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Abstract

The diurnal cycle of ocean surface wind and its convergence were analyzed using

available tropical mooring observations from TAO, PIRATA and RAMA programs

and a gridded ocean surface wind product, Cross-Calibrated Multi-Platform Ocean

Surface Wind Velocity (CCMP), which is a blended product using available satellite

surface wind observations and ECMWF analysis. The objectives of our study are

to assess the fidelity of CCMP product and the variability of surface wind and

its convergence at diurnal frequency band, and to apply to the analysis of wind

observation from future satellite missions, including the Cyclonic Global Navigation

Satellite System (CYGNSS) mission. With an 8-microsatellite constellation, the

CYGNSS mission is designed to measure ocean surface wind field with a mean

revisit time of 4 hours between 35N and 35S and through all levels of precipitation

events. Our analysis period is from 2002 to 2011, during which there were at least

six satellites that could provide observations. The Root Mean Square Difference

(RMSD) of hourly wind between CCMP wind and tropical mooring observation is

around 1 − 2 m s−1 or 30% of the total wind speed and with significantly high

correlations, indicating the fidelity of CCMP product. The discrepancies between

CCMP wind and mooring observation tend to be larger during precipitating periods.

Regions of large variability of wind and its convergence at diurnal frequency band are

the coast region, central part of subtropical highs. The ITCZ and SPCZ regions also

show up clearly in the variability of wind and its convergence at diurnal frequency

band.
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1 Introduction

Diurnal cycle is one of the strongest natural modes in Earth system. Many atmo-

spheric parameters in tropical regions have significant diurnal cycle signal. Precipi-

tation and the amount of deep convective clouds have significant diurnal cycle (e.g.,

Yang and Slingo 2001; Tian et al. 2006) and and also interact with variability at

longer time scales (Oh et al. 2012). The diurnal cycle of surface wind, however, is

not studied extensively. Deser and Smith (1998) has analyzed the diurnal cycle of

wind using mooring wind observations and quantified the magnitude of diurnal cycle

of wind. However, their analysis is based on sparse observations. In present research,

the magnitude of surface wind diurnal cycle is studied using a gridded product by

blending surface wind analysis from ECMWF and satellite wind speed and wind

vector observations. Our motivations are to assess the quality of the gridded ocean

surface wind product and to quantify the magnitude of surface wind diurnal cycle

on global scale.

The Cyclone Global Navigation Satellite System (CYGNSS) is designed to ob-

serve ocean surface wind observation from 35S to 35N with an averaged revisit time

of 4hr and for all levels of precipitation events. Our study prepares for the poten-

tial applications of CYGNSS wind product in terms of potential interaction among

variability at different time scales.

2 Data

The gridded ocean surface wind used in present study is the Cross-Calibrated Multi-

Platform (CCMP) Ocean Surface Wind Velocity, which combines surface wind anal-

ysis from ECMWF and wind speed observations from SSM/I, AMSRE, and TMI

and ocean surface wind vector observations from QuikSCAT and SeaWinds. An

enhanced variational method was used to blend satellite surface wind observation
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and the 10m winds from ECMWF (Atlas et al. 1996; Hoffman et al. 2003). The

ERA-40 Reanalysis was used as a background field for the period from July 1987

to December 1998. Beginning in 1999, the ECMWF operational analysis was used

as background. Since 2002 there were at least six satellites that can provide wind

observation. Mooring stations in the tropical Pacific started to provide hourly (or

higher frequency) surface wind observation since 1980s (McPhaden et al. 1998).

Gradually the mooring arrays were extended to the tropical Atlantic (Servain et

al. 1998; Boules et al. 2008) and the tropical Indian Ocean (McPhaden 2009).

Mainly based on the above consideration, our analysis is for the period from 2002

to 2011. Surface wind observations from 108 stations were used, with missing peri-

ods from time to time. It should be noted than no extra quality control procedure

was conducted for in situ mooring observations. The quality controlled data from

PMEL/NOAA were used in our analysis.

3 Results

3.1 Comparison of CCMP and mooring observation

Hourly wind observations from mooring arrays were compared with CCMP wind by

bilinearly interpolating CCMP wind to station location and matching time. Figure

1 is a typical example of the comparison, indicating the Root-Mean-Square Differ-

ence (RMSD) between CCMP zonal wind and mooring observations at 0N, 147E is

around 1 m s−1, and with high correlation coefficient around 0.95. Since the hourly

observation is used, the RMSD is higher than that of Atlas et al. (2003) which used

monthly averaged wind.

The comparison was conducted from 2002 to 2011 and all the mooring observa-

tions from 108 stations were used. Figure 2 is the averaged RMSD of wind between

mooring observation and CCMP wind interpolated to mooring locations. The RMSD
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of wind (WRMSD) is defined as

WRMSD = (U2
RMSD + V 2

RMSD)1/2, (1)

in which URMSD and VRMSD is the RMSD for zonal and meridional wind component,

respectively. When there are more than 120 wind observations available, WRMSD is

computed for the particular station for that year. Figure 2 is the averaged WRMSD

from 2002 to 2011. The WRMSD is generally between 1-2 m s−1 and regions associ-

ated with high precipitation such as ITCZ regions of the Pacific and Atlantic, SPCZ,

and the eastern Indian Ocean have higher WRMSD than low precipitation regions

such as Eastern Pacific and Eastern Atlantic. The high WRMSD in precipitation

regions is presumably caused by the effect of rain on the microwave instruments

commonly used by current satellite missions. The CYGNSS mission will use L-band

and can observe ocean surface wind for all precipitation events, whose advantage

needs to be evaluated after its launch in 2016.

Figure 3 shows the change of WRMSD from 2002 to 2011. The WRMSD varies

between 1.6-1.8 m s−1. The WRMSD is about 25-30% of the total wind speed in

tropical regions (low panel of Figure 3). If the comparison is separated into pre-

cipitating (hourly rain rate greater than 0.01 mm hr−1) and non-precipitating time

(hourly rain rate smaller than 0.01 mm hr−1) (Figure 4), WRMSD for precipitating

time is generally higher by about 0.2 m s−1.

3.2 Surface wind diurnal cycle

Power spectrum analysis was conducted for the six-hourly CCMP product and the

spectrum power within diurnal frequency band was integrated and used as a measure

of variability in diurnal frequency band. More specifically, the variability within

diurnal frequency band is computed as

Vdiurnal =
∫ ω1

ω2

P (ω)dω (2)
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in which ω1 is 1/30 hr−1 and ω2 = 1/18 hr−1 and P (ω) is the result from spectrum

analysis.

Figure 5 shows the variability of wind speed at diurnal frequency band as defined

in equation (2). The regions with high variability (> 1m2s−2) are located around

coast regions and associated with land-sea breeze, such as Australia, Gulf of Mexico,

Africa coast, Madagascar, north and south American coast. In the open ocean,

the variance is generally around 0.1-0.2 m2s−2, which is equivalent to a change of

wind speed around 0.3-0.7 m s−1. The precipitation regions, ITCE and SPCZ,

have a slightly higher variability around 0.2-0.3 m2s−2. The diurnal variability

center at the central part of subtropical high, which is not analyzed extensively,

has a variance larger than 1 m2s−2. During the boreal winter time, the position

of subtropical high in Northern Hemisphere moves southward, the center of large

wind diurnal variability is around 30N. During boreal summer time, similar feature

is evident along 30S. Associated with wind variability, the variability of surface wind

convergence field also has diurnal variability (Fig. 6). Large regions of divergence

is still the coastal regions. The precipitation regions are clearly visible. The central

part of subtropical high is still the region of large variability.

4 Summary

The fidelity of CCMP product is assessed by comparing hourly observation and

CCMP product. The Root Mean Square Difference of wind between mooring obser-

vation and CCMP product is generally around 1-2 m s−1, or about 30% of the total

wind speed, and the correlation coefficients between CCMP and mooring observa-

tions are generally high, around 0.95, which represents the current status of the best

estimate of ocean surface wind by combining satellite observation and meteorolog-

ical analysis field. In precipitation regions, such as ITCZ, SPCZ, and the eastern
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Indian Ocean, the RMSD of wind is generally higher. Discrepancies between CCMP

wind and mooring observations tend to be larger during precipitating periods. With

the future launch of CYGNSS mission, it is expected that the use of L-band instru-

ment on board CYGNSS mission can further improve the accuracy of ocean surface

wind observation and alleviate the issue. Regions of large wind variability at diurnal

frequency band is the coast regions and the central part of subtropical highs. The

ITCZ and SPCZ regions also show up clearly in the diurnal cycle of surface wind

and its convergence field.
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Figure 1: Comparison of hourly zonal wind from Cross-Calibrated Multi-platform

Ocean Surface Wind Velocity product (CCMP) and TAO mooring observation at

0N, 147E. The root-mean-square-difference between the two is 1 m s−1 and the

correlation coefficient is 0.95, respectively.
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Figure 2: Root-mean-square-difference of wind between Cross-Calibrated Multi-

platform Ocean Surface Wind Velocity product and mooring observation. It is the

average for all available data from 2002 to 2011.
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Figure 3: Time evolution of the (top) root-mean-square-difference of Cross-

Calibrated Multi-platform Ocean Surface Wind Velocity product (CCMP) and

mooring observation and (bottom) the ratio of the root-mean-square-difference of

CCMP and mooring observation and wind speed from 2002 to 2011. It is the average

for all stations for each year.
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Figure 4: Comparison of RMSD of CCMP and mooring wind observation for non-

precipitating (hourly rain rate smaller than 0.01 mm hr−1) and precipitating (hourly

rain rate larger than 0.01 mm hr−1) periods.

13



Figure 5: Variability (in unit m2 s−2) of surface wind speed at diurnal frequency

band for January (top) and July (bottom) of 2005.
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Figure 6: Variability (in unit 10−9s−2) of surface wind divergence at diurnal fre-

quency band for (top) January and (bottom) July of 2005.
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