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Estimating Air-Sea Energy Fluxes with the TOGA-COARE Algorithm

A major product of the ARM MAGIC measurements will be the air-sea energy fluxes. The net energy flux into
or out of the sea surface can be summarized by the following summation:

What are the air-sea energy fluxes? The net flux of energy across the sea surface can be divided into
several components.

Hnet = −(Hs +Hl) + (Rs↓ −Rs↑) + (Rl↓ −Rl↑) −Hrain

where

Hnet is the net heat flux for which the stated accuracy goal is ±10 Wm−2 for time periods from monthly
to seasonal time scales.

Hs is the sensible heat flux from turbulent exchange of heat from temperature differences. This term is
strongly dependent on the air-sea temperature difference. In certain location of extreme temperature
difference this term will be large, but in general it is small but significant.

Hl is the latent heat flux from evaporation. This can be the largest term in the summation and is the
reason for the extreme accuracy requirements for humidity in table 1.

Rs↓ is the short wave downwelling irradiance. Solar insolation is a large term in most locations except
heavily cloudy areas.

Rs↑ is the short wave upwelling irradiance (albedo). The open ocean is almost black to shortwave
radiance and as a result this term is small. It is usually determined from an algorithm based on Hs↓
and the solar elevation angle.

Rl↓ is the long wave downwelling irradiance and usually of the order 300-420 Wm−2.

Rl↑ is the long wave upwelling irradiance. Like Rs↑, this term is seldom measured directly but is
computed from accurate measurements of the sea surface skin temperature and a constant emissivity.
The upwelling and downwelling long wave irradiances are usually close to each other so the difference
is much smaller than either term.

Hrain is the effect of rain at a temperature different from the sea surface. This is usually small but can be
significant in some situations.

By convention, negative flux values are upwards, out of the ocean, heating the atmosphere. Positive fluxes are
downward, heating the ocean.
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The components of energy and vapor transfer across the sea surface.

What are the long-term averaged fluxes used in climate? For purposes of climate studies the fluxes
are averaged for a minimum of one day so the 24-hour variations of solar radiation are averaged together.

The long-term averaged flux components for
two tropical situations. The top panel came
from data collected during the ARM ICE
cruise off the north coast of Australia and the
bottom panel came from the TOGA-COARE
experiment. When averaged over one or more
24-hour periods, the diurnal effects of short-
wave irradiance are reduced and the resulting
net flux is a small difference between several
large contributors. This graph shows the im-
portance of accuracy, especially the longwave
and shortwave radiation components. Up-
ward longwave irradiance, Rl↑, and the La-
tent flux, HL, are dependent on the ocean
skin temperature.
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How do fluxes vary over a day?

Calculations of fluxes with the TC algorithm. There are strong differences are seen between day
and night, mainly from insolation differences. Red bars are positive and signify downward fluxes
and ocean heating. Blue are upward fluxes and ocean cooling. The RSD term in the left panel is a
noontime insolation of 900 Wm−2. The small bar on the top of each of the flux bars is the error
that results from the accuracy requirements in Table 1. The error in the net flux is approximately
±40 Wm−2.

How does one measure/estimate the fluxes?
Measurements of energy, vapor, and gas fluxes across the air-sea interface have been made over the past three or
more decades by four basic methods: (1) measure mean air-sea differences in basic quantities such as wind speed,
temperature and humidity and use a parameterization scheme to estimate the fluxes, (2) measure mean profiles
of wind, temperature, and other variables and relate the profiles to turbulent fluxes via Reynolds similarity
theory, (3) make turbulent measurements of the covariances between wind speed, temperature, humidity and
passive gasses such as CO2, and (4) turbulent measurements of the inertial-dissipation in the flux variables.
These methods are called, respectively, bulk aerodynamic method, mean profiles method, eddy correlation
method, and inertial-dissipation method [Fairall et al., 1990]. After years of measurements on many cruises the
bulk and eddy correlation methods have proven to be the most robust and dependable methods of estimating
air-sea fluxes.

The direct turbulence eddy correlation technique can be accurate and does not depend on parameterizations
[Hare et al., 1992], but on a ship it is difficult to undertake. The instruments are placed on a foremast very
near the bow and ship must move slowly into the wind so that the wind comes over the bow and is as close as
possible to being uncontaminated by the ship’s superstructure. The motion of the sensors due to ship motion
must be carefully removed from the measurements which adds complexity to the operation. An inertial motion
sensor is necessary.

What is the TOGA-COARE algorithm?
The TOGA-COARE algorithm is a computer program that accepts mean measurements of meteorological and
some oceanographic quantities and uses them to compute the different fluxes.

In the past decade careful eddy correlation measurements from many cruises in different sea conditions have
been used to develop reliable algorithms for estimating the air-sea fluxes from mean measurements. Called the
“bulk aerodynamic algorithm,” it is by far the simplest method to implement on a large number of volunteer
vessels. A widely used algorithm today is the TOGA-COARE (TC) algorithm [Fairall et al., 1996] which is
continuously improved and tested in an ongoing program of research cruises.

The meteorological measurements required for determination of air-sea fluxes comprise: • Wind speed • Wind di-
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rection • Air temperature • Air humidity • Atmospheric pressure • Downward shortwave radiation • Downward
longwave radiation • Rainfall • Sea surface temperature (not strictly meteorology, but a vital measurement)

The TC algorithm is available online [Pawlowicz et al., 2001] at http://coaps.fsu.edu/COARE/flux_algor/.
The most popular version is a matlab version. The figure above describes different program subroutines that
accept the different measurements to compute the fluxes. The key program is “HFBULKTC” which computes
all the non-radiation fluxes, the most important of which is latent flux from evaporation.

How sensitive is the algorithm to measurement error?
In the late 1980’s coupled air-sea models were shown to be sensitive to small changes in values of air-sea
fluxes. As a result, the World Ocean Circulation Experiment (WOCE) observing program and studies such as
the Tropical Ocean Global Atmosphere Coupled Ocean-Atmosphere Response Experiment (TOGA-COARE)
[Webster and Lukas, 1992] set accuracy goals for the measurement of net heat exchange across the air-sea
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interface of ±10 Wm−2 over time scales of a day or greater. Climate quality measurements are important for
predicting low level marine clouds and this weakness is evident in cloud model studies.

However, the goal of ±10 Wm−2 by this method is not easily attained. In general, comparisons of observations
of heat flux between research ships do not meet this goal unless great care and attention to detail is made. In
the introduction to their handbook on mean shipboard meteorological measurements, Bradley & Fairall stated:
“Problems were traced to interference of the measurement by the ship including: poor location of sensors;
inadequate knowledge of how an instrument designed for use over land performed on an unstable platform and
in the marine environment; and inappropriate calibration procedures. Overall, it became apparent that, if the
requirements of climate research were to be met, more care must be taken to ensure the accuracy of measurement
of basic meteorological variables used for the calculation of turbulent and radiative air-sea fluxes (Weller et al.
2004). Such careful observations may be referred to as of climate-quality. [Bradley and Fairall , 2006]1

The Shipboard Automated Meteorological and Oceanographic System (SAMOS)2 initiative provides routine ac-
cess to accurate, high-quality marine meteorological and near-surface oceanographic observations from research
vessels and select voluntary observing ships. The goal of the AMF2 installation should be to provide a SAMOS
grade, e.g. climate quality, measurement suite for the MAGIC expedition.

What are the measurement accuracy requirements for TC estimates?
Table 1, below, shows accuracy requirements for the different measurements that are necessary for the bulk
method. Bradley & Fairall go on to say: “The above accuracy estimates are based on the goal to determine
net heat flux to within ±10 Wm−2 on the monthly to seasonal time scales appropriate for climate studies. The
reader should recognize that they are nominal values which apply to typical marine weather conditions from the
tropics to mid-latitudes. They cannot be expected to apply in unusual or extreme conditions. In the Arctic, for
example, if the air temperature is -40 ◦C, it makes no sense to measure relative humidity to 2%. Calculated bulk
turbulent heat fluxes can incur errors from uncertainties in the measurements of temperature and wind speed in
extreme conditions. Consider the 10 Wm−2 goal arbitrarily apportioned equally between radiative and turbulent
fluxes. 5 Wm−2 accuracy in the turbulent fluxes is less likely to be met when wind speeds exceed 15 m s−1 and
highly unlikely above 20 m s−1. This level of accuracy is also difficult to achieve in conditions where the 10-m
air-sea temperature difference exceeds ±3 ◦C. What happens in a 50-kt gale in the Labrador sea in January is
anybodys guess. However, very strong wind and/or extremely large sea-air temperature or humidity differences
are sufficiently rare that long term averages of the fluxes should fall within, or close to, the desired target. ”

1This handbook is the state of the art for shipboard air-sea flux measurements. In the discussion to follow we have borrowed liber-
ally from this document and here acknowledge our indebtedness. http://www.coaps.fsu.edu/RVSMDC/SAMOS web/docs/NOAA-
TM OAR PSD-311.pdf

2SAMOS home page: http://samos.coaps.fsu.edu/html/

http://www.coaps.fsu.edu/RVSMDC/SAMOS_web/docs/NOAA-TM_OAR_PSD-311.pdf
http://www.coaps.fsu.edu/RVSMDC/SAMOS_web/docs/NOAA-TM_OAR_PSD-311.pdf
http://samos.coaps.fsu.edu/html/
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Table 1: Accuracy, precision and random error targets for a climate quality meteorological system. Note that
accuracy refers to systematic, e.g. fixed, error which produces a long-term bias in the net flux, HTOT . This
tabel is taken from the Bradley & Fairall guideline.

Parameter Accuracy of Mean (bias) Data Preci-
sion

Uncertainty and/or Com-
ments

Latitude and Longitude 0.001◦ 0.001◦

Heading 2◦ 0.1◦

Course over ground 2◦ 0.1◦

Speed over ground max(2% or 0.2 m s−1) 0.1 m s−1 < (10% or 0.5 m s−1)
Speed over water max(2% or 0.2 m s−1) 0.1 m s−1 < (10% or 0.5 m s−1)
Pitch and Roll mean < 1◦ < 1◦ windage, sea state, etc.
Pitch and Roll, σ < 1◦ < 1◦ waves & sea state
Wind direction 3◦ 1◦

Wind speed max(2% or 0.2 m s−1) 0.1 m s−1 <(10% or 0.5 m s−1)
Atmospheric Pressure 0.1 hPa 0.01 hPa
Air Temperature 0.2◦C 0.0◦C
Dewpoint Temperature 0.2◦C 0.1◦C
Wet-bulb Temperature 0.2◦C 0.1◦C
Relative Humidity 2% 0.5%
Specific Humidity 0.3 g/kg 0.1 g/kg
Precipitation ≈0.4 mm/day 0.25 mm
Radiation (Rl↓,Rs↓) 5 Wm−2 1 Wm−2

Near surface:
Sea Temperature 0.1◦C 0.05◦C
Salinity 0.1 psu 0.05 psu
Current 0.1 m s−1 0.05 m s−1

The MAGIC project will need to keep the requirements of this table in mind. Accurate wind speed measurements
require knowledge of the ship motion and the ocean surface currents as well as carefully measured apparent
wind speeds from the mast. Since the ocean and ship vectors can be in any direction, proper computation of
true wind speed requires knowledge of all the directions as well as the speeds.

How does each measurement contribute to TC error?

How do we apply this to the MAGIC measurements?
This memo is meant only to provide a brief definition of the TC algorithm which can provide reasonably accurate
estimates of the energy fluxes, and water vapor fluxes, crossing the air-sea boundary. A follow-on memo will
discuss each of the SPIRIT meteorological measurements and how they meet the criteria of accuracy.
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Appendix B – The TOGA-COARE Bulk Flux Algorithm 

B1. History and Features 

In 1993, as part of the TOGA-COARE Air-Sea Interaction (Flux) Working Group 
activity, Chris Fairall, Frank Bradley and David Rogers began development of a bulk air-sea flux 
algorithm for use by the COARE community.  The purpose was to ensure that the bulk flux 
results from every measuring platform were derived from identical assumptions, physical 
functions and computational methods.  Faced with the challenging target of net heat flux 
accuracy of 10 Wm-2, any disagreements would be due to the basic observations, not differences 
in the bulk algorithm.  In some respects, the same situation applies to the SAMOS initiative. 

The COARE algorithm had to take account of the light wind, strongly convective 
conditions found in the region of the tropical Pacific warm pool.  It was based on the model of 
Liu, Katsaros and Businger (1979), hereafter referred to as LKB, which used the formalism of 
Monin-Obhukov similarity theory for the atmospheric surface layer, solving equations (11.2) to 
(11.7) iteratively for the surface fluxes.  The velocity roughness was specified by the 
Charnock/Smith expression (11.11), and the scalar roughness lengths from relationships between 
the velocity and scalar roughness Reynolds numbers given by LKB.  Independent estimates of 
αc (= 0.011) and the gustiness parameter, β (= 1.20) in equation (11.13) were made from 
covariance and dissipation flux measurements made during COARE.  The unstable profile 
functions were a blend of the Kansas functions, ψk, near neutral (Businger et al. 1971) with a 
form, ψc, that obeys the theoretical scaling limit in highly convective conditions (Fairall et al. 
1996b).  The stable forms were as determined for Kansas. 

At Version 2.5b the COARE bulk flux algorithm was made generally available (Fairall 
et al. 1996b).  Its major shortcomings were that the exchange coefficients were based on less 
than 1000 hours of directly measured fluxes and solely on COARE data, and so was effectively 
“tuned” to tropical conditions with few wind speed observations greater than 10 ms-1.  Clearly, 
the algorithm needed to be generalized for more global applications and tested against a much 
broader dataset.  By 1999 Fairall’s group at NOAA/ESRL [Earth System Research Laboratory; 
formerly Environmental Technology Laboratory (ETL)] had undertaken cruises in all ocean 
basins (Fairall et al. 1997).  From these a flux database of over 7200 h was assembled, including 
800 h with wind speeds in excess of 10 ms-1, and 2200 h at high latitudes.  It was augmented 
with 94 h of high wind data from the HEXMAX experiment (De Cosmo et al. 1996).  A subset 
of these data were used to refine the algorithm as Version COARE 3.0, and it was tested against 
the entire database (Fairall et al. 2003). 

Codes are available at ftp://ftp.etl.noaa.gov/user/cfairall/bulkalg/cor3_0/ and 
accompanied by a “readme” description.  Inputs required are time series of the meteorological 
variables, together with the height (or depth) of measurement; i.e., date, time, wind speed, air 
temperature and humidity, sea temperature, downward short- and long-wave radiation, rainfall, 
latitude, longitude.  The radiation data are required for the calculation of ocean surface warming, 
the ship’s position for gravity and the solar time. 

Features of Version 3.0 are as follows: 

1. Below 10 ms-1 the Charnock parameter in equation (11.11) retains the value (αc = 0.011), but 
above 10 ms-1 takes a simple wind speed dependence based on data from various sources (e.g., 
Hare et al. 1999). 
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2. The Liu et al. (1979) scalar roughness relationship has been replaced with a much simpler one 
that fits both the COARE and HEXMAX databases, 6.05

00 105.5 −−×== rqt Rzz . 

3. A gustiness factor [equations (11.12) and (11.13)] is calculated in the flux loop, using β = 1.25 
determined from COARE measurements, and applied as )( 22

guu + to avoid singularity as u→0. 

4. An empirical constant in the convective portion of the scalar profile function has been 
optimized to match direct profile observations (Grachev et al. 2000). 

5. The Kansas stable profile functions (Businger et al. 1971) have been replaced by those from 
Beljaars and Holtslag (1991), which compare well with new profile data taken over the Arctic ice 
cap (Persson et al. 2002) and appear to be a better fit at extreme stability. 

6. The stability iteration loop uses a bulk Richardson number parameterization as a first guess 
(Grachev and Fairall, 1997), thus reducing calculation time and making the algorithm more 
attractive for use in numerical models. 

7. SST (skin temperature) can be obtained from measurements at depth, using models of the 
diurnal warm layer and cool skin (see section 2.6, Fairall et al. 1996a and Wick et al. 2005).  
The models require downwelling long- and short-wave radiation data; values for broadband 
surface albedo and ocean emissivity are taken as 0.055 and 0.97, respectively (from COARE 
observations).  These optional models are not used if SST is obtained using an infrared or 
microwave radiometer. 

8. An option has been included to allow the velocity roughness to be calculated from wave 
parameters.  We have taken two models from the recent literature that are wave age and/or wave 
slope based.  Oost et al. (2002) requires the wave period to be specified, and Taylor and Yelland 
(2001) need both wave period and significant wave height.  However, these schemes have not 
been tested with reliable wave measurements. 

9. The so-called Webb correction (Webb et al. 1980) to latent heat flux arises from the 
requirement that the net dry mass flux be zero.  The latent heat flux is therefore formulated in 
terms of mixing ratio, the fundamentally conserved quantity, instead of specific humidity.  
However, the model returns the mean Webb velocity, which can be used to compute Webb 
corrections for any trace gas or particle fluxes measured simultaneously. 

10.  The momentum and sensible heat fluxes due to rainfall are calculated (Caldwell and Elliott, 
1971; Gosnell et al. 1995). 

B2. Examples of COARE 3.0 Performance 
The essence of the bulk flux scheme is the specification of roughness lengths or, 

equivalently, of the 10-m neutral transfer coefficients.  Version 3.0 is based on averaging 
thousands of data points; in Figure B1 the actual data are shown with the model.  An example of 
the model’s ability to yield the correct values, on average, for fluxes is shown in Figure B2, 
where both model-derived and measured latent heat fluxes have been composited in wind speed 
bins (the lines denote means and the symbols denote medians).  The agreement is excellent from 
0 to 20 m/s.  Another way to view the state of the transfer coefficients is to ratio with the Version 3.0 
specifications (Figure B3).  Here the ESRL (ETL) data are shown as points with statistical 
uncertainties in the mean quantity.  The dashed lines are the transfer coefficients used by the two 
major operational weather forecast centers (NCEP and ECMWF).  NCEP recently replaced their  
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Figure B1.  Wind speed dependence of the momentum (lower panel) and scalar transfer (upper 
panel) coefficients for COARE versions 3.0 (solid line) and measurements (thin line with 
circles). 

 
Figure B2.  The average of covariance and ID latent heat fluxes computed in 10-m neutral wind 
speed bins.  Mean values are shown by lines and medians by symbols:  the solid line and circles 
are measured fluxes, and the broken line and crosses are calculated with COARE 3.0. 
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model (labeled ‘old’ in the figure) with a derivative of the COARE 2.5 model.  The operational 
parameterizations are now within 10% of the ESRL (ETL) data and the COARE algorithm for 
wind speeds from 0 to 20 m/s.  

 
Figure B3.  The average wind speed dependence of 10-m neutral transfer coefficients divided by 
the COARE 3.0 values (Upper panel, Ce10 n; lower panel Cd10 n).  The dashed lines are NCEP and 
ECMWF formulae (as labeled); the solid line with symbols is the average ESRL (ETL) data. 

 

B3. Estimate of Turbulent Flux Errors 

If we want to determine the value of some variable, x, then we perform a ‘measurement’ 
with an instrument that provides an estimate of the value, xm.  A simple method to illustrate the 
relationship between what we want and what we get is a linear form with a bias (offset) and a 
slope, 

mmm xslopebiasxxslopebiasx *)1(* −++=+= .   (B3.1) 

The bias represents a persistent offset in the device and the (slope-1) corresponds to a persistent 
percentage error in each measurement.  In principal, the bias and slope can be determined by a 
laboratory calibration and subsequently removed as a source of error by correcting the device 
output.  To actually use the device on a ship, we ship it from the calibration facility, mount it 
somewhere in an environment that may be quite different (variable and influenced by flow 
distortion, heat island, etc.), connect it to data-logging system and operate it for a time period on 
the order of a year.  Thus, the correct bias and slope corrections to be applied to this one-year 
record now must be considered uncertain.  In many cases, we may need to apply in situ 
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calibration or intercomparison methods to constrain these uncertainties to meet our guidelines 
(see Table 1) as discussed in detail in the previous sections.     

A second aspect of measurement uncertainty must be considered when dealing with 
geophysical variables, which vary considerably with space and time.  Typically, we are 
interested in statistical properties of the variables, such as the mean, standard deviation, or 
frequency spectrum.  For climate purposes, the one-month average temperature at a particular 
location is of more significance than the instantaneous temperature at any specific time.  If we 
now consider the variable to be a function of time, x(t),  then we are interested in estimating the 
intrinsic mean of the variable, μx, or its standard deviation, σx.  At a given place and time, we can 
take a sample of the time series of x and compute the average of x (denoted <x>) over some time 
interval, Δt.   

 ∫
Δ+

Δ Δ
=><
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t
t dttx

t
x )(1  .     (B3.2) 

However, this particular average is only an estimate of the intrinsic mean – there is uncertainty in 
the estimate.  This is analogous to asking 100 people how they will vote (a sample) to try to 
guess the outcome of an election.  You cannot expect the 100 people you happen to poll to give 
exactly the same result as the 1 million that vote in the election.  We can compute how uncertain 
our estimate of μx is by using normal statistics theory 
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ΤΔ

±>=< Δ /
σ

μ   ,     (B3.3) 

where xΤ  is the decorrelation time scale for x.  Suppose you make a measurement of x at a 
specific time, then the decorrelation time is how long you must wait before a subsequent 
measurement will be independent of the previous one.  Another way of stating it is “how long do 
you have to wait before x changes by about σx?”  Thus, the quantity inside the squareroot symbol 
in equation (B3.3) is essentially the number of independent samples contained in the time 
interval tΔ  (analogous to the 100 people we sampled in our poll).  For climate applications, the 
trick is to make the number of independent samples so large (or, Δt so long) that the sampling 
uncertainty term in equation (B3.3) become negligible.  Of course, we are still left with the 
residual errors caused by uncertainty in the bias and slope errors of the instrument.         

To examine uncertainty in fluxes, we begin with an approximation to the net surface 
energy budget equation (1.1) as the sum of sensible and latent heat plus the net radiative flux 
components. 

   lnRRHHH snlsnet ++−−= .     (B3.4) 

The uncertainty in the net flux, netHδ , is estimated as 

           2
ln

2222 )()()()()( RRHHH snlsnet δδδδδ +++= .   (B3.5) 

If we want the net flux uncertainty on the order of 10 Wm-2 and, for example, we allow each 
term to contribute equally, then the individual terms would have to be accurate to 5 Wm-2 
(i.e., 4*25 = 100).  The uncertainty of each term is computed by expanding the fundamental 
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computation relationship as a series of partial derivatives of the fundamental measured variables 
(x, y, z…) that go into the estimate of the flux terms.  The uncertainties of each of those variables 
(δx, δy, δz…) gives an expression for the total error 

...)()()()( 2222 z
z
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x
FF δδδδ
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=     (B3.6) 

For a turbulent heat flux, we use equation (11.3), ** xuFx −=  and represent each scaling 
parameter in terms of measured variables: 

XCXXCxSCu xzsxd Δ=−=−= )())(()( 2/12/1
*

2/1
* ςςς .   (B3.7) 

Using (B3.7) in (B3.6) we have done the derivatives and expanded each system of 
equations for stress, sensible heat, and latent heat.  This involves combining all common terms 
resulting from the stability length derivative before squaring.  We will spare you the 25 pages of 
fascinating algebra and show just a few examples of the results.  To do this, we created an error 
computation program (bulk_err_3.m) where all of the algebra is coded without a single error.  
This program is accessed with a simple driver program (err_drive.m) in which basic conditions 
and the accuracy of the measurements are specified.  The accuracies are expressed as an offset 
and slope uncertainty for a linear measurement relationship 

ue=[.2 .03];%'true' wind speed relative to sea surface 
te=[.3 0];%sea-air temperature difference 
qe=[.3 0];%sea-air humidity difference 
 

In this example, the wind measurement is uncertain by a 0.2 ms-1 offset plus 3% of the 
reading.  In this case it is the wind error relative to the surface so it includes errors in the 
anemometer, the surface current, and the true wind computation.  Here we assume that the sea-
air temperature difference and the sea-air humidity difference suffer only from offset errors. 

We have run the program for tropical conditions.  The program graphs the errors as a 
function of wind speed for different values of the sea-air temperature difference.  In the TOGA 
COARE field program in the tropical western Pacific, the typical wind speed was 5 ms-1 and the 
sea-air temperature difference was 1.5 C.  These figures yield an uncertainty in bulk sensible flux 
of 1.5 Wm-2 and latent heat flux of 7 Wm-2 for a total uncertainty of the combined turbulent 
fluxes of about half our allowed total.  Errors in the radiometric components account for most of 
the remainder. 
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Figure B4.  The uncertainty in the turbulent heat flux computed by expanding the basic bulk flux 
relationships with matlab program err_driv.m where the instrument uncertainties are specified as 
above.  Different curves are for different values of the sea-air potential temperature difference, 
ΔΘ :  upper panel, sensible heat flux error; lower panel, latent heat flux error. 
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