produce a unique speed and d1rect1on - up to four
solutions are possible and two of the solutions are always 180 apart, because
for example a westerly wind produces a similar pattern of ripples as an
easterly. The Met. Office uses short period forecast surface winds from our
own model to help resolve the ambiguity. Until July 1992 ESA have not in
general used a forecast and consequently their winds, particularly the
directions, are of significantly poorer quality.

Since last summer, plots of the Met. Office derived winds have been
produced twice a day for CFO. These were initially used to monitor the quality
of the observations but now that the quality has been seen to be acceptable,
the charts are used primarily to assist CFO in inferring the surface wind
analysis, particularly in areas where there are Little or no conventional
observations. On several occasions the charts have helped CFO to identify or
locate precisely the position of fronts and small scale depressions. An
example of a plot of the Met. Office ERS-1 winds (on 13th July 1992) is shown
instig 1.



2. Data

ESA and Met. Office winds, together with model information such as model
10m background and analysis winds interpolated to the observation point, are
stored in the Meteorological Data Base (MDB). Note that the ERS-1 winds are
modified to be valid at 10m above the sea surface. The background field for
ERS-1 winds is a 3-9 hour forecast, the exact forecast lLength depending on the
hour of observation. The analysis is always valid at the main synoptic hour
(00, 06, 12, 18z) closest to the observation - so there could be up to three
hours difference between the observation and analysis time but only 30 minutes
between observation and background. In practice, the statistics for
Observation-Analysis have been very similar to those for
Observation-Background and so only statistics for the Llatter are presented
here. Observations arriving after the model data cut-off times for the
relevent global runs ie the 00 and 12z wupdate runs and 06 and 18z runs, are
excluded from the results below since then model information is not available.

Data for March are presented in this Note. On 1st March ESA made a
calibration change which affected both ESA and Met. Office winds and on 2nd
March a change to the algorithm deriving the Met. Office winds was
implemented. Further changes have taken place since the end of March but the
basic properties of both the ESA and Met. Office winds have at the time of
writing (mid-July 1992) remained the same. One month's data is considered
sufficient to enable the basic characteristics of the data to be described
adequately.

Flags are set by ESA and by the Met. Office for each wind observation to
indicate whether various features are present which may affect the quality of
the product eg whether only two rather than all three beams are functioning.
Where it has been found that a particular flag has been set is associated with
a poorer than average observation (in a statistical sense) all observations
with the flag set have been excluded from the analysis below. For March, 0%
of observations were thus excluded. Such observations would also be excluded
from a model assimilation.

ESA reports wWith speeds below 4 m per s have been set to missing at
source because of the belief that the method of retrieving speeds when the
speed is Light is invalid. However the Met. Office approach has been to retain
the speed and direction and set a flag in the product confidence word.
When comparing ESA and Met. Office winds, Met. Office winds below 4 m per s
have therefore been excluded in order to obtain a true comparison.

To enable a comparison to be made between the satellite derived winds and
conventional observations, ship data from the Observation Processing Database
(OPD) have been extracted for March 1992. Not all ship data have been used
since it is known that a significant proportion of the ship observations are
of poor quality. To select the ‘best' ships, the RMS (0-B) vector wind has
been calculated for each 10 x 10 degree latitude/longitude box for March using
all ships (but excluding reports where the RMS vector difference > 25 m per
s). Next, for each ship identifier, the mean over all observations of the
ratios of the RMS vector difference to the appropriate box vector difference
has been determined. Those ships with the mean ratio less than or equal to 1.0
and with more than 20 reports for the month are considered to be the most
‘reliable' ships and these have been used in the comparison with ERS-1 winds.
The number of observations thus produced forms 22% of the total number.



In this section the abbreviation ESA will be used for the ESA cerivec
ERS-1 winds, MO for the Met. Office winds and SHIP for the reliable snips.
For all results, observations where the RMS (0-B) vector wind difference
exceeds 25 m per s are excluded.

3.1 Histograms

Figures 2 to 13 show histograms for ESA and MO 0-B speed and direction
differences categorised according to the mean of the ESA, MO and background
speed. Note that there are no observation speeds below 4 m per s included for
the reason stated in section 2. Since the program producing the statistics is
expensive to run using all the data, one tenth of the data, randomly chosen
using a pseudo-random number generator, has been used here. If one assumes the
background field is in general a reasonable approximation to the "truth', the
figures show

- for wind speeds, the ESA and MO winds are of similar quality

- for wind directions, the MO winds are far superior, principally because
the ESA winds are frequently about 180 degrees 1in error (even at high
speeds)

- the wind directions for ESA and MO winds are in better agreement wWith
the background direction for the higher speeds.(Note that at low speeds
the background direction itself has greater error).

It is known that ESA are addressing the ‘de-aliasing' problem (selection
of the correct solution from the four possibilities) and an improved
algorithm is expected to be introduced soon.

3.2 Tables

Table 1 shows various statistics for the ESA and MO winds. Results have
been broken down by latitude band. Note again that all MO winds below 4 m per
s are excluded to allow a more genuine comparison with the ESA winds. It is
clear that for all Llatitude bands the MO winds are closer to the backgrouna
field (and hence assumed to be superior) than the ESA winds. This is more
particularly evident for the directional statistics, due to selection of many
ESA wind solutions which are 180 degrees out.

The design criterion for the ERS-1 winds - for winds between 4-20 m per s
- is a RMS difference from ‘truth' of 2.0 m per s for speeds and 20 degrees
for directions. The global results for MO winds of 2.4 m per s and 23.1
degrees respectively are therefore quite close to the design criterion and
these 0-B values include background field errors and errors due to differences
between observation and model in resolution and in time (representativeness
errors).




Tabie ¢ shows the same statistics as table | for the MO and SHIP winds.
in tnis case MO winds of ail speeas are included. Here we see that the MC
winds have smaller absolute bilases and smaller SD differences than the
SHIPs. The mean speeds and mean biases are about 2 m per s greater for the
SHIPs than for the MO winds. This may reflect a positive bias in the SHIP
winds. Possible reasons for this in the case of instrument measurement may be
due to the anemometers in general recording a speed which is representative of
a wind above 10 m height or in the case of visual estimation to too much
weight being given to gusts. The negative 0-B speed bias for MO winds may well
be due to a negative bias in the observations but could also be due to a
positive bias in the model speeds (caused in part by a positive bias in the
SHIP winds which are used by the model).

In table 3, statistics for MO and SHIP winds are displayed for different
speed categories. Except for mean 0-B speeds in the 0-5 m per s band, where
the SHIPs give a smaller absolute value, the quantities for MO winds are all
better than equivalent SHIP values.

Table 4 shows results categorised by the midbeam angle of incidence for
MO winds. This angle of incidence is a measure of the position of the report
in the swathe (small angles are equivalent to the inner edge of swathe). We
note that reports on the inner edge tend to have larger mean and SD direction
differences and hence RMS vector differences than other reports. The cause of
this is not known but may well be due to the physics of the system rather than
the retrieval scheme. From August 1992 it is intended to exclude observations
from any assimilation runs that have the midbeam angle of incidence less than
or equal to 20 degrees - equivalent to the two innermost observations in the
swathe.

3.3 Box statistics

Figures 14-17 show, for 10 x 10 degree latitude/longitude boxes, numbers
of observations, mean vector winds, mean (0-B) vector winds and RMS (0-B)
vector difference, for MO winds. Figures 18-21 display the same information
for SHIPs.

Fig 14 shows the large spatial variation in the number of observations.
(A "K' represents thousands). For example, only 27 observations were present
in the North Sea but over 10000 in several boxes in the west Atlantic. The
mean vector wind arrows (fig 15) display well-established features such as the
Azores High and Trade Winds. The (0-B) vector wind arrows (fig 16) are
generally in the opposite direction to the mean vector wWinds, reflecting the
fact that mean observation speeds are Llighter than the background. The RMS
(0-B) vector wind differences in fig 17 range from about 2 m per s in some
areas of the Tropics to 5-9 m per s near Antarctica.

Fig 18 for SHIPs highlights the fact that numbers of ship observations
are small compared to ERS-1 numbers, particularly in the southern hemisphere.
(The same is true even if all ships had been used). The mean vector winds (fig
19), where comparisons are possible with those derived from MO winds ¢fag 15),
are similar, as hoped for. (The scale of the arrow lengths in figs. 19 and 20
are the same as used for the ERS-1 winds in figs. 15 and 16). However the
direction of the mean 0-B winds in fig 20 is generally opposite to those of
the MO winds, a consequence of the mean speed differences being of opposite
sign. RMS vector speed differences (fig 21) are Llarger than for MO wings
evervwhere.




L, sSummary

The results presented in this Note show that HMet. Office derived wincs
from the ERS-1 scatterometer radar are of good quality and superior to even
the most reliable ship observations. The ESA derived winds from the same
instrument are of significantly poorer quality principatly because the Wira
directons are frequently about 180 deg out.

The Met. Office winds are already proving beneficial to CFO in Llocating
precisely the positions of various meteorological features and in some cases
identifying features not apparent from the model surface wind field. As
mentioned in the introduction, it is unfortunate that winds are often not
available around the UK because of the operation of the SAR instrument.
Requests have been made to ESA to try to reduce the frequency of this
occurrence.

Various experiments have been conducted in S Division to determine their
impact on the operational model's assimilation and forecast, Wwith a view to
assimilating them routinely. The conclusion so far is that the impact 1is
generally small; however this may reflect inadequacies in the assimilation of
these very high density observations and the relatively high quality of the
background surface wind field rather than any problems with the observations.

0f some concern from an operational point of view is that even as late as
July 1992 there are niggling problems with either the production of the data
at source or their transmission. This has resulted in a loss of data for
several hours and occasionally for several days. In an NWP environment this
js clearly not a satisfatory situation.
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gure_ 2 Histogram of ESA O-B speeds : mean speeds < 5 m/s
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figure 3 Histogram of ESA O-B directions : mean speeds < 5 m/s
(ESA 0+B)/2 SPEED=0 TO 5 W/S
EMBO RECTION Cum. Cum.
Hidpoint bt Freq Freq Percent Percent
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dgure Histogram of MO C-8& speeds : MEAD S i
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Figure 5 Histogram of MO 0-B directions : mean speeds < 5 m/s
(UKNO 0+B)/2 SPEED=8 TO S WS

OMBD UKMO 0-B WIND DIRECTION Cum. Cum.
Midpoint ' Freq Freq Percent Percent
=175 | [ | . 0.08 0.08
-165 | 1 1 8.10 8.10
-155 | 0 1 8.08 .10
-145 { [ 1 .08 g.1¢
=135 i [ 1 8.00 e.1¢
-125 l 0 1 0.00 .10
-115 i 1 2 e.1¢ e.19
=105 | 1 3 0.10 8.29
-95 i 3 6 .28 .58
-85 (L] 9 15 0.87 1.44
=75 L] S rd | 0.48 1.92
-65 L 11 31 1.86 2.98
=55 " 14 45 1.35 4.33
=45 (11 19 64 1.83 6.15
-35 LLLL L 37 18 3.56 9.71
-25 LLLL L Lkl 70 171 6.73 16. 44
=15 sEasassanaERERe 116 287 11.15 27.68
-5 sEssssaneNERARRERERERERAN 186 473 17.88 45.48

3 pppsp——T L LTI U T T LD L 218 691 26.96 66.
1S FRNENEEANARRNERRERRRER 163 854 15.67 82.12
25 L LTTLLL UL 78 932 7.58 89.62
3s (ELLLL 38 97¢ 3.65 93.27
45 |nes 25 995 2.40 95.67
55 (L] 12 1067 1.15 96.83
65 |= 16 1617 0.96 97.79
75 1L 18 1027 0.96 98.75
85 |= 7 1034 0.67 99.42
95 | 3 1037 .29 99.71
185 | 2 1039 .19 99.9¢
115 | 0 1039 §.00 99.9¢
125 | s 1039 0.00 99.9¢
135 | 0 1039 0.08 99.9¢
145 | 1 1604¢ 0.10 100.08
155 | o 1040 8.0 100.00
165 | e 1040 0.00 100.08
175 | 0 1040 0.00 100.08

----0---0---0—--0---0---0---0—




------------------------ (ESA 0+B)/2 SPEED=5 TO 15 N/§ =m====e=ssemco-c=secococs

EMBS ESA 0-B WIND SPEED Cum. Cum.
Hldpoln} Freq Freq Percent Percent
-13 | 18 18 0.01 0.01
-12 | 14 32 0.01 0.02
-11 | S8 90 0.04 0.06
-10 | 123 213 0.08 0.13
-9 | 323 536 0.20 0.33
-8 |» 734 1270 0.46 0.79
-7 (L) ; 1511 2781 0.94 1.73
-6 ILLLLL : 3571 6352 2.23 3.96
-5 ELLLLL L L 7338 13690 4.58 8.54
-4 00 0 0 0 13650 27340 8.51 17.05
-3 |nnnnnnllnlucnuuunlln!!-lununn- , 22195 49535 13.84 30.90
-2 |lI'lllllllll.llIllll!llllll.ll.lllIllll 28897 78432 18.03 48.92
-1 |III.Illl'.Ill.lllIllll'll.lIII.IIIIII! 28337 106769 17.68 66.60
0 |---nnn-nnnu---.-n-nnll!-Illnu 22100 128869 13.79 80.39
1 00 0 00 0 00 00 00 0 00 0 0 0 0 00 0 0 13893 142762 8.67 89.05
| 2 IELLLLLLLLL L] 8056 150818 5.03 94.08
| 3 |wwwan 4041 154859 2.52  96.60
| 4 |nun 2249 157108 1.40 98.00
| S jun 1222 158330 0.76 98.76
| 6 |= 758 159088 0.47 99.24
7 in 488 159576 0.30 99.54
8 | 279 159855 0.17 99.71
9 I 171 160026 0.11 99.82
10 | 114 1660140 0.07 49.89
| 11 | 64 160204 0.04 99.93
12 { 34 160238 0.02 99.95
| 13 | 3 ;3 A 74 160312 0.05 100.00
| 6066 12000 18000 24000
Frequency
Figure 7 Histogram of ESA 0-B directions : mean speeds 5-15 m/s
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Figure 9 Histogram of MO 0-B directions : mean speeds 5-15 m/s
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(ESA 0+B)/2 SPEED=>= 15 M/S

: mean speeds > 15 m/s
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Figure_11 Histogram of ESA 0O-B directions
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Histogram of M0 O-8 speeds : mesn speeds » 1% m/s

------------------------- (UKMO 0+B)/2 SPEED=>= 15 MW/§ --======ceemmmmmmmaaaaan
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Figure 13 Histoqram of MO O-B directions : mean speeds > 15 m/s
: (UKMO 0+B)/2 SPEED=>= 15 MW/S
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Comparison o=iween £5A_and_ Mo _winas
Breakdown Dy .atitude_band
Units : speeds and vector winds in metres per second and directions in degrees

Latitude band

30-90 deg S 505S = 50N 30-90 deg N Giobal
No. of observations 800905 505873 187457 1494235
Mean obs. speed ESA 8.5 6ot 8.6 T
MO 8.9 TS 9.1 8.2
Mean 0-B speed ESA =i 0.9 =il =1
MO =016 =04 =055 =05

Mean 0-B direction ESA -12.3 245 S gy
MO 25 =140 ot 0.9
SD 0-B speed ESA Sl 2l 2.6 il
MO 2.8 158 25 2.4

SD 0-B direction ESA. 10,8 109.3 100.7 1052
MO 2525 19.0 20::2 23.1
RMS 0-B speed ESA L) 2.5 2.8 2.9
MO 2.9 1.8 ek 2.4
RMS 0-B direction ESA: 102.5 112:0 100.7 105.0
MO 25.6 19.0 2152 231
RMS 0-B vector ESA TES 1031 120 10.9

MO 4.6 2.8 358 5.9



Comparison _between MO_and _SHIP _winas
Breakdown by tatitude band

Units : speeds and vector winds in metres per second and directions in degrees

Latitude band

30-90 deg S 5O%SL =5 SUFN 30-90 deg N Global

No. of observations MO 917621 1104658 318917 2341186
SHIP 2404 11611 16167 30182

Mean obs. speed MO 7.8 4.5 (B 6.
SHIP 8.8 645 9.0 8.0

Mean 0-B speed MO =0z =0 =09 =06
SHIP 1) 0.9 12 tal

Mean 0-B direction MO 0.9 =120 =236 =0
SHIP B3 -0.8 e 4 =152

SD 0-B speed MO 228 1.6 2] 2i1
SHIP S 253 2.8 TS

SD 0-B direction MO 28.9 24 .4 2351 25
SHIP 41.8 33k 34, L5

RMS 0-B speed MO 259 17 2.3 2328
SHIP S5 2.5 3:0 2:9

RMS 0-B direction MO 28.9 24 .4 23.2 25.1
SHIP 41.9 ST 34.1 AR S

RMS 0-B vector MO 455 2.6 205 3.6
SHIP 556 58 4.9 4.6



Comparison ot MC and SHIP_ wWinds
Breakdown oy _mean_speed
Units : speeds and vector winds in metres per second and directions in degrees

Mean speed of observation and background

Q=5 5-10 10-15 15-20 20-25 D25
No. of obs MO 869538 1124698 299385 45839 1726 0
SHIP 7931 15918 5267 989 74 3
Mean obs speed MO e 6.4 1458 169 228
SHIP 2T =8 13.0 18.2 2435
Mean 0-B speed MO =0 = -0.4 0.8 K
SHIP 0.2 123 a9 5.2 6.2
Mean 0-B dirn. MO 0.5 -0.7 0.6 =07 =28
SHIP -0.2 =12 =20 =S 18
SD 0-B speed MO A 202 3= 3.0 T
SHIP 2l 2D 50 | 3.5 O
SD 0-8 dirn. MO 38.2 250 19.0 5.3 13:
SHIP 5% 32.4 2205 175 20.
RMS 0-B vector MO 2l i 4.8 5.3 70
SHIP B 4.4 5.6 6.8 10.2
Table 4

MO _winds : Breakdown by midbeam_angle of incidence
Units : speeds and vector winds in metres per second and directions in degrees
Angle of incidence

15-20 20-25 25-30 30=35 35-40 40-45 45-50

No. of obs 123820 317314 370508 369796 492063 491084 122601
Mean obs speed Dia D 5.8 6.0 653 6.4 6.0 549
Mean 0-B speed -1.4 e B =056 =05 =0T =100
Mean 0-B dirn. &8 ol O =029 =07 028 Q53 0.4
SO 0-B speed Ziog 202 2:2 2.3 2. % 252 &
$DE0-B dirn. SR 28.9 26.2 26T 25.0 24.2 252
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RMS O-8 vecior 4.2 a0



