
C*^- teOfW—/ 

UCRI.- JC-110846 
PREPRINT 

Comments on Possible Causes of Recent 
Global Warming 

Philip B. Duffy 

This paper was prepared for submittal to the 
Fourth Symposium on Global Change Studies 

of the American Meteorological Society 
Anaheim, California 
January 17-22, 1992 

pr-(M=tV r r"D 

OSTl 
September 24, 1992 

This is a preprint of a paper intended for publication in a journal or proceedings. Sine? 
changes may be made before publication, this preprint j£ made available with the 
understanding that it will not be cited or reproduced without the permission of the 
author. 

MASTER , 
8ISTBIBUTI8B OF THIS DOCUMENT IS URUHHTHJ 



DISCLAIMER 

This document was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Governments nor the University of California nor any of their 
employees, makes any warranty, express or implies, or assumes any 
legal liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial products, 
process, or service by trade name, trademark, manufacturer, or 
otherwise, does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United Stated Government or 
the University of California. The views and opinions of authors 
expressed herein do not necessarily state or reflect those of the United 
States Government or the University of California, and shall not be 
used for advertising or product endorsement purposes. 



COMMENTS ON POSSIBLE CAUSES OFRECENT GLOBAL WARMING 

Philip B. Duffy 

Lawrence Livermorc National Laboratory 
P. 0 . Box 808, L-59 

Livermore, CA 94551 

V. INTRODUCTION 

Several recent papers have speculated 
thai the solar luminosity varies on 50 - 100 
year timcscales and that these variations are 
respons ib le for much of the global 
temperature change observed over the last 
century. Reid (1987, 1990) suggested that 
changes in the number of sunspots at the 
peak of the 11-year cycle coincide with 
changes in solar l uminos i ty . F r i i s -
Christcnsen a n ] Lassen (1991) suggested 
that the length of the solar activity cycle is a 
better surrogate indicator of luminosity than 
the amplitude. 

I test these suggestions by looking for 
t'.me lags between changes in the supposed 
solar forcing and observed temperature 
changes. IF solar cycle amplitudes drive the 
climate, changes in these amp<'^udes should 
precede observed temperature changes, and 
the time lag should be calculable. The same 
applies to solar cycle lengths if these drive 
the climate. Negative time lags or large 
differences between observed and calculated 
time lags would rulo out a causal link. 

2. DATA ANALYSIS 

I performed lag-correlation analyses 
between both solar cycle lengths and 
amplitudes and seven different temperature 
indicators. These are: the Hansen and 
Lebedeff (1987) LATs (both northern and 
southern hemisphere); SSTs from the United 
Kingdom Meteorological Office (UKMO), 
taken from Houghton, Jenkins, and Ephraums 
(1990), again f-.:r each hemisphere 

separately; SSTs from the Combined Ocean-
Atmosphere Datasct (COADS) for tropical 
and extra-tropical latitudes (Woodruff et al., 
1987); and the duration of summer sea ice 
around Iceland, obtained from Fr i i s -
Christensen and Lassen. Figure I shows each 
of these temperature records and the solar 
cycle lengths, which have been inverted and 
re-scaled for easier comparison to the 
temperatures. Table 1 shows the results of 
the lag correlations; for each temperature 
record the peak correlation coefficient and 
the corresponding time lag arc shown for 
both assumed solar forcings. Positive time 
lags mean temperature changes follow 
changes in forcing. 

As Fr i i s -Chr i s tcnsen and Lassen 
suggest, changes in solar cycle amplitudes 
general ly precede tempera ture changes 
(colamn 3 of Table 1). Thus the climate 
cannot be driven by solar luminosity changes 
which coincide with changes in cycle 
ampl i tudes , s ince this would violate 
causa l i ty . 

When luminosity is assumed I.J vary 
with solar cycle lengths, on the other hand, 
changes in SSTs follow "luminosity" changes 
by 20 or 30 years, and the lag for land air 
tempera tures is about half as long. 
Interestingly, in both the Hansen and 
Lebedeff LATs and the UKMO SSTs, the 
southern hemisphere responds more slowly 
than the northern, presumably because the 
south has more water, hence a higher heat 
capacity. The time lag of -5 years between 



solar cycle lengths and the sea ice is 
proba'ul"' not significantly different from 
zero. V.J;'o. ray correlation coefficient for the 
northern hemisphere air temperatures is 
lower than that of Friis-Christcnsen and 
Lassen, presumably because they used a 
smoothed version of the data while I used the 
raw data, which contains high-frequency 
variations that do not correlate with the 
slowly varying forcing function. 

3. MODELING 

If the solar forcing hypothesis is 
correct, the observed time lags in Table 1 
should agree with those calculated using 
climate models. I use here a one-dimensional 
upwelling-diffusion ocean model (Hoffcrt et 
al., 1980), driven with radiative forcing 
proportional to solar cycle lengths. The 
model does not explicitly calculate any 
feedback effects, but accounts for them with 
an overall sensitivity of SSTs to changes in 
radiative forcing, here chosen to be 0.68 
K/(W m~%), equivalent to a change in flux of 
4.4 W m"^ and a temperature increase of 3.0 
K per doubling of C02- With this sensitivity 
a change in solar irradiance of about 1.8 W 
m"2 or 0.5% of the mean flux at the top of the 
atmosphere would be needed to give a half-
degree temperature increase since 1880. Fig. 
2 shows the assumed solar forcing, expressed 
in terms of an "equilibrium temperature" 
and the resuliing calculated SSTs. The model 
predicts a time lag of 5 years, calculated 
exactly as above for the observed SSTs. Even 
large changes in the other relevant model 
parameters (the overall sensitivity, 
up welling velocity and vertical diffusion 
coefficient) do not give lags longer than 8 
years. (Ti;«, time to adjust to an instantaneous 
doubling of CO2, which is calculated 
differently, is, of course, quite sensitive to 
the model parameters.) 1 conclude that ihe 
large difference between the observed and 
calculated lags, as well as the strong 
insensittvity of the calculated lag to the 
model parameters, make it highly unlikely 

that climate forcing is tied to solar cycle 
amplitudes. 

4. FORCING CHANGES VS. "NATURAL-
VARIABILITY 

So what is causing the recent warming? 
The lag correlation mci^od can help answer 
this by addressing whether t̂ .e cause is 
changes in radiative forcing - solar, 
greenhouse, aerosol, or otherwise - or 
"natural" climate variability, changes in the 
internal distribution of energy within the 
climate system. In the latter case, it is quite 
possible that SSTs would change before LATs, 
for example, if the ocean circulations 
changed so as to reduce the amount of heat 
stored in the deep oceans. Changes in 
external radiative forcing, on the other hand, 
always result in SSTs lagging behind LATs, 
because the oceans have much more heat 
capacity than the atmosphere. Lag 
correlations between Hansen and Lcbcdeff's 
land air temperatures and UKMO SSTs show 
that SSTs generally follow land temperatures 
by 15 or 20 years (Table 2). This does not 
prove that observed temperature increases 
are due to changes in forcing, but it is 
consistent with this idea. (The correlation 
between southern hemisphere land and sea 
temperatures and that between southern 
hemisphere LATs and COADS tropical SSTs 
show no clear result; however, this is not 
entirely unexpected. since southern 
hemisphere temperature records arc not as 
complete or reliable as the northern 
hemisphere data, and because tropical 
temperatures are strongly influenced by El 
Ninos and other oscillations which mask 
effects of changes in external forcing.) 

The time lags between LATs and SSTs 
also shed some light on what the oceans' 
response time to recent radiative forcing 
changes has been, assuming such changes 
have indeed caused the recent warming. This 
response time is closely related to that for 
greenhouse warming. Assuming that the 
atmosphere and oceans are responding to the 



same forcing, the oceans' response time is at 
least as leng as the lime lags in Table I. 
Unfortunately, it is difficult to compare the 
observed lags in Table 2 to a model 
simulation, since we do not know the exact 
lime dependence of the forcing. 

5. CONCLUSIONS 

I show that recent global temperature 
changes cannot be due to solar luminosity 
variations coincident with changes in solar 
cycle amplitudes, since this would violate 
causality. In addition, a related suggestion 
using solar cycle lengths instead of 
amplitudes appears highly unlikely, since 
time lags between changes in the cycle 
lengths and observed temperatures are very 
different from those calculated with a 
c\iinfrt.fc TntnJc\. tVnatt*?. *&•% xxim\d\\vt& 
between historical land and sea temperatures 
indicate that ocean temperatures follow land 
temperatures by 15 or 20 yr. This means thai 
the oceans' response time must be at least 
this -ong, if these temperature changes an; 
due to some change in external forcing. It 
also suggests that this is in fact the case, 
since "natural" climate variations might well 
email SSTs changing before LATs, which is 
not observed. 
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lengths amplitudes 
Temperature record La^ C.C. Lag C.C. 
H&L north 
H&L south 
UKMO north 
UKMO south 

10 .70 - 1 5 .80 
15 .50 - 1 0 .65 
22 .55 0 .65 
3 0 .55 5 .65 

COADS tropical 25 .50 -1C .60 
COADS extra-tropical 2 0 .60 0 .80 
Iceland ice - 5 .60 - 4 1 .85 
Modeled SSTs 10 .99 9 .98 

Table 1: Results of lag correlations between 
solar cycle lengths and amplitudes and 
various temperature records. Column 1 lists 
the different temperature records used; 
"modeled SSTs" arc From the up welling 
diffusion model discussed in the text. 
Columns 2 and 3 give the peak time lag and 
c o r r e s p o n d i n g c o r r e l a t i o n coef f i c ien t 
between the solar cycle lengths, from Friis-
Christensen and Lassen (1991), itid each 
temperature record. Columns 4 artd f give the 
s ame in fo rma t ion for so la r cyc le 
"amplitudes", actually the l l -ycar tunning 
mean of the Zurich sunspol number. Positive 



time lags mean that the temperatures follow 
the solar variable. Uncertainties in the lags 
arc probably about 5 years. The temperature 
records start in 1880 (Hansen and Lcbcdcff). 
1856 (COADS), and 1869 (UKMO); the ice 
data go back to 1740. 

H&L North H&L Soutli 
Temperature record L-ag C.C. Lag C.C. 
L'KMO north 21 .55 20 .45 
UKMO south 20 .50 15? .40 
COAPS extra-tropical 20 .65 20 .45 
COAPS tropical 15 .45 0? .35 

Table 2: Results of lag correlations between 
observed LATs and SSTs. Column 1 lists the 
SST records used. Columns 2 and 3 give the 
peak lime lag and corresponding correlation 
coefficient between the listed SSTs and 
Hansen ..-v.: Lebedeff northern hemisphere 
LATs:. Columns 4 and 5 are the same 
information for southern hemisphere LATs. 
Positive time lags mean that the SSTs follow 
LATs. 
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Fig. 1. Historical temperature data and solar cycle lengths. The cycle lengths are taken 
from Friis-Chrisiensen and Lassen and have been inverted and rescaled for easier 
comparison to the temperatures. The temperatures are annual averages relative to an 
arbitrary zero point. The last panel shows solar cycle lengths, not inverted, (solid line) and 
cycle amplitudes, actually the 11 year running mean of the Zurich sunspot number (dashed 
line). 
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Fig. 2. (a) SSTs calculated using a one-dimensional upwe)Iin,g-d if fusion ocean model (solid 
line). The model is driven by solar forcing (dashed Jine) which varies with solar cycle 
lengths, as calculated by Friis-Christensen. and Lassen. The forcing is given as a scries of 
"equilibrium temperatures" - each of which is the temperature SSTs would eventually arrive 
at if the forcing were constant. The magnitude of the forcing is such that SSTs vary by 
roughly 0.6 degrees over the last century. The response is calculated assuming a climate 
sensitivity of 3 degress per doubling of CO2. (b? The same as (a) except with a sensitivity of 
5 degress per C02- doubling. 
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F i g . 3 . Lag correlat ions between hislorical LATs and SSTs . (a) Hansen and LebcdcfTs LATs 
and U K M O SSTs , both for the northern hemisphe re ; (b) nor thern hemisphere LATs and 
C O A D S extra- t ropical SSTs ; (c) southern hemisphere LATs and C O A D S extra- tropical SSTs; 
(d) southern hemisphere LATs and C O A D S tropical SSTs ; (e) nor thern hemisphere LATs and 
C O A D S tropical SSTs ; (f) LATs and U K M O SSTs, both southern hemisphere ; (g) northern 
hemisphere LATs and southern hemisphere SSTs; (h) northern hemisphere LATs and 
southern hemisphere SSTs; 


