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RESUMEN

Hemos usado el Modelo Termodinámico del Clima para estimar el efecto de variaciones en la cubierta de
nubes bajas sobre la temperatura superficial de la Tierra en el Hemisferio Norte durante el período 1984 – 1994.
Suponemos que las variaciones en la cubierta de nubes bajas son proporcionales a las variaciones del flujo
de rayos cósmicos medido durante el mismo período. Los resultados indican que el efecto en la temperatura
es más significativo en los continentes, donde para julio de 1991, hemos encontrado anomalías del orden de
0.7 °C sobre el sureste de Asia y 0.5 °C al noreste de México. Para un incremento de 0.75% en la cubierta de
nubes bajas, la temperatura de la superficie calculada por el modelo en el Hemisferio Norte presenta un
decrecimiento del orden de 0.11 °C; en cambio, para un decrecimiento de 0.90% en la cubierta de nubes bajas,
el modelo da un incremento en la temperatura del orden de 0.15 °C, estos dos casos corresponden a un factor
de sensibilidad climática de 0.14 °C/Wm−2, lo cual es casi la mitad del factor de sensibilidad climática para el
caso de forzamiento por duplicación de CO2 atmosférico. Estos decrecimientos o incrementos en la tempera-
tura de la superficie por incrementos o decrecimientos en nubes bajas son diez veces más grandes que la
variabilidad total de las series de tiempo del modelo sin forzamiento.

ABSTRACT

We have used the Thermodynamic Model of the Climate to estimate the effect of variations in the low cloud
cover on the surface temperature of the Earth in the Northern Hemisphere during the period 1984-1994. We
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ray modulated forcing on the global oceanic cloud cover during 1984-1990. They found that in the
NH the surface temperature present a decrease of ~0.01 °C in average. This decrease is almost
the same for continents and oceans. Nevertheless this value has the same order than the noise level
of the non-forced model and therefore the modulation of the oceanic cloud cover does not affect
significantly the surface temperature of the NH.

The purpose of the present work is to determine the changes in surface temperature induced
exclusively by changes in the low cloud cover for the period 1984–1994, when a reasonable correlation
between low cloud cover and cosmic rays has been found for the whole Earth.

2. The model
2.1 The Climate Thermodynamic Model
The model used here is the CTM (Adem, 1962), which assumes that the energy that maintains the
atmospheric circulation is the solar radiation, and therefore the fundamental problem is to explain
quantitatively how the transformation of radiant energy in mechanical energy is carried out.

The model consists of an atmospheric layer of about 10 km of height, which includes a uniform
and single horizontal cloud layer (the plane-parallel cloud assumption), an oceanic layer of 100 to
50 m in depth and a continental layer of negligible depth. It also includes a layer of ice and snow
over the continents and the ocean. The basic equations are those of hydrostatic balance, perfect
gas, continuity and conservation of thermal energy applied to the atmosphere-ocean-continent system.
A monthly time averaging of the variables is used. The details of the equations can be found in
Adem et al. (2000).

In the model used until now, the horizontal transport of thermal energy by ocean currents and
turbulent oceanic eddies is neglected and the thermodynamic energy equations are integrated using
an implicit scheme. In this way the problem is reduced to solve an elliptical differential equation for
the temperature in the mean level of the atmosphere. Then, the temperature of the surface can be
obtained through a linear algebraic equation based on the temperature in the mean tropospheric
level previously calculated. The horizontal and vertical heat transports, as well as the latent heat
released at the cloud level and the net radiation can be calculated using the computed surface
temperature and the computed temperature in the mean tropospheric level and its spatial derivatives.

The spatial integration of the model equations is carried out for the NH with the use of a grid
with 1917 points, which uses a polar stereographic projection with a constant grid distance of
408.5km (Adem et al., 2000). The resultant elliptical differential equation is solved as a finite
difference equation by the Liebmann relaxation method with an error of 0.001 °C (Thompson, 1961).

The CTM is suitable for obtaining hemispheric averages (20-90° in latitude) of different
meteorological variables and produces monthly, annual and seasonal predictions. Finally, we choose
the CTM because on one hand it is a coupled model of the continent-atmosphere-ocean system
that takes into account the feedback mechanisms inside this system, and on the other hand, it is
relatively easy to manipulate.
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2.2 Low cloud cover data
The low cloud data can be found at http://isccp.giss.nasa.gov/products/onlineData.html. We introduce
this data in the CTM. The CTM has a single horizontal cloud layer with the lower boundary at
2.5km and the upper boundary at 4.0km. In a more realistic situation clouds appear in three different
layers, therefore in order to compensate our approximation, the radiative parameters in the single
layer are the weighted average values of the radiative parameters in each layer (Adem, 1964). In
the present model, typically  when the cloud layer fraction is about 0.5, clouds reflect ~25 % of the
solar radiation, while when the cloud fraction is 1, clouds reflect 50 % back to space. The cloud
layer absorbs short wave radiation from the Sun proportionally to the fraction of the cloud cover, for
example when the cloud fraction is 0.5, the clouds absorb only 2 % of solar radiation, if the cloud
fraction is 1, the clouds absorb 4 %. In the CTM it is also assumed that the cloud cover absorbs
long–wave terrestrial radiation as a black body, thus the emitted radiation depends only on the
temperature. More details about the radiative treatment of the clouds are in Adem (1962).

In the CTM, the cloud cover is introduced assuming that it is formed by a climatic value (average
normal value) plus a fraction, which depends on the heat ceded to the troposphere by the condensation
of water vapour at the cloud level. In this case the anomalies in the cloud cover are the changes in
low cloud cover induced by change in the intensity of cosmic rays.

3. Results
3.1 The forced model
We ran the model introducing as only forcing the changes in the intensity of cosmic rays. We obtain
the monthly surface temperature anomalies in the continents, the oceans and the NH. These results
are shown in graphs; for all the data period of July 1984 to October 1994, we have left outside the
seasonal variability constructing 12-year running means. In figures 1 to 3 the heavy lines represent the
values, in percentage, of the changes in the low cloud cover, the thin lines corresponds to the surface
temperature anomalies calculated by the model and the dashed lines corresponds to the
observed surface temperature anomalies obtained from NOAA/NCEP reanalysis data available
at http://www.cdc.noaa.gov.

The results for the NH, the continents and the oceans shown in figures 1, 2 and 3, respectively,
indicate clearly that an increase in the low cloud cover produces in the model a decrease in the
surface temperature, and on the contrary a decrease in the low cloud cover produces an increase
in the surface temperature. The comparison between figures 2 and 3, shows that the extreme
values of the observed and calculated surface temperature anomalies are greater on the continents
that on the oceans, which must to that the oceanic layer of 50 to 100 m in depth stores considerably
more thermal energy than the continental layer of negligible depth.

Extreme values in the low cloud cover are observed in April of 1987 and April of 1992. In April
1987 it is observed an increase in the low cloud cover of 0.70% for the NH (Fig. 1), while the model
shows a cooling of −0.10 °C; in April 1992 a reduction in the low cloud cover of 0.95%, produces
a heating of the order of 0.15 °C. For April 1987 and April 1992, the corresponding anomalies in
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The modelled temperature is not similar to the observed temperature in any of the analyzed
cases, due to the fact that the observed temperature has various forcings which are not included in
the computed temperature that has as only forcing the low clouds.

Working with monthly values for the year 1987 to study seasonality, figures 4 and 5 show that on
the continental surface the cooling due to an increase in low cloud cover is smaller in January (Fig.
4) than in July (Fig. 5), nevertheless the oceans do not show this seasonal thermal contrasts. The
figures also indicate a noticeable thermal contrast between the oceans and continents, the cooling
is stronger on the surface of the continents that on the surface of the oceans, mainly in the month
of July. In January on the continental polar regions, above of 45° N, it is observed that the cooling
of the surface, produced by the reflection of the solar radiation due to the increase of the low cloud
cover, is damped and in great regions as Alaska, the northwest of Canada, north of Asia and Europe
the surface temperature anomalies change of sign as result of a long wave radiation balance between
the surface of ice and snow and the low cloud cover, which is assumed that absorbs and emits long
wave radiation as black body.

3.2 Climate model sensitivity factor
Most studies using external forcing are concerned with the incoming solar radiation and with the
atmospheric composition. Sensitivity studies compute the increase of the climatic variables
(temperature, humidity, etc.) due to an assumed increase or decrease of for instance 1% in the
solar constant (in short, ± 1% SC) or an assumed atmospheric CO2 doubling (2 × CO2). The solar
constant forcing are often applied to calibrate and compare models. The CO2 doubling is the common
reference level to estimate the anthropogenic global warming.

Figure 3. Oceanic surface
temperature anomalies using
12-year running means. Lines
as in Figure 1.
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1) On the surface of continents the cooling due to an increase in the low cloud cover is stronger
during the summer season than in winter season, while the oceans do not show this seasonal
thermal contrasts. The results also indicate a noticeable thermal contrast between the oceans
and continents, as the cooling is stronger on the continental surface than on the ocean surface,
mainly in summer, this is due to the ocean’s greater heat capacity.

2) In January, on the polar regions it is observed that the cooling of the surface, produced by the
reflection of solar radiation due to the increase in the low cloud cover, is damped as result of
a long wave radiation balance between the surface of ice and snow and the low cloud cover.

3) As the model used here has a low response factor to initial radiative perturbation (0.14 °C/
Wm−2), the surface temperature anomalies found should be considered as lower estimates.
Stronger anomalies should be found with higher sensitivity models such as the general circulation
models, which have sensitivity factor of order of 1 °C/Wm2.

4) If indeed cosmic rays are modulating the low cloud cover for time scales of the solar cycle,
we found that they have an appreciable effect on the surface temperature in some regions of
the continental part of the North Hemisphere, producing temperature anomalies of the order
of tenths of °C, competing with the forcing produced by anthropogenic CO2 emission.
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