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O
utline

•
Introduction
–

V
oluntary O

bserving S
hip (V

O
S

) air tem
perature

observations
–

E
xam

ple of heating errors

•
M

arine A
ir T

em
perature (M

A
T

) C
orrection

–
H

eat budget for a V
O

S
–

S
olution of the heat budget

•
Initial R

esults
–

Im
pact on m

arine air tem
peratures

•
S

um
m

ary



V
O

S
 observe m

arine air tem
perature (M

A
T

) using either
screens or psychrom

eters

W
ooden Screen

W
hirling psychrom

eter



H
ow

ever, the instrum
ent exposure can vary greatly from
ship to ship

W
ell exposed screen

Poorly exposed screen



V
O

S
 M

arine A
ir T

em
peratures and H

eating E
rrors

•
H

eating errors in the daytim
e M

arine A
ir T

em
perature (M

A
T

)
observations from

 m
erchants ships have been w

ell docum
ented,

e.g.
–

D
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.,  1950:   S
ystem
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G

oerss,  J.  S
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ffect of S

hip H
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ry-B
ulb

T
em
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easurem

ents in G
A

T
E

.   J.  P
hys.  O
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–
F

olland
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.  K
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aytim
e tem

perature m
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ents on w
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eather
R
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eteorological M
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,  100

,  6 - 14.

–
H

ayashi,  S
.,  1974:   S

om
e problem

s in m
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eteorological observations,
particularly of pressure and tem
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eteorological R

esearch
,  26,  84

- 87.

–
K

ent,  E
.  C

.,  P
.  K

.  T
aylor,  B
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opkins,  1993:   T
he accuracy

of voluntary observing ships’ m
eteorological observations - R

esults of the V
S

O
P

-N
A

.
J.  A

tm
os.  O

ceanic T
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V
O

S
C

lim
 H

eating E
rrors

•
V

O
S

C
lim

 project contains co-located V
O

S
 observations and

N
um

erical W
eather P

rediction M
odel output.

•
D

ata available for the period N
ovem

ber 2001 - present
distributed globally.

•
E

rrors estim
ated as the difference betw

een the observed air
tem

perature and the m
odel air tem

perature.

Data available from
:

http://w
w

w
.ncdc.noaa

.gov/oa
/clim

ate/vosclim
/vosclim

.htm
l

Data available from
:

http://w
w

w
.ncdc.noaa

.gov/oa
/clim

ate/vosclim
/vosclim

.htm
l
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V
O

S
C

lim
 H

eating E
rrors

Errors asym
m

etrical about m
idday

Errors asym
m

etrical about m
idday



D
evelopm

ent of C
orrection

1.
D

eterm
ine heat budget for ships environm

ent

2.
P

aram
eterize different com

ponents of heat budget

3.
S

olution of heat budget

4.
F

it solution of heat budget to estim
ated errors



B
ackground

•
C

orrection based on w
ork of A

nderson and B
aum

gartner (1998,
A

B
98) w

ho correct buoy M
A

T
 observations for heating errors by

balancing heat budget of instrum
ents

•
W

e
’ve determ

ined heat budget of ships environm
ent rather than

instrum
ents

•
W

e
’ve also extended the m

odel to allow
 a storage of heat by the

ships environm
ent

•
H

ow
ever,  w

e
’ve used the sam

e convective and conductive
cooling schem

e as A
B

98

•A
nderson,  S

.  P
.  and M

.  F
.  B

aum
gartner,  1998:  R

adiative heating errors in N
aturally

V
entilated A

ir T
em

perature M
easurem

ents M
ade from

 B
uoys.  J.  A

tm
os.  O

ceanic T
echnol.,  15,

157 - 173



T
he H

eat B
udget

Longw
ave m

odeled but found to
have negligible im

pact on results
Longw

ave m
odeled but found to

have negligible im
pact on results



T
he H

eat B
udget

m
=

 M
ass of ship [K

g]

c 
=

 S
pecific heat capacity of

       ship [J K
g

-1 K
-1]

T
ship  

=
 T

em
perature of ship [K

]

t 
=

 T
im

e [s]

Q
S

W
 

=
 R

ate of solar energy
       absorbed [W

]

Q
LW

=
 N

et transfer of therm
al

    energy [W
] (assum

ed
    negligible)

Q
C

O
N

V  =
 H

eat transfer betw
een

    atm
osphere and ship due

    to convection [W
]

Q
C

O
N

D
=

 H
eat transfer betw

een
    atm

osphere and ship due
    to conduction [W

]

•   A
pproxim

ating the ships environm
ent as a sim

ple hom
ogenous

system
 the heat budget can be expressed as;



T
he H

eat B
udget

•
U

sing
 the

 O
kta

 m
ode

l (D
obson

 and
 S

m
ith

,  1
988

) to
 estim

a
te

the
 

incid
en

t 
sh

ortw
ave 

ra
diation

 
an

d 
m

aking
 

a
 

num
ber 

of
ap

proxim
ations the

 hea
t b

ud
get can b

e expressed a
s

•
W

here
D

T
=

R
ad

ia
tive h

eating
 erro

r
S

inq
=

S
in

e of solar elevation
 (fun

ction
 of tim

e a
nd 

latitud
e)

a,b
=

C
o

efficien
ts fo

r the
 O

kta m
o

del
V

=
R

e
la

tive
 w

ind spe
ed

x
1 -x

5
=

C
o

e
fficien

ts to
 b

e de
te

rm
ined

 em
p

irica
lly

•D
obson,  F

.  W
. and S

.  D
.  S

m
ith,  1988:   B

ulk M
odels of S

olar R
adiation at S

ea,  Q
uart.  J.

R
oy.  M

et.  S
oc.,  114,  165 - 182.
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Corrected data (blue)

Note reduced diurnal cycle

Corrected data (blue)

Note reduced diurnal cycle



D
iurnal cycle of S

S
T

 (yellow
) and M

A
T

 (red) for the
N

orth A
tlantic,  July 1988

•
E

xpect diurnal cycle of M
A

T
 to

be sm
aller than diurnal cycle of

S
S

T



D
iurnal cycle of S

S
T

 (yellow
) and M

A
T

 (red) for the
N

orth A
tlantic,  July 1988

•
E

xpect diurnal cycle of M
A

T
 to

be sm
aller than diurnal cycle of

S
S

T

•
H

ow
ever, the M

A
T

 show
 a

m
uch larger diurnal cycle



E
stim

ation of heating errors using I-C
O

A
D

S

•
H

ence, w
e can use the observed m

inus night tim
e M

A
T

 as a
good 1st approxim

ation of the heating errors

•
T

his w
ill provide an upper lim

it on the estim
ated heating errors

•
S

im
ilar results can be show

n using the observed m
inus night

tim
e air - sea tem

perature difference

•
U

sing the observed m
inus night tim

e air - sea tem
perature

difference provides a low
er lim

it on the estim
ate of the heating

errors



E
stim

ated E
rrors for the N

orth A
tlantic (July 1988)

Estim
ated errors calculated

using day - night M
A

T
Estim

ated errors calculated
using day - night M

A
T



E
stim

ated E
rrors for the N

orth A
tlantic (July 1988)

Corrected data (blue)
Corrected data (blue)



N
orth A

tlantic M
arine A

ir T
em

perature
(12 m

onth running m
ean)

A
pproxim

ately 0.6 - 0.7 C difference betw
een day and

night M
A

T averaged over the North A
tlantic.  W

e’d
expect differences of 0.2 - 0.3 C at m

ost based on SST

A
pproxim

ately 0.6 - 0.7 C difference betw
een day and

night M
A

T averaged over the North A
tlantic.  W

e’d
expect differences of 0.2 - 0.3 C at m

ost based on SST



N
orth A

tlantic M
arine A

ir T
em

perature
(12 m

onth running m
ean)

Correcting the data brings the day and night tim
e values

into m
uch better agreem

ent.
Correcting the data brings the day and night tim

e values
into m

uch better agreem
ent.



S
um

m
ary and F

urther W
ork

•
V

O
S

 M
A

T
 observations contain large heating errors

•
T

hese errors are asym
m

etrical about m
idday,  suggesting a storage of

heat by the ships environm
ent

•
W

e can m
odel these heating errors using an analytical m

odel of the
heat budget of the ships environm

ent

•
F

urther w
ork includes

–
exam

ine heating errors and correction by subset,  e.g. country of
recruitm

ent,  instrum
ent type,  ship type etc.

–
U

se
 V

O
S

C
lim

 data and m
etadata to exam

ine the relationship betw
een the

heating errors, correction and fitted coefficients and the exposure of the
instrum

ents.
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