
122 CREATION RESEARCH SOCIETY QUARTERLY

THERMODYNAMIC ANALYSIS OF A CONDENSING VAPOR CANOPY
TRACY W. WALTERS*

Received 19 February 1991; Revised 21 May 1991

Abstract
A significant problem confronting vapor canopy theorists is the energy load on the atmosphere during the

collapse of the canopy. Previous attempts to quantify this energy load have indicated that atmospheric tempera-
tures would rise much too high to sustain life. However, up to this point the regulating effect of the ocean during
canopy collapse has not been addressed. This investigation develops a more detailed energy balance than used in
earlier work and also includes a simplified model to account for ocean-atmosphere coupling. Assuming that the
entire energy load is released during the 40 days of the Flood, the simplified model predicts that the upper
bound for canopy precipitable water is two feet.

Introduction
The possibility of a canopy of water vapor that rested

on top of the atmosphere during pre-Flood times has
generated a great deal of discussion by creationists. The
existence of such a canopy has been used to explain a
number of problems, including: 1. the source of water
that would permit 40 days and nights of rain during the
Noachian Flood, 2. the evidence for a more uniform
and temperate worldwide climate in earth history, and
3. the longevity of the ancient patriarchs.

Whitcomb and Morris, in their classic creationist
work The Genesis Flood, discussed the necessity of a
pre-Flood vapor canopy. The Biblical evidence for
the existence of a vapor canopy was exhaustively re-
viewed by Dillow (1981a). Dillow (1978, 1981a, 1981b)
argued that, based on his analysis, the pre-Flood at-
mosphere could have supported a vapor canopy that
would have provided an earth surface temperature
hospitable to life. In his model Dillow assumed a can-
opy that held 40 feet of precipitable water. This prop-
osition was challenged by Morton. Morton does not
agree with the evidence for a worldwide temperate
climate (1980), and thus asserts that the vapor canopy
hypothesis was invented to solve a nonexistent prob-
lem. Believing that Dillow’s assumptions were flawed,
he attempted his own analysis (1979, 1981), where he
concluded that a canopy with 40 feet of precipitable
water would not have been able to provide an hospit-
able surface temperature, but would in fact result in
surface temperatures over a thousand degrees. In
addition, Morton found a critical error in Dillow’s
analysis (Morton, 1982). Dillow acknowledged the
error, but proceeded to perform an improved analysis
with a more detailed model (1983). His results again
showed an hospitable earth surface temperature for a
vapor canopy containing 40 feet of precipitable water.

This matter was left in a rather unsettled state until
the recent work by Rush (1990). Rush used a much
more rigorous analytical tool to investigate the canopy
induced atmospheric temperature. Based on a detailed
one-dimensional radiation balance analysis, Rush found
that stable atmospheres would probably exist for vapor
canopies containing up to 34 feet of precipitable water.
However, surface temperatures increased dramatically
with canopy thickness, although not nearly as high as
estimated by Morton (1979). Rush speculated that the
addition of clouds to the model would likely lower
the surface temperature, but probably not enough to
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make feasible a canopy containing more than about
1.7 feet of precipitable water. These results were also
discussed in Rush and Vardiman (1990).

The issue of the amount of precipitable water in
the canopy is also of interest because of the effect of
increased atmospheric pressure on living things. In
today’s 14.7 psi atmosphere the partial pressure of
oxygen is about 3 psi. If the partial pressure deviated
too far from this value, certain physiological effects
can occur in humans, as well as in other animals and
plants. As the earth surface pressure increases, the
partial pressure of oxygen increases proportionally.
Dillow (1981a) realized that more than 40 feet of pre-
cipitable water in the canopy (resulting in a surface
pressure of 2.18 atmospheres) would likely be harmful
to life, and constructed his model accordingly. Addi-
tional work by Smith (1980) indicated that atmospheric
pressures above about 2 atmospheres were likely to
be harmful. Thus, it is generally accepted that an upper
bound for any hypothetical vapor canopy is about 40
feet of precipitable water.

Besides the surface temperature problem, Dillow
(1981a) discussed the problem of energy load on the
atmosphere during the canopy collapse. This energy
load results primarily from the energy released by the
canopy when it condenses. If it is assumed that all of
this energy is transferred into the atmosphere, Dillow’s
preliminary calculations showed an atmospheric tem-
perature increase on the order of thousands of degrees
during the canopy collapse. Dillow attempted to side-
step this significant problem by hypothesizing that
the canopy experienced a pre-collapse phase where
energy was gradually released over a period of about
a year, rather than just during the 40 days of the Flood.
This was a rather weak hypothesis, and more work
was clearly necessary. Rush’s later work did not ad-
dress this issue, although he acknowledged the prob-
lem and called for more work.

With Rush’s more detailed pre-Flood canopy tem-
perature profiles, a more indepth look at the collaps-
ing canopy energy load is possible. This investigation
attempts to improve upon Dillow’s analysis (1981a)
by adding the effects of ocean-atmosphere coupling.

A number of simplifying assumptions were made in
the analysis, and are summarized below:

Assumptions
1. Radiative transfer of the energy generated during

collapse is small when compared to the magnitude
of other energy sources.
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2.  All of the energy from the canopy collapse was
released at a constant rate during the 40 days of
the Flood.

3.  The energy released by the canopy during collapse
transfers directly to the atmosphere.

4.  The atmosphere can be represented as a bulk sys-
tem (i.e., a single node). This means that the at-
mospheric temperature at the ocean’s surface is
equal to the bulk atmospheric temperature because
the atmosphere is well mixed by gross turbulent
motion.

5.  The ocean can be represented as a bulk system
(i.e., a single node). This means that the ocean
surface temperature is equal to the the bulk ocean
temperature because the ocean is well mixed by
gross turbulent motion.

6.  The ocean is sufficiently massive and well mixed
that its temperature change is negligible when
energy is transferred from the atmosphere.

7.  The canopy and atmosphere structure is given by
the radiation balance results generated by Rush
(1990).

8.  Before the canopy collapses the ocean and atmos-
phere are in thermal equilibrium such that their
respective surface temperatures are approximately
equal.

9.  Evaporation from the ocean is negligible.
10.  The ocean surface area is equal to the earth surface

area (i. e., the whole earth is covered with water).
11. Energy sources into the atmosphere due to other

postulated cataclysmic geophysical phenomena
associated with the Flood are negligible.

12. Physical laws were not violated during the canopy
collapse.

Energy Balance
In general, the First Law of Thermodynamics can

be stated:

where work is defined positive when done by the
system, and heat is positive when transferred into the
system. The First Law describes how a system changes
during an energy exchange process, but does not ad-
dress the rate of change. However, it is usually the
case that the equilibrium is established quickly in a
system, so that the First Law can be used in rate
equations. Thus, by applying the First Law, a steady
state energy balance on the atmosphere during the
canopy collapse can be expressed:

where:

rate of sensible heat transfer from atmosphere
to ocean
rate of latent heat release from canopy
rate of sensible heat release from canopy
canopy potential energy

PEa = atmosphere potential energy
Ua = atmosphere internal energy
t    =  time

The quantities in brackets represent the same quanti-
ties as expressed in the First Law statement. The
change in the atmosphere’s potential energy is another
way to express the work done by the atmosphere.
This will be demonstrated in a later section.

For clarity, the atmosphere to ocean energy transfer,
is defined positive when flowing out of the system.

To be consistent with the First Law definition of posi-
tive energy transferring into the system. a negative
sign has been placed in front of     . Figure 1 shows
the energy terms accounted for in the analysis. It is
assumed that the atmosphere responds as a lumped
mass to these energy inputs (Assumption #4). Rearrang-
ing the energy balance:

(1)

Equation 1 states that in order to satisfy the First Law,
the entire energy load on the atmosphere, including
internal energy changes (everything on the right hand
side of Equation 1) must be balanced by the energy
transferring to the ocean. Each energy contribution
will be discussed in turn.

Latent Energy
Energy is released when the vapor canopy condenses

into liquid water. This energy due to the phase change
into a liquid (i. e., latent energy) is relatively constant
with temperature and is assumed to equal 1077 BTU/
lbm. The released energy is,:

Q c,l= mch lv (2)

where mc is the mass of the canopy and hlv is the
liquid to vapor enthalpy difference (the latent energy).
All symbols are defined in the nomenclature section.
The canopy mass, mc, can also be written

(3)

where ρω is the density of liquid water, A is the surface
area of the earth (= 5.49 x 1015 f t2), and AZW is the
thickness of the canopy when in liquid form. By com-
bining Equations 2 and 3 the latent energy can be
expressed

(4)

Figure 1. Schematic showing steady state energy balance on at-
mosphere.
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Sensible Energy
Sensible energy is transferred between the condensed

canopy waters to the atmosphere as it approaches the
atmospheric bulk temperature.  This energy is given
b y

Combining Equation 3 with Equation 5 gives

(6)

Dillow (1981a) approximated the temperature change,
Tc - Ta as being 75°C (135°F). However, this approxi-
mation is only reasonable if the final atmospheric
temperature is near 75 °F. As the final atmospheric
temperature increases, the sensible energy transfer
decreases.

Potential Energy of Canopy
The potential energy of the canopy was postulated

by Dillow (1981a) to transfer into the atmosphere
through frictional heating from falling raindrops. This
assumption is also retained. The canopy potential
energy is

P Ec = mcg zcg,c (7)

where g is the acceleration due to gravity (assumed to
be constant with altitude), and zcg,c is the center of
gravity of the canopy. Equation 7 can be rewritten by
combining it with Equation 3

(8)

Dillow’s (1981a) approximation for the canopy cen-
ter of gravity was felt to be inaccurate. A better ap-
proximation was therefore developed. In general, the
center of gravity can be expressed as

where ρ is the density of water vapor, z is altitude, zb

is the canopy bottom and zt is the top. The bottom
half of the fraction is merely the mass of the canopy
divided by the earth surface area. The equation thus
can be simplified to

Using the ideal gas law this can also be written

(9)

For a linear temperature lapse rate, the temperature
variation and pressure variation with altitude can be
expressed as

where λ is the temperature lapse rate. Substituting
these relationships into Equation 9 gives the following
integral

where:

(l0)

From an integral table it can be shown that the solu-
tion to Equation 10 is

Potential Energy of Atmosphere
Dillow (1981a) includes the effect of work performed

by the atmosphere in an isothermal expansion. A better
approximation is to account for atmospheric work as
the change in potential energy of the atmosphere. The
reasoning behind this assertion is given in the Appen-
dix. The change in potential energy can be expressed

(12)

where ma is the mass of the atmosphere ( = 1.14 x 1019

lbm.). From Rush’s results (1990), the atmospheric
temperature profile before the canopy collapse is ap-
proximately constant. The center of gravity for such
an isothermal atmosphere becomes:

Hess (1959) shows that the pressure variation in an
isothermal atmosphere is exponential:

where H = RaT/g is the scale height of the atmosphere.
Substituting in to the above equation gives

The solution to this integral is

For the atmospheric center of gravity at the end of
the 40 days, the top of the atmosphere, zt, goes to
infinity and, remembering that zb = 0, the center of
gravity reduces to the atmospheric scale height:
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z cg,a = H
Incorporating this into Equation 12 gives:

(14)
The additional subscripts i and f have been added to
denote the initial and final canopy conditions.

Internal Energy of Atmosphere
Dillow’s (1981a) assumption of an isothermal atmos-

pheric expansion did not allow him to consider the
internal energy change of the atmosphere. The internal
energy of the atmosphere before and after the canopy
collapse is easily determined with a relationship de-
veloped by Hess (1959). In summary, it can be shown
that

(15)

where Pt is the pressure at the top of the section of air
and zt is the altitude of the top. For today’s atmosphere
P t is equal to zero, making the last term of Equation
15 zero. However, this term is not zero when a canopy
is present. Adding together the internal and potential
energy gives

(16)

The pressure on the right hand side is just the hydro-
static pressure of the canopy. Thus,

(17)
Combining Equations 2, 16 and 17 gives

Ocean/Atmosphere Energy Transfer
A well accepted method for modelling sensible

energy transfer between the ocean and the atmosphere
under varying stability conditions is the “bulk aero-
dynamic method.” This method makes use of a simpli-
fied equation that correlated experimental data for
ocean-atmosphere sensible energy transfer. The energy
transfer is expressed by the following equation (with
our definition that positive heat flow is from the at-
mosphere to the ocean):

(19)

where K is found by experiment. K varies depending
on the investigator, although it is generally found to
be near 0.001. Equation 19 is an approximate correla-
tion that has been found to be valid over a wide
range of conditions. Good agreement with this correla-
tion has been demonstrated by Smith (1977) for a
location in the North Sea experiencing gale force winds
(50 mph). Kraus (1972) gives a value of 0.0013±.0003.
Kraus also discusses data for hurricanes that indicates
that the constant may be even higher under hurricane
conditions. However, the data is sketchy and no at-
tempt is made to use it here. Resch and Silva (1977)
performed detailed water/wind tunnel experi-
ments and determined a value of 0.003 for the con-
stant. However, most actual ocean data point to a
value much nearer 0.001. The data of Smith (1977)
encompasses very broad wind velocity conditions, and
therefore his value of 0.001 appears to be the best for
the present analysis.

Rearranging Equation 19

Heat transfer specialists will recognize the left side
of this equation as the nondimensional Stanton num-
ber. The variables V10 and T10 are, respectively, the
mean wind velocity and mean temperature at 10 meters
height above the ocean surface. With the assumption
of a single node atmosphere (Assumption #4), then V10

and T10 become Va and Ta, the atmosphere’s velocity
and temperature. These quantities represent averaged
values around the globe during canopy collapse.

Substituting these values into Equation 19 gives
(20)

where K = 0.001
It should be noted that application of Equation 19

in this analysis involves an extrapolation for which
there are no data. That the correlation retains its accu-
racy for this analysis is only an assumption. However,
as already mentioned, the data that do exist indicate a
value for K somewhere near 0.001. Thus, using the
correlation in this analysis appears reasonable.

Results
Combining Equations 4, 6, 8, 14 and 18, the right-

hand side of Equation 1 can be written

(21)

Table I. Comparison of energy quantities during canopy collapse.
Precipitable Total
Water (ft) Qc,l Q

c,s
PEc,i PEa,i PEa,f ∆ PEa Ua,i Ua,f ∆ Ua (BTU)

0.33 1.24E+20 5.16E+18 2.48E+19 4.04E+20 4.45E+20 4.11E+19 1.06E+21 1.12E+21 5.42E+19 5.82E+19

1.67 6.18E+20 2.58E+19 1.21E+20 4.73E+20 4.45E+20 -2.79E+19 1.40E+21 1.12E+21 -2.82E+20 1.08E+21

4.19 1.54E+21 6.45E+19 2.75E+20 4.62E+20 4.45E+20 -1.69E+19 1.59E+21 1.12E+21 -4.74E+20 2.83E+21

33.93 1.25E+22 5.23E+20 1.44E+21 2.14E+20 4.45E+20 2.31E+20 1.74E+21 1.12E+21 -6.20E+20 1.49E+22

Note: Final atmosphere assumed to be at 110°F and ocean assumed to be at 60°F.
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Figure 2. Relative energy magnitudes during canopy collapse for
the four canopies analyzed by Rush (1990). Final atmosphere as-
sumed to be at 110°F and ocean assumed to be at 60°F.

With an assumption of the mean canopy tempera-
ture after condensing, everything on the right-hand
side of Equation 21 is known except for the terms
containing Ta,f. For additional simplicity Equation 21
can be written

(22)

where E'Total is everything on the right side of Equation
21 not containing a Ta,f term.

Although results from Rush (1990) and Rush and
Vardiman (1990) indicate that the atmospheric surface
temperature before canopy collapse increases signifi-
cantly with canopy thickness, it is assumed for the
purposes of this study that the pre-collapse earth sur-
face temperature was hospitable to life. It should be
pointed out that this is somewhat inconsistent with
Assumption #7. Rush's results are used as initial condi-
tions only for the purpose of determining canopy po-
tential energy and the pre-collapse atmosphere poten-
tial and internal energy.

The energy load on the atmosphere during canopy
collapse results from the canopy/atmosphere initial
conditions described by Rush (1990). Table I shows
the magnitude of the terms in Equation 21. Since the
final atmospheric potential and internal energy and
the average sensible energy transfer from the canopy
are not known yet because of the yet to be determined
final atmospheric temperature (Ta,f), it is assumed for
discussion purposes that Ta,f is 110°F.

It is apparent from Table I that the latent energy
contribution is generally larger than the other energy
sources, especially above 4 feet of water. This is the
same conclusion reached by Dillow (1981a). Figure 2
shows the relative contributions to the energy load for
the four canopies that Rush analyzed. The total energy
load as a function of canopy precipitable water is
shown plotted in Figure 3.

It is interesting to note that the change in atmos-
pheric potential energy shown in Table I is positive
for the 0.33 and 33.93 foot canopies and negative for
the 1.67 and 4.19 foot canopies. This results from com-
peting effects on the change in atmospheric center of

gravity. From Equation 12 it can be seen that an in-
crease in the center of gravity (i.e., the center of grav-
ity moves upward) corresponds to a net increase in
potential energy. And conversely, a decrease in center
of gravity corresponds to a decrease in potential en-
ergy. Further, an increase in potential energy corre-
sponds to work being performed by the atmosphere
(an atmospheric expansion) and a reduction in total
energy load on the atmosphere (Equation 1). This
atmospheric expansion occurs for the 0.33 and 33.93
ft. canopies. On the other hand, the center of gravity
actually decreased for the 1.67 and 4.19 ft. canopies,
resulting in work being performed on the atmosphere
(an atmospheric contraction). This condition adds to
the total energy load.

It is easy to visualize how the atmosphere would
expand with the collapse of the canopy, because of
the removal of the canopy weight. However, the can-
opy itself also induces a particular temperature distri-
bution within the atmosphere, which also affects the
mass distribution. The nature (and magnitude) of this
distribution influences the location of the atmospheric
center of gravity, just as the canopy weight does. The
result is that the canopy weight, which compresses
the atmosphere, plays a stronger role for the 0.33 and
33.93 ft. canopies, while the initial canopy induced
temperature and mass distribution plays a stronger
role for the 1.67 and 4.19 ft. canopies. This can be
seen from Table I.

A similar line of reasoning holds for the atmospheric
internal energy change. The relationship between the
atmospheric potential energy and internal energy is
given by Equation 15. In (15) it is seen that the atmos-
pheric internal energy depends on the canopy base
pressure. This dependence is what leads to the sign
difference in Table I between potential and internal
energy change for the 33.93 ft. canopy.

In order to satisfy the First Law, the energy transfer
to the ocean must equal the total energy load shown
on the far right in Table 1. Using (20) and (22), Equa-
tion 1 can be simplified to

Figure 3. Energy load on the atmosphere vs. amount of precipi-
table water in the canopy (final atmosphere assumed to be at 110°F).
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Canopy Thickness (ft of water)

Figure 4. Atmospheric temperature vs. amount of precipitable
water in the canopy for various average wind speeds around the
earth (T0 = 60°F).

where the f subscript has been dropped and it is to be
understood that we are calculating Ta at the final con-
ditions at the end of the 40 days. The average ocean
temperature is not in fact a known term, but a reason-
able approximation can be made in light of Assump-
tion #8.

The rates of energy release, ∆ E'Total/ ∆ t, are constant
for a given canopy thickness and assumed to be the
average value over 40 days (Assumption #2). Since
the specific heat of air is fairly constant with tempera-
ture, and the ocean temperature is assumed known,
the only other variable in Equation 23 besides Va is ρ a,
the density of air at the base of the atmosphere (i.e.,
at the ocean surface). The density will be affected by
the change in air temperature and the change in air
pressure at the surface. However, at the end of the 40
days, the canopy weight will have been removed and
the pressure will be one atmosphere. Thus, using the
ideal gas law with the surface pressure equal to a
constant 1 atm., (23) can be written

Canopy Thickness (ft of water)

Figure 5. Enlargement of Figure 4 showing atmospheric tempera-
ture vs. canopy precipitable water thickness (T0 = 60°F).

where:

C 1 = KPacp,aA/Ra

C 2 = T0

C3 = ∆ E'Total/ ∆ t
C4 = (macp,a + ρ wA ∆ zwcp,w)/ ∆ t

After some algebraic manipulation, this reduces to a
quadratic equation of the form:

This can be solved using the quadratic formula yield-
ing:

Equation 24 relates the atmospheric driving temper-
ature for various wind speeds that is required to trans-
fer the energy load summarized in Table I. Equation

Canopy Thickness (ft of waler)

Figure 6. Atmospheric temperature vs. canopy precipitable water
thickness for various average wind speeds around the earth (T0 =
50°F).

24 is plotted parametrically in Figure 4 for an average
ocean temperature of 60°F and mean canopy tem-
perature after condensation of 212°F. The scale of
Figure 4 is expanded in Figure 5 for clarity. It is ap-
parent from Figures 4 and 5 that the wind velocity
has a significant effect upon energy transfer from the
atmosphere to the ocean, with higher wind velocities
resulting in greater energy transfer, as expected.

A 60°F ocean temperature appears reasonable if
Assumption #8 is true. For completeness, results are
shown in Figure 6 for an average ocean temperature
of 50°F and in Figure 7 for an average ocean tem-
perature of 70°F. (Today’s average ocean temperature
is near 40°F. ) The primary effect of varying the ocean
temperature is to shift the scale of Figure 5-7 up and
down.

Although the atmospheric temperature in Equation
24 technically represents the final temperature at the
end of the 40 days, it is a simple matter to show that
with a constant energy input the temperature would
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Canopy Thickness (ft of water)

Figure 7. Atmospheric temperature vs. canopy precipitable water
thickness for various average wind speeds around the earth (T0 =
70°F).

remain relatively constant at Ta for the entire 40 days.
After the 40 days the rains ceased and the atmosphere
would have begun to establish a new equilibrium tem-
perature profile, probably similar to the present one.

Since the atmospheric temperature remains fairly
constant over the 40 days, a Ta of 110°F is a reason-
able upper boundary that sustains life on the ark. This
would allow a pre-collapse average earth temperature
of 60°F to increase 50°F. In addition, it is difficult to
conceive of an average wind speed around the globe
greater than 50 mph, although this may be possible.
Using these two constraints, inspection of Figure 5
indicates that a canopy thickness of about 2 ft. of
precipitable water is the maximum allowable that per-
mits life to survive.

It is interesting to note that this is similar to the
conclusion made by Rush (1990) based on radiation
balance considerations. These two independent indi-
cators (Rush’s results and the results presented here)
give strong evidence that the vapor canopy as con-
ceived by Dillow probably contained much less than
40 feet of precipitable water. It should be noted, how-
ever, that the atmosphere/vapor canopy structure an-
alyzed by Dillow and Rush is only one possible struc-
ture. Perhaps another structure can be conceived which
holds 40 feet of precipitable water but is not subject
to these constraints.

Ramifications of a Thin Canopy
If the upper limit for precipitable water in a hypo-

thetical canopy is really 2 ft., is the Vapor Canopy
Theory then disproved? This question deserves care-
ful consideration by creationists. If rainfall is to be
maintained around the clock for 40 straight days, then
2 ft. of water in the canopy could supply, on the
average, about 0.5 inches of water a day for 40 days.
Although 0.5 inches a day of rainfall is not torrential,
it is nevertheless not insignificant. Dillow (1981a) as-
sumed that the downfall must have been very heavy,
but is this really so? And did the rainfall have to cover
the entire earth? Could it have been concentrated near
the equatorial belt, with lighter rains in the more ex-
treme latitudes? If so, then the equatorial regions could
have received 1-2 inches a day, which my experience
tells me is quite a bit of rain. The preliminary conclu-
sion, therefore, is that a thin canopy (with about 2 ft.

of water) may have been adequate to supply the re-
quired rainfall for 40 days and nights.

Discussion of Assumptions
Assumption 1 does not rule out radiative energy

transfer altogether, only net radiative transfer. The
radiative energy from the sun was in balance with
reradiated energy from the earth before the canopy
collapsed, so that any additional radiated energy ef-
fects would be effectively superimposed on the initial
radiation balance. Since radiation energy transfer is
not very efficient at the low temperatures of interest,
and the magnitudes of the released energy are com-
paratively large, the effects of radiation energy trans-
fer can be neglected. It should be noted, however,
that at the higher temperatures shown in Figure 4
(~1000°F) that radiative effects would become sig-
nificant. In addition, if the atmosphere increased above
212°F the rain water would boil and evaporate. For
these two reasons the model becomes less accurate as
the temperature increases to large values. However,
the constraints previously obtained at lower tempera-
tures would still remain valid.

Along the same line, a question arises as to whether
the processes involved in a collapsing canopy could
change the earth radiation balance sufficiently to affect
the energy balance developed in this investigation.
Probably not. The mean solar energy rate to the earth
is roughly 1.5 x 1017 BTU/hr, or 1.4 x 1020 BTU if
integrated over 40 days. This is the total energy from
the sun to the earth. However, any possible change to
the planetary radiation balance would have to be only
a fraction of this total. Keeping this in mind, a com-
parison with Table I shows this quantity to be about
10% of the 1.67 ft. canopy. Thus the total energy from
the sun is much smaller than the collapsing canopy
energy load when the canopy is 1.67 ft. thick. Since
only a fraction of this total energy could be involved
in a net radiation balance change, this contribution
can be ignored for the majority of cases we have
considered. Since the total solar energy is about twice
that of the energy load for the 0.33 ft. canopy, there
could be some effect there. However, a detailed anal-
ysis would likely show the planetary radiation balance
changes to be insignificant in this case as well. In any
case, the conclusion about the 2 ft. canopy limit re-
mains intact.

It seems reasonable that a relatively constant rainfall
occurred during the Flood, so the assumption of con-
stant energy transfer rates (Assumption #2) also ap-
pears reasonable. That the entire canopy condensation
process occurred during the 40 days of the Flood is
more difficult to ascertain. This uncertainty, in fact, is
what Dillow (1981a) used to sidestep the whole energy
load issue. Before the Flood rains began, the canopy
would have had to already begin to condense so that
waters were available to supply the rain. However, it
is doubtful that significant condensation could have
occurred without prematurely destabilizing the can-
opy/atmosphere system. Therefore, the condensation
process would probably have taken much closer to 40
days than the 500+ days assumed by Dillow. Thus,
some relief on the energy load may be possible, but
not enough to significantly change the results of this
analysis.



VOLUME 28, DECEMBER 1991 129

Assumption 3 is more difficult to justify. It is not
clear how much energy from canopy condensation
would heat the vapor in the canopy (and stop the
condensation process), and how much would transfer
into the atmosphere. A detailed look at the dominating
mode of heat transfer in the canopy may be necessary
to answer this question.

Under Assumption 4 a single node atmosphere is
assumed. It seems reasonable that large atmospheric
disturbances during the canopy collapse and the Flood
would result in strong mixing of the atmosphere. It is
not clear how uniform the resulting atmospheric tem-
perature profile would be. It is clear, though, that a
single node assumption permits us to obtain reason-
able results. The next step may be to assume a two
node model of the atmosphere, which could change
the results of this analysis, although probably by less
than a factor of three. A two node model would allow
an atmospheric temperature gradient that was hospit-
able at the ocean surface, but much higher at the top
of the atmosphere.

Assumptions 5 and 6 appear very reasonable in view
of the ocean’s very large thermal capacitance and
hence ability to absorb large amounts of energy. Al-
though prior to the Flood the ocean would probably
have been stratified, a mixing mechanism as would
be expected during the Flood would serve to keep
the ocean fairly well uniform in temperature. (Editor’s
note: See Smith and Hagberg, 1984, for possible rea-
sons for stratified Flood waters.)

Assumption 7 is somewhat inconsistent with assump-
tion 8. The whole basis for this analysis is that hospit-
able earth surface temperatures existed before the
Flood. However, Rush’s results (1990) showed other-
wise. What is essentially assumed, therefore, is that
there was a rapid change from Rush’s high atmospheric
temperatures to hospitable surface temperatures in the
lower atmosphere.

Assumption 9 appears reasonable in light of the fact
that evaporation would add energy to the atmosphere
by mass transfer, but would remove a roughly equiva-
lent amount of energy from the atmosphere in order
to drive the evaporation. The reason for this is that
energy must be taken from the atmosphere to evapo-
rate the water from the ocean surface, thus resulting
in a cooling of the atmosphere. In addition, evapora-
tion would be self-limiting, because the atmosphere
would approach a saturated condition and evaporation
would gradually decrease.

Another consideration is whether the atmosphere
will become saturated due to the rain falling through
it. If this happened, the saturation pressure of the
atmosphere could exceed that of the ocean surface
because of the higher temperature in the atmosphere.
This then could allow additional energy transfer
through mass transfer of vapor from the atmosphere
to the ocean. However, calculations show that the
amount of vapor needed to exceed the ocean partial
pressure of water vapor would be on the same order
as the rainfall itself. Thus, it is concluded that evapo-
ration from the ocean or condensation at the ocean
surface are not significant effects.

Since most of the earth surface is covered by water,
and this was probably the case before the Flood as well,
the possible error introduced by Assumption 10 is small.

Since there is no way to characterize “the other
energy sources” in Assumption 11, assuming that other
sources are negligible is the only practical approach
at this point. It should be noted, however, that
many creationist Flood scenarios involve considerable
amounts of energy transfer into the atmosphere, thus
aggravating the problems outlined in this investigation.

A final word is in order concerning Assumption 12.
It seems to the author that any creationist models that
require violation of physical laws, especially for ex-
tended time periods, should be viewed critically. An
investigation by Johnson (1986) took this approach. It
is true that the Creator can override the “laws” of
nature as we know them, but it is also true that He
rarely chooses to do so. A look at the Biblical account
of the Flood shows the Creator working His purposes
through natural means. For example, the Creator could
have removed all the men and animals He planned to
destroy in the Flood by merely speaking a word. But
instead, He chose to work through the natural elements
by using a Flood to destroy the earth, and using a
wooden ark, built by Noah, to preserve Noah’s family
and the animals. It would seem inconsistent with the
context of the account (although certainly not impos-
sible) for the Creator to have employed large scale
miracles here and there to solve energy balance prob-
lems that arose.

Perhaps an even greater reason against using miracles
in creationist models is that aside from Scriptural evi-
dence, there is no way to determine whether the said
miracles actually occurred. So what good are the
models? If, on the other hand, there is clear Scriptural
evidence for a miraculous process (e.g., the gathering
of the animals to the ark), then this can be more con-
fidently incorporated into creationist models.

Conclusions
A more detailed model of the thermodynamics oc-

curring during the collapse of the vapor canopy was
developed which included the effect of ocean-atmos-
phere coupling. Results indicate that the canopy struc-
ture as conceived by Dillow could not have contained
much more than 2 ft. of precipitable water. Although
additional work may modify this conclusion, it appears
unlikely that the results could be changed significantly.
Vapor canopy theorists should incorporate this con-
straint into their thinking, or develop a new model of
the canopy which is not subject to this constraint.

Recommendations
1. A more detailed model of the atmosphere may alle-

viate somewhat the results obtained from the single
node model. Specifically, a two node model of the
atmosphere would allow a temperature gradient to
exist, which may lower surface temperatures, thus
allowing more water in the canopy. However, it
appears unlikely that this could increase the allow-
able water in the canopy by more than a factor of
three.

2. An analysis of the heat transfer mechanisms within
the canopy would show whether the energy released
would transfer into the atmosphere or be stored in
the canopy itself.

3. A more rigorous analysis of the pre-Flood period
in which the canopy began to collapse may place
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an upper bound on the allowable time in which to
transfer the energy load.

4. More thinking about other possible canopy struc-
tures should be done. The main obstacle to confront
is the latent energy release, so effort should be
directed at minimizing this contribution.
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Nomenclature
surface area of earth
specific heat at constant pressure
specific heat at constant volume
energy
gravitational acceleration
liquid/vapor enthalpy difference (heat of
vaporization)
atmosphere scale height (RT/g)
mass
pressure
potential energy
rate of heat transfer from atmosphere to ocean
rate of latent heat release from canopy
rate of sensible heat release from canopy
gas constant
temperature
time
internal energy
velocity
work
altitude
center of gravity

A =
c p =
c v =
E =
g =
h lv =

H =
m =
P =
PE =

=

Q c,l =
Q c,s =
R =
T =
t =
U =
V =
W =
z =
z c g  =

Greek symbols

λ = lapse rate (∆Τ/ ∆ z)
ρ = density

Subscripts
a =
b =
c =
cg =
f =
i =
l =
lv =
o =
s =
t =
w =

atmosphere
base or bottom
canopy
center of gravity
final conditions
initial conditions
latent
liquid to vapor
ocean
sensible
top
water (liquid)

References
CRSQ—Creation Research Society Quarterly
Dillow, J. C. 1978. Mechanics and thermodynamics of the pre-Flood

vapor canopy. CRSQ 15:148-159.

. 1981a. The waters above: the earth’s pre-Flood vapor
canopy. Moody Press. Chicago.

1981b. Reply to Morton: the canopy CAN hold water.
CRSQ 17:229.

1983. The vertical temperature structure of the pre-
Flood vapor canopy. CRSQ 20:7-14.

Hess, S. L. 1959. Introduction to theoretical meteorology. Holt-
Dryden. New York.

Johnson, G. L. 1986. Global heat balance with a liquid water and
ice canopy. CRSQ 23:54-61.

Kraus, E. B. 1972. Atmosphere-ocean interaction. Clarendon Press.
Oxford.

Morton, G. R. 1979. Can the canopy hold water? CRSQ 16:164-169.
.1980. The warm earth fallacy. CRSQ 17:40-41.
.1981. Reply to Dillow. CRSQ 17:229-230.
.1982. Comments on The waters above. CRSQ 19:78-80.

Resch, F. and J. P. Selva. 1977. Experimental study of momentum
transfer, heat and water vapor fluxes under different stability
conditions. In Farre, A. and K. Hasselman (Editors). Turbulent
fluxes through the sea surface, wave dynamics, and prediction,
volume 1. Plenum Press. New York. pp. 81-98.

Rush, D. E. 1990. Radiative equilibrium temperature profiles under
a vapor canopy. Institute for Creation Research (M.S. thesis). El
Cajon, CA.

Rush, D. E., and L. Vardiman. 1990. Preflood vapor canopy radia-
tive temperature profiles. Proceedings of the Second Intern-
ational Conference on Creationism. Pittsburgh, PA.

Smith, E. N. and S. C. Hagberg. 1984. Survival of freshwater and
saltwater organisms in a heterogeneous Flood model experiment.
CRSQ 21:33-37.

Smith, S. D. 1977. Eddy fluxes of momentum and heat measured
over the Atlantic Ocean in gale force winds. In Farre, A. and K.
Hasselmann (Editors). Turbulent fluxes through the sea surface,
wave dynamics, and prediction, volume 1. Plenum Press. New
York. pp. 35-50.

Smith, T. L. 1980. The effect of elevated atmospheric pressure on
living things. CRSQ 17:106-109.

Whitcomb, J. C. and H. M. Morris. 1961. The Genesis Flood. Pres-
byterian and Reformed. Philadelphia.

Appendix
The change in atmosphere potential energy is ex-

pressed in Equation 12. As shown in the equation, the
change is calculated by determining the change in the
atmosphere’s center of gravity. Calculating work by
assuming an idealized expansion process (such as iso-
thermal) is not accurate because the atmosphere is not
undergoing an idealized thermodynamic process. In
reality, great quantities of heat are being transferred
into the atmosphere while it is expanding/contracting.
An easier way to account for the work performed on or
by the atmosphere is to determine the change in poten-
tial energy of the atmosphere. Once the potential energy
is determined, the internal energy is easily found from
Equation 18. This is possible because we know (approxi-
mately) the initial and final conditions of the atmosphere.

The equivalence of potential energy change and
work performed can be best understood by employ-
ing an analogy. Consider an insulated gas-filled con-

(a) (b) (c)

Figure 8. Illustration of work/potential energy analogy.
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tainer that supports two weights (Figure 8a). The gas
in the container represents the bouyant effect of the
atmosphere, and the two weights represent the weights
of the canopy and the atmosphere. When the canopy
weight, mcg, is removed, the gas will push the atmos-
phere, mag, upwards a distance ∆ z (Figure 8b). This
distance is the change in potential energy of the at-
mosphere, and it is equal to the work performed by
the gas.

The analogy can be extended further by considering
an active heat source element transferring energy into

the gas as it expands (Figure 8c). This energy transfer
during expansion/contraction further changes the state
of the gas and, hence, changes the height of the atmos-
phere, thus affecting the amount of work performed.
With these considerations in view, it is apparent that
the total work performed by the gas (and, by analogy,
the atmosphere) is equal to the change in potential
energy of the atmosphere. The internal energy of the
atmosphere also changes, and can be calculated with
a knowledge of the initial and final conditions of the
atmosphere.

QUOTE
This find of fossil caddis pupae is quite remarkable, considering this stage lasts only about two weeks in the

trichopteran life cycle, and how fragile the animals are at that precise moment when the most intensive histolysis
of the larval tissues takes place. When natural mortality of the pupa occurs, the dead tissues decay rapidly (in a
few days) and only an empty, floppy pupal cuticle remains in the case. Evidently, the caddisflies were encrusted
very rapidly, just before emergence, at the precise moment when the tissues became firm; but the tissues
themselves are not preserved and the two specimens are natural moulds of external surfaces of the pupae.

Hugueney, M., H. Tachet, and F. Escuillie. 1990. Caddisfly pupae from the Miocene indusial limestone of Saint-
Gerand-Le-Puy, France. Paleontology 33:498
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