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Hemispheric ~ Energy Budgets ~ Cross-Equator Transport 2f.~
H.Lettau, University of Wisconsin

Area averages of surface energy budget constituents for
either hemisphere are interesting because they exhibit strong
annual cycles and can be coupled in ocean or atmosphere by cross-
equator transports of mass and heat~ It has been known for many
years that the area-average of mean precipitation excess over
evaporation is positive for the northern hamisphere, and negative
by the same amount for the southern hemisphere, as required by
the conditiom that world climate is in a steady state.In their re-
evaluation of global hydrology, Baumgartner and Reichel (1973)
re-determine this excess and obtain 72 mm/yr. As a fraction of

~
northern hemispherwprecipitation this excess amounts to 0.074,
which corresponds to a hydrologic runoff ratio .(C* = 0.074)
because it describes the discharge of water which, crosses (within
the world's ocean) the equator at the rate of 580,000 m3/sec •
Continuity requires a counterflow, that is an atmospheric "run-in"
across the equator towards the north. Using representative
meridional wind components and absolute/humidities at the main
isobaric surfaces for all geographic latitudes, Rasmusson (1972)
was able to show that at the equator the average meridional
transport of precipitable water is indeed northward and equivalent
to 54 mm/yr evaporation excess over precipitation on the southern
hemisphere. Rasmusson's atmospheric run-in ratio for the northern
hemisphere is 0.056 which is consistent within the tolerable error
limits of ! 15% with the hydrologic runoff ratio of 0.074.
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The cross-equator advection of vapor and return flow of}surface energy budgets of__the/
water establishes a coupling between the two hemispheres. While
the interchange of H20-substance occurs within a closed planetary
system, radiation fluxes from and to space make the hemispheres
an open system with regard to total energy. This does not exclude
coupling between hemispheric fluxes of sensible heat by cross-
equator transports in ocean or atmosphere. With regard to the ~cean
the only necessary restraint ( for a steady-state world climate)
is that the area-average of intake' of sensible heat by the ocean on
one hemisphere must equal the release on the opposite hemisphere.

Information on the hemispheric radiation bal~ce south of
, A

the equator used to be rather incomplete. The situation has been
, ,

improved since results of measurements from earth-orbiting
satellites became available. An evaluation of such data by Raschke ,
VonderHaar, Bandeen.& pgternak (1973) provided the annual hem~spheric

1\

averages which are summarized in the first three lines of Table 1.
Contrary to earlier speculations in the literature, the albedo
measurements on the southern half of our planet came out slightly

c~~ 'lower than on the northern half, wh~ch makes forI higher energy _
absorption than would follow from well-known astronomical eff~cts
of perihel and aphel.

Table 1 includes also independent appraisals of hemispheric
mean parameters necessary to estimate surface energy budget terms.
A variety of climatic factors appear to contribute towards raising
surface net radiation of the southern above that of the northern
hemisphere. It may suffice here to mention that these factors
include independent estimates of precipitable water, turbidity
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haziness, cloudcover. and surface albedo, under consideration
of probable range of their effect on heat budget constituents.
Effective mean surface temperatues are taken from are-evaluation
of world-wide climatic observations by Kessler (1968). The climatic
significance of combining the Angstroem ratio~ A* with the Bowen
ratio:',B* and the runoff ratio:,.c* was discussed by Lettau (1969).~

The hemispheric valuee of convective flux of latent heat into
the atmosphere were obtained by converting the evaporation rates
given by Baumgartner and Reichel (197)) from mm/yr to watts/m2•

For the southern hemisphere the Bowen ratio is
controlled by its oceanic value known to be 0.16 or less.
Establishing the range of possible B*-values for the southern
hemisphere fixes not only the value of convective flux of sensible
heat to the air,(~(s.H.).but also (via the surface energy-budget
equation) the value of conduction of sensible heat into t~ sea,
S (S,H.). Then, the restraining condition S (S.H.) = -S (N.H.)
is used whereupon. without any degree of freedom, the prescribed
R (N.H.) - E (N.H.) determines ~ (N.H.) and also the Bowen ratio.
This B* (N.H.), in turn, can be compared with independent
estimates for the northern hemisphere with its considerable land
cove~.

Clearly. the range of possible values indicated on Table 1
prohibits an unambiguous decision. It can only be suggested that
the possible solution S (S.H.) = ~ (N.H.) = 0 is an unlikely
borderline case, and that a more probable case is ~ (S.H.) = -~ (N.H.)
= 5 to 8 watts/m2 • This corresponds to a transport of JOO to

500 '1012 cal/sec across the equator from south to north.
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The climatic significance of meridional heat transport by
Ocean currents is generally acknowledged. Previously, it was
assumed to occur between low and high latitudes within each
hemisphere. If indeed cross-equator transport of heat exists
it may have climatic significance. A detailed investigation
of full annual cycles of heat budget terms for both hemispheres
simultaneously to clarify the coupling process appears well
justified.

--~.~--
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Table 1. Annual means of Area-Averaged Energy Budget Terms for
the southern and the Northern Hemisphere.
A solar constant of 1.95 oal/cm2 per min = 1360 watts/m2 is assumed,
all fluxes are given in watts/m2 and all ratios as fractions, total
hemispheric area = 255 .1012 m2,d= Stefan-Boltzmann constant,
e* = surface emissivity assumed to be 0.98.

N.H.

337
.287
240

.35 .34 to .36
161 158 to 154
287 287 to 289
377 377 to 387
.17 .17 to .18
64 64 to 70
97 94 to 84

Energy Budget Item
Shortwave Radiation Flux of Intercepted
Extra-atmospheric Irradiance (EI)
Effective Average Top-Albedo (a**)
Shortwave Radiation Flux Admitted~l-a**).EI
Fraction of Atmospheric Absorption
Shortwave Radiation Flux of Ground-Absorption(SW)
Effective Surface Temperature (Average T,Kelvin)
Longwave Flux of Ground Emission (e*~T4)
Effective Angstroem Ratio (A*)
Effective Flux of Ground Emission(LW=A*e*~ T4)
Net Radiation at Ground Surface,(li = ~ - ~)
Runoff Ratio (C*)
Convective Flux of Latent Heat to Air (g)
Bowen Ratio (B*)
Convective Flux of Sensible Heat into
the Atmosphere,(~ = B*E)
Remainder Term of Surface-Energy Balance = Con-
ductive Flux of Heat into Ocean,(S = li - li - ~)
(Constrained by ,S(S.H.) + a(N.H.) = 0)

343
.280
247

.33 to
165 to
285 to
367 to
.16 to
59 to

106 to
(trun-in)
82 to 84

,10 to .16

8 to 13

16 to 0

.05 to .07
71 to 73

.55 to .15

39 to 11

-16 to 0
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I I I I I I I I I I ICLIMATONOMY' EXPERIr~NT. employing North-Hemispheric, Averages cf Atmospheric
H20 Budget Ccnstituebts (E.P.&IMP) andl' Precipitable water (w). I I

I I I I I I I I I IGroundlevel Normals of E.P,IMP.&w'. in Comparison, with lO-r.ionth Period of Pertur.
bation simulating Effects of, the Katmai Event which began in June.1912, based
on To-pe~turbitionfand~iubseruentrchangl' es of p*. t*,-end-IMP.
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lliE. EIYE. WlJOB BESEBYOIRS QE lliE. l:!YDBOLQGI C CYCLE
MASSOF Hp IN RF.SWOIRS (UNI15 OF TEAAroNS, 1Tt = 1012m<s)

AISO RESIDENCETIME T* BASEDON DEPIErION BY MAJORProcESS RATE (Tt/YEAR)
-

CLOUD LAYER (I-lATER DROPS & ICE CRYSTALS) 0.082 Tt WITH T* - 0.00015 YEARS- 1.3 HOURS

II

I 51 Tt(m\R

r 534Tt~ I

TROPOSPHERIC VAPOR (PRECIPITABLE WATER)
13.7 Tt WITH T* ~ 0.025 YEARS - 9 OOS

- -
383 TtjYEI\R 28 Tt/YEAR 2 Tt/IDIR ,--

- U8Tt/YFllR

Ir
65 TtIXFAR

II
OCEAN WATER & ICEPACK ~IATER & ICE IN SOIL, LAKESS Srn-lPACK HUND ICE & GLACI ERS

,(~~~=E",;OI~'O},STURE , ? 23,000 Tt
1,370,000 Tt 'J< : 33 Tt/YEAR

WIlli T* - 11« 599 YEARS

WITH T* - 3,300 YEARS

2 Tt/YEAR - I-



lliE. ElYE. !"AJaR 1lESEBYQlliS_ QE lliE. lliDBQLOGIC CYCLE
RESERVOIR DEP'lH (M, WATER El;lUIVALENT), RESERVOIR AREA (A, FRPCTICN OF 510 ,101V =

EI\Rl'H'S SlffiFJICE AREA), AND INTERAC!'Iu; PRCCESS RATES (01 WATER/YEAR)

~

I
105 <l1/Y:E'1II< CN 1. 00 AI

CLOUDLAYER (HATER DROPS 2. ICE CRYSTALS)
BROKEN LAYER WITH PA=, 0.00035 M ON 0.45 A (CORRESPONDIN:i 'IO 0.16 MMCN 1.00 A)

_____ TI
10 O;!("i!¥$ ON 1. 00 A

l
TROPOSPHERICYAPC" (PRECIPITABLE WATER)

0.027 M ON 1.00 A
L-

74 CN/YJ;l\lLaLO~26 A lLq.l,IYEAR CN 0.03 A
~

-------' '--
~ OI/YR rn:M 0.7lA
I~ rr-----~

OCEANWATER& ICEPACK

3,790 M CN 0.71 A

49 OI/YR FRJM 0.26 A

_U~ _
~IATER& ICE IN SOIL, LAKES SI'l:MPACK
(EXCfWiGEABLESOILYOISTURE) 0.20 MONO. 26 A

'J< : ~ 01/YEIIR Fm1 0.26 A

\,,'

I NLANDICE & GLACIERS

1,500 M ON 0.03 A

I 13 CM/YEAR FRJM 0.03 A
l.-
I
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JlJE. E.lYE. MIIJOR RESERVOIRS QE JlJE. I:!YDRQLOGIC CYCLE

AND IDENTIFICATION OF !'AJaR INTERACTING PROCESSES (MIISS FLUXES AND TRANSPORTS)

CLOUD LAYER (\'/ATER DROPS •• ICE CRYSTALS) RESERWIR 5- ,
I III ,,
I RE-EVAPORATION ANDSUBLIMIITION I
I

,

I ICONDE"SATIO" ~"D DEPOSITION,:'
TROPOSPHERIC VAPCR (PRECIPITABLE WATER) "

RESERVOIR 4

1 ur '--
PRECIPITATION TO PRECIPITATION TO PRECI PIT~~~ TO ICE
OCEANS (!'OSTL Y RAI N) LANDS (RAI N & SNOW) (!'OS11 Y S -

I ~~~~~ON "
EVAPO~N,S lRATICl'l

10-
OCEAN WATER & I CEPACK ,lATER & ICE IN SOIL, LAKES, SI'DWPACK M.AND ICE & GLACIERS

(EXCHANGEABLE SO llJ"OlSTURE)
RESERVOIR 1

RESERVOIR 2 RESERVOIR ;>
I

r
-- - - - - - - RUNOFF IN RIVER CfWlNELS,

. 1
--- - - --- - -"

"
I CALVING OF INLAND ICE r



I.IiE. HYDROlOGIC CYC! E ill. TERMS D.E EYAPO-C! IMATONOMY
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SURFACE ENERGY BUDGET STUDY FOR TROPICS AND SUBTROPICS

FOUR TYPES (DAY AND NIGHT SCHEMES) AND EXAMPLES OF, REGIONAL CLIMATES
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HEMISPHERIC-ANNUAL MEAN NET RADIATION, AND HEAT FLUX DENSITIES RESULTING
FROM BALANCE REQUIREMENTS AT ATMOSPHERE-SUBMEDIUM INTERFACE

HEAT FLUX DENSITY (LY/DAY) NORTH HEMISPH, SOUTH HEMISPH,
Net Radiation, R
Latent Heat to Atmosphere, E
Sensible Heat to Atmosphere, 0
Sensible Heat to Subrnedium, S

CHARACTERISTIC RATIOS
Bowen Ratio, B mOlE
Evaporivity, v. = ElF

CROSS-EQUATOR FLUX-EQUIY, (LY/DAY)
Latent Heat in Atmosphere, 24.2

01

Sensible Heat
In Atmosphere, 12.!
In Submedium (Oceans) 7••3 v'

180.3
148.8
38.1
-7.3

.261

.465

Importing

Exporting
,

Importing

206.3
173.0

26.0
+7.3

.150

.514

Exporting

Importing
Exporting

HEMISPHERIC-ANNUAL MEAN RADIATION FLUXES AT ATMOSPHERE-SUBMEDIUM INTERFACE

NORTH HEMISPH, SOUTH HEMISPH,RADIATION FLUX DENSITY (LY/DAY)
SHORTWAVE RADIATION

Received at Interface, SW""',

Rejected by Interface, swt
Absorbed, SWi- SWt = F

LONGWAVE RADIATION
Emitted from Interface, LWt
Counterradiated to Interface, LW.
Effective Emission, Lwt - LW+
tiet Radiation = 51'1+ - swt + LW,,"- Lwt •• R---------- --------------

CHARACTERISTIC RATIOS
Surface Albedo, SWt/sw+,
Angstroem Ratio, (Lwt - LWt)/LWt,

376.8
56.5

320.3

801. 0
661. 0

140.0
180.3

.150

.175

397.5
61.5

336.3

786.6
656.6
130.0
206.3

.154

.165

--'.r----- ~...~__-~--- _



.f~t*

BALANCE EQUATIONS - PRIMITIVE EQUATIONS

Precipitable Water (w. in Atmospheric Column)

l-ff . E - P - A(Advective Export) I
Exchangeable So11moisture em, in SoU Column)I~.P - E - N(Runoff) I

EVAPO-CLIMATONOMY - METEOROLOGICAL VERIFICATION

aw
TranSformer Equstion: aT • I'- W I
Solution:w • woe-t + 8-1' 0 e+TWdt

Employing:

Dimensionless Independent Variable t

and Parameters of:

,Delay-Time: tit lD w/(P-p') 1where p' • Part of P related to E-A
Precipltivity: p* - P'/(E-A)
Evaporivity: v*. ElF where F • Solar Forcing; Consequently:
Effective Solar Forcing: IW. (E-A-P').t* • (v*F-A)-(l-p*)-t* I

EVAPD-CLIMATONOMY - HYDROLOGICAL VERIFICATION

am.Transformed Equation: at - M - m,
m e-1' + e-t f ttMdtSOLUTION: m •

---- 0 0

Employing: r:-:-ful
Dimensionless Independent Variable:c...:.l!J
and Parameterization Based on Process Separation:
N" Nt(P) + N"(m); E "" E'(P.F) + E"(m,F)

ti n and Runoff,("lmmediatell and "Delayedll Parts of Evapora 0

i E• E' + E" to Solar Forcing F)relat ng
Delay-Time Parameter: t* • m/(E"+N")

I (p E' - N').t>1Effective Solar Forcing: i,;M;...•...;;.._- .

-- -- --- ----
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