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Summary

Seasonal fluctuations in the concentration of atmospherica@produced by the growth and
decay of vegetation in the biosphere, which are partly controlled by global temperature
variations. A major change in the atmosphere—biosphere balance that occurred during the 1977-
78 climate shift is manifested by greater susceptibility of the daily char@@, to global
temperature variations. The underlying cause for the change is thought to be highefaaea-
temperatures during and following the climate-shift, which reduced the effeetwef the

oceans as a carbon sink (Folland, et al, 1990). Relative to the hydrosphere and biosphere, it is
likely the atmosphere is now in a disequilibrium state with respect to carbon di@sdking in

a significant change in the interaction between temperature and atmosplmncdiaxide
(Solomon, 2007, Khatiwala, et al, 2009, Park, 2009)). Maximum and minimum daily
temperature anomalies, compiled by the Hadley Climate Center at 6647 gloledvetations

for the 1950-2009 period, are used to predict daily changes in the concentration of atmospheric
carbon dioxide. Daily changes in atmospheric, @@ derived from the monthly record of
observations collected at Mauna Loa, Hawaii since 1958. During the past 50 years theenhas
a significant change in the influence of daily maximum and minimum temperaturalgeson

the daily change in atmospheric carbon dioxide. Prior to the 1976-77 climate-shifgtaomsel
between daily changes in atmospheric,@@d temperature anomalies for a single year are
mostly positive (above normal temperatures cause the daily change in atmos@h¢nid€

more positive), while after 1978 correlations are strongly negative (above nompak&tures

cause C@changes to be more negative). The reversal from positive to negative correlié¢ions a
1978 is caused by a steady increase in the number and size of positive temperaturesanomali
Generally, correlations are positive before the climate shift and negagvehaf shift. The
exceptions are the eruptions of El Chichon in 1982 and Mt Pinatubo in 1991, which weakened
the CQ-temperature link for 2-4 years following each eruption by reducing both the growth and
decay rates of vegetation (Angell, 1997). The major El Nino events of 1982-83, 1997-98 and
2004-05 also affected vegetation growth and decay and altered thHer@@erature correlations

for those years. Simulated versus observed seasonal cycles (th€®eeling Curve) based on
global temperature observations produée/&ues that are over 0.90 for some years after 1978.
The high negative correlation between CO2 change and temperature suggestbahat gl
temperature departures might now be predicted from the daily change in the conoeoitrat
atmospheric carbon dioxide.
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Introduction

A unique shift in the global climate occurred during the winter season of 1976-77 (Mifiér, et
1994, Graham, 1994, Deser, 2006, Hartmann and Wendler, 2005, Smith and Reynolds, 2005).
A composite data set of 40 environmental variables demonstrates an unequivocal stafi-like

in the climate that occurred between the 1968-76 and 1977-84 periods (Ebbesmeyer et al,
1991). However, a consensus as to the underlying cause of the shift has not been reached (Karl,
1988, Karl and Trenberth, 2003). The International Panel on Climate Change emphasizes that

” the detection of a change in climate does not necessarily imply that its aseiseglerstood”

(IPCC, 2007). The recent build-up of greenhouse gases is suspected as a cause bauaelear ¢
and effect mechanism has not been found (Madden and Ramanathan, 1980, Hansen, et al, 1981,
Ramanathan, 2006, Baines, 2007, Schlesinger et al, 2007). Unprecedented changes in
atmosphere-ocean circulation and in sea-surface temperatures (SST) werecirs1976

(IPCC, 2007). The high correlation between inter-annual variations in atmospheric carbon
dioxide and the El Nino Southern Oscillation (ENSO) found for the 1965-2000 period suggests
that increased CQas one possible cause (Zeng, et al, 2005). Before the shift occurred, the
equatorial Pacific Ocean had been identified as a region gfl®@Ochange that affects the
development of ENSO (Bacastow, 1985). Annual anomalies of SST for 1850-2005 referenced to
the 1961-90 period show an abrupt decline in negative anomalies after 1950 and a reversal from
negative to predominantly positive in the late 1970s. (Rayner et al,2006, Smith and Reynolds,
2005). The 1976-77 regime shift also has had far reaching consequences for the large marine
ecosystems of the North Pacific (Hare and Mantua, 2000). Warmer and drier conditions in
Western North America significantly reduced the snowpack and runoff to record lowg thei

1977 water year (Karl and Koscrlny, 1982). Precipitation in Western United States 71976

still holds the record low in that region for thé"gntury (Cayan and Peterson, 1989).

Input Temperatures

A gridded land-only data set of near-surface maximum and minimum temperaturdi@aoma
compiled by the Hadley Climate Center (HCC) provides the basis for this study Clhel&ta

set is derived from daily observations of maximum and minimum temperaturesezbbé¢c
approximately 6647 global weather stations selected by HCC using a rigorous-cratiit}
procedure from an initial set of 15,000. (Caesar et al, 2006) Anomalies or departures from the
normal temperature for each day are calculated using the reference period 1961-1990.

Table 1 INPUT TEMPERATURES (AVERAGED FOR 6647 GLOBAL STATIONS)

Symbol Description
TX Ginj)» TNgin,j) Daily maximum and minimum temperatures, for day i, year n and station j
1951-2008 period *
TXB (ijy, TNBj Mean daily maximum and minimum temperatures, for day i, and station j,
averaged for the 1961-1990 period
dTX nj, dTNinj  Daily maximum and minimum temperature anomalies for day i, year n

and station j, 1951-2008 period , equal to
dTN (i’n’j) /TNB(LJ)



93 dTmax(i,n),dTmin(i,n) Daily maximum and minimum temperature anomalies agefag

94 6647 global stations
95
96 * The water year (October 1-September 30) is used rather than the calendar year
97 (January 1-Decmber 31) to avoid a divided winter season, therefore the full temperature
98 record in this study begins in water year 1951, on October 1, 1950, and ends in water year
99 2008 on September 30. The same reasoning is used for the monthly carbon dioxide record,
100 which now begins on October 1958 and ends on September 2008.
101
102

103 The HCC data set covers approximately 30% of the earth’s total surface (lahdrealy

104 therefore the results produced in this study may not be considered representativatokthe e

105 earth. However, an analysis of temperature changes using the 1850-1997 data set of monthly
106 land and sea global temperatures (LST) collected by NOAA demonstrateshiibaghlthe land

107 stations show a greater variance of annual anomalies than the oceans, both have mgzaly ide
108 time trends (Smith and Reynolds, 2005).
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112 Figure 1a Location of 6647 Met stations used in the study (HadGHCND Data Set, Met
113 Office Hadley Centre & US National Climatic Data Center). Period of recordis 1950-
114 2008; anomalies are referenced to the 1961-90 period.
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Climate Shifts Demonstrated by Global Temperature Aomalies

A plot of cumulative temperature range anomalie@Tmax — dTmin), shown in Figure 1a
suggests that the global climate shift in 1976-1977 may have altered how atmospheric ca
dioxide and surface air temperatures interact. It appears to have set tHerstagere
significant climate shift in 2000 that enhanced the influence of temperature on the globa
biomass, thus affecting seasonal variations of atmosphetsc CO

CUMULATIVE DIURNAL TEMPERATURE RANGE ANOMALIES
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Figure 1b. Cumulative temperature range anomalies, (dTmax — dTmin), for 1951-2008
reveals potential climate shifts in 1977 and 2000. The curve rises when positivaximum
temperature anomalies are larger or occur more often than positive minimum amalies
and declines when positive minimum temperature anomalies occur moreteh than
positive. The anomalies are based on daily departures from 1961-90 averages and are
compiled by the Hadley Climate Center from temperature observations at 6647 ather
stations worldwide.

The unusual winter season perturbations shown in Figure 1b (a subset of 1a) that appear only
after the year 2000 indicate external climate forcing that is simultaneaftestying temperatures

at most of the HCC global stations. There is strong similarity in the yeamgt(after the

1990s) and seasonal timing (December-January) to an earlier winter wamangTsingborn,

2003), where it was found that beginning about 1990, positive temperature anomalies at nearly
all of the global stations in the study were synchronized for a few days each January.
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Figure 1c. Cumulative temperature range anomalies for 2000-2008, a subset of 1a. The
subdued but regular cycles that appear each year are due to an abrupt increasepositive
minimum temperature anomalies from approximately December 1 — January 31. The
seasonal and yearly timing of these cycles is similar to the synchronized megaobal
temperature anomalies found in an earlier study of winter warming (Tangborn2003).

The cause of the abrupt switch after the year 2000 from the domination of positive magimum t
the domination of positive minimum temperature anomalies on about December 1 may be due to
a negative feedback mechanism that tends to retard a rapid rise in maximunaterapeAn

increase in nighttime cloudiness due to a rise in atmospheric water vapor causeddsgdac
evaporation would produce the increase in observed positive minimum temperature anomalies
The higher than normal maximum temperatures that occurred during the summer and autumn
seasons after 2000 would produce an increase in ocean evaporation and cloudiness. If the
minimum temperature increases shown in Figure 1b did not occur each December and January
the cumulative temperature range, dominated by maximum temperatures, would namgbe ris
exponentially. Such an abrupt change (over a few days), occurring simultaneouslyaeath ye
about the same time at over 6000 worldwide temperature stations is believed to be
unprecedented.

The underlying cause for the change that has occurred in the pattern of global teegaftgur
2000 is likely related to the comparatively recent rise in sea surface téunegraFrom 1850 to
1980, except for a few years in the early 1940s, both land and sea surface anomakesdcefer
to the 1961-90 period) were negative and had little variance. After the 1976-77 climate shift
these anomalies are positive and more variable, and have been increasing stdragdgrea
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(Brohan, 2006, Folland, 2003). The higher sea-surface temperatures have likely produced a
diminution of the ocean-carbon sink, resulting in greater sensitivity of atmospasdyanc

dioxide to temperature variations and their effect on the biosphere (Feeley et al,&00é 5

al, 2005).

The distribution of temperature anomalies for the three delineated time periodsisliable 2
reveal a distinct difference in the distribution of positive and negative anomale=ebethe
1951-77 and 2000-2008 periods.

TABLE 2 DISTRIBUTION OF TEMPERATURE ANOMALIES

PERIOD NO. RANGE MAXIMUM MINIMUM
DAYS POS NEG POS NEG POS NEG
1951 1977 9855 3796 6059 5303 4491 6006 3776
FRACTION 039 061 054 046 0.62 0.38
1978 1999 8030 5214 2816 2983 5003 2196 5801
FRACTION 065 035 0.37 0.63 0.27 0.73
2000 2008 3285 1058 2227 421 2860 468 2812
FRACTION 032 068 013 087 014 0.86
1951 2008 21170 10068 11102 8707 12354 8670 12389
FRACTION 048 052 041 0.59 041 0.59

Daily Change in Atmospheric Carbon Dioxide

Daily changes in carbon dioxide are reconstructed from monthly means derived frpm dail
observations at Mauna Loa, Hawaii for 1958-2008 (Keeling, 1960, Keeling, et al, 1982). The
conversion to a daily C{Jormat is necessary because daily interactions between temperature
and carbon dioxide are obscured by monthly increments. However, for statisticailsahalys
number of independent values of £i© considered to be 612 (one value per month).

The conversion to daily changes from changes in monthly means is by a 3-point interpolation
technique. The predicted G@oncentration change for each day (from the previous day) of a
specific month is found by weighting the observed change in monthly concentrations for the
previous, current, and the subsequent month, based on the number of days'tofttael 5
current month, the date to which the published monthly means are adjusted.

For example, to find the daily G@oncentration change on July 10, the June monthly change
from the previous month is inversely weighted by 25 days, the July change by 5 days and the
August change by 36 days. The weight assigned to each month is found by:

W=e™ , where n = number of days to the 15th dnd a coefficient, the value of which is
found by minimizing the monthly reconstruction error.
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The daily change in atmospheric carbon dioxide for day i and month m is equal to:
dCQ (i,m) =W; dCm + W, dCmp+ W3 dChng

Where dCm1, dCm2, dCm3 are the monthly changes in concentration for the previous, current
and subsequent month respectively. The values bfdnd § are 1.119, 0.646 and 0.160 when

the minimum error for reconstructing the monthly concentration is attained. Timatesti

probable error for 612 monthly reconstructions is +/-0.23% or approximately +/- 0.77 ppm, the
minimum error determined by this method.

The observed average daily change during the winter season (approximately November 1 t
May 31), when C® changes are positive for 11,272 days (62% of the time), is 0.0308 ppm per
day with a standard deviation of 0.0124 ppm (+/- 40%); during the summer season (June 1 —
October 31) the changes are negative for 6978 days (38% of the time) and the average is
—0.0398 ppm per day with a SD of 0.02058 ppm (+/- 52%). The average (1959-2008) net influx
of carbon to the atmosphere from the biosphere during the winter season is then 65.7 million tons
per day (40.6 million tons per day averaged for the year). The average influx from the
atmosphere to the biosphere during the summer is —84.8 million tons per day (-32.4 million tons
per day averaged for the year). The average difference for the year

(+ 40.6 — 32.4) is 8.2 million tons of carbon per day, produced by the burning of fossil fuel and
deforestation. Thus approximately 20% of the daily influx of carbon to the atmosphere during
the winter is produced by fossil fuels, the remainder is from vegetation decay inshbdye.

The average daily change in atmospheric C&h also be calculated by the average net daily

influx of CO, to the atmosphere from October 1, 1958 to September 30, 2008 (18,250 days). The
total concentration change for the full period is 69.85 ppm (382.7 — 312.85), and the total net
influx is (69.85 /18,250 ) x 2130) = 8.15 million tons of carbon per day *.

* 1 ppm of atmospheric CG= 2130 million tons of carbon

Figures la to 1h all pertain to the input data (atmospheric carbon dioxide and temperature
anomalies) that are used in this study.
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247
248 Figure 1d. Comparison of the reconstructed monthly concentrations of atmosghic CO,

249 with the observed (averaged for 1959-2008) verifies the accuracy of the simulatedligsi.
250 The reconstructed monthly averages are calculated by summing the daily charsginat

251 were simulated from the initial measurements at Mauna Loa using a 3-point tarpolation
252 procedure and 3 coefficients. Based on this analysis the probable error fdre daily change
253 in CO; is approximately +/- 0.0002 PPM.
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256 Figure 1le The difference in averaged temperature anomalies between tiweo periods
257 separated by the 1976-77 climate shift. These differences demonstrate thath the
258 maximum and minimum temperatures between the two periods increasdtiroughout the



259 year. The minimum anomalies increased more than the maximums and both maximum
260 and minimums increased more during the winter than the summer seassn
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263 Figure 1f The difference in averaged temperature range anomalies betwetre two

264 periods separated by the 1976-77 climate shift. These differences showt tine

265 temperature range anomaly (dTX — dTN) decreased throughout most the year beden the
266 two periods due to the number and size of minimum temperature anomaliesually being
267 greater than the maximum.
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Figure 1g Daily change in CQbefore and after 1976-77 climate shift. After 1978 changes
were positive during the winter season and more negative in the summer. Mopositive
winter changes indicate an increase in vegetation decay caused by higher pematures
and/or larger biomass. More negative summer changes indicate increase in vegen
growth caused by higher temperatures and/or larger biomass.
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Figure 1h The change in the daily concentration of atmospheric Cefore and after the
1976-77 climate shift. Positive differences during the winter signify imeased vegetation
decay after 1978 from larger biomass and/or higher temperatures. Negative differee
during the summer indicates that increased vegetation growth removing CQrom the
atmosphere occurred at higher rate after 1978.

Linking Temperature and Atmospheric Carbon Dioxide

Following the 1976-77 climate shift, the diurnal temperature range (daily maxinmuns oaily
minimum) has decreased significantly over much of the earth (Eastetrlahg1997). It is
suggested that the declining DTR is an indication of increased vegetation groymgn{iet al
1997). Both increased concentrations of carbon dioxide and higher temperatures are likely
responsible for the boost in global vegetation. The influence of vegetation on the response of
the diurnal temperature to climate change has been demonstrated (Collatz, et al, 2000)

The diurnal temperature range equation (DTR = Tmax — Tmin) is modified to use daily

maximum and minimum temperature anomalies for examining interactions heemegerature
and CQ.

10
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TR(i,n) = k1 (M) (dTmax (i,n)) — ko (M) (dTmin (i,n)) (1)

where TR(i,n) = modified temperature range anomaly on day (i), and year n

dTmax(i,n), ddTn(i,n) = daily maximum and minimum temperature anomalies on day(fi), k
ko(m) = coefficients for month (m). The coefficientsdnd k adjust the maximum and minimum
temperature anomalies to account for the difference between absolute terapenatur
anomalies that are determined by the historic mean

Calibration to determine optimum values e@fad k is by regression of daily changes in
atmospheric C@and the modified temperature range:

dco@i,n) = + TR(i,n) )

where dCO(i,n) is the observed daily change in atmospheric carbon dioxaae], are linear
regression coefficients. Initially both knd k are assigned values of 1, then by minimizing the
probable regression error by incrementally altering these coefficients b¥e+until the 1959-
2008 average error is a minimum. The introduction of variable coefficients to the atunper
range anomalies (equation 1) creates a slightly different approach for appéyidigitnal
temperature range to climate analysis. The temperature anomaly (defpartuaelong-term
average) adds another dimension to routine daily temperature observations by inogrporati
large amount of historical information into a single number.

Surface temperatures are in part controlled by the concentration of carbon dioxide in the
atmosphere, and the daily change in carbon dioxide concentration is dependent on vegetation
growth and decay, which is strongly influenced by surface temperatures. Thus thpositsve
feedback loop between the daily change in carbon dioxide and temperature that ischagplifie
CQO; levels increase.

The average annual prediction error determined for the 1959-2008 period is used as the objective
function for determining optimum values afdnd k that produce the minimum average error.
For example, the objective function used for the 1959-2008 period is:

2008
-1 3)
Eavg= EnN
1959
where Eavg = average probable error for predicting daily change in CO2 based on the 1959-

2008 period, En = error for year n, N = total number of years in the period.
CALIBRATION

Twenty-four coefficients (two per month), plus daily maximum and minimum tenyperat
anomalies, form a temperature range index that is regressed againshaagg<in atmospheric
carbon dioxide. For each year 730 maximum and minimum anomalies are regresse¢@@gains
daily changes in COusing the 24 coefficients. The coefficientsakd k are unchanged from
year to year; the linear regression coefficiengd vary slightly from one year to the next.

11
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Final values of coefficients kand k, shown in Figure 2a, indicate that during the summer
growing season the maximum temperature is dominant for removipfr@&@®the atmosphere
and the minimum temperature has little influence. During the winter season, wheatigage
decay and fossil fuel burning are the sources of atmosphegicti@Odaily minimum
temperature exerts the largest influence and the effect of maximum é&tunpers negligible.

TEMPERATURE ANOMALY COEFFICIENTS
BASED IN 1959-2008 CALIBRATION PERIOD

—&—k1 MAXIMUM TEMPERATURE
| |—#—k2 MINIMUM TEMPERATURE

COEFFICIENT VALUE

i /
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Figure 2a. Final values of coefficientsjand k;used in equation (1):

TR(i,n) = k; (M) (dTmax (i,n)) — kx (m) (dTn(i,n)), to relate temperature to seasonal
variations in carbon dioxide. TR(i,n) is the modified temperature range anomgland
dTmax and dTmin are daily departures from 1961-90 averages of daily maximum and
minimum anomalies. Initially both ki1 and k; are assigned values of 1, then incrementally
altered by +/- 1% ( 0.01) until the average error of dCO(i,n) versus TR(i,n) is a mimum
(see Figure 2c).

The cause of the maximum temperature coefficigpkkeeding 1 for the summer months
appears to be related to the time distribution of maximum and minimum anomalies.isThere
significant change in the seasonal distribution of betarkl k if the regression error of
predicting CQ change from temperature is minimized for 2001-2008 rather than the 1960-2008
period (Figure 2b). For the shorter and more recent period, the maximum temperature
coefficient becomes less dominant with the highest value reaching 3.5 in August, abotit half
its value for a 1959-2008 calibration. In addition, the minimum temperature coeffigient, k
exceeds the maximum;,Kor most of the winter and is nearly as high as the maximum, k2, in
the month of June. Therefore, eliminating all of the years prior to the climatarsthifivo
decades following the shift completely alters the character of the modifigettature range
index (TR).

12



368

369
370

371
372
373
374
375
376
377
378
379
380
381
382
383

TEMPERATURE ANOMALY COEFHCIENTS
BASED ON 2001-2008 CALIBRATION PERIOD
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Figure 2b. Temperature anomaly coefficients based on 2001-2008 period calibration have
much different character than those calibrated for 1959-2008.

TEMPERATURE INDEX (C
N

TR(i,n), is regressed against the observed daily change in the concentration phatmos

carbon dioxide by:

dCO(i,n) = , + 5 TR(i,n), where dCO(i,n) = daily change in carbon dioxigegnd , are

linear regression coefficients for year n (equation 2).

The average annual probable error for the 1959-2008 period is used as the objective function for
optimizing k and k (equation 3).

13



384
385

386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
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Figure 2c. Calibration of k; and k; coefficients in the equation

TR(i) = k1 (M) (dTx (i)) — ko (M) (dTn(i)) for the 2001-2008 period. When kk,= 1, TR(i)
reverts to the temperature range equation. The values of;land k, are alternatively
changed by 0.01 for each iteration.

Figure 2c shows the average probable error during the calibration process to obtaih optima
values of kand k to produce the minimum error for predicting daily CO2 change from
temperature observations. The regression error is equal to 0.035 ppm (the correlation is ne
zero) when kand k are equal to 1 (at iteration # 1), then decreases as the linear fit between
daily CQ,change and temperature improves gard k are incrementally altered by +/- 0.01
until the minimum regression error is reached.

The change in the concentration C of atmospherig @®day (i) is from the average
concentration for 3 days prior to day (i), e.g. the concentration on June 15 is subtracted from the
average concentration for June 12, 13 and 14.

DCOZ2 =G -(G1+C2+Ca)3
Where:

Ci = concentration on June 15
Ci.1 = concentration on June 14
Ci.» = concentration on June 13
Ci.s = concentration on June 12

14



412
413

414
415

416
417
418
419

420
421
422
423
424
425
426
427
428
429
430

0.045
0.04 -
EL CHICHON
= 0% ¢ ‘0 ® MT PINATUBO
= 0.03
o » a
2 o ¢ ¢
& 0.025 00 ¢
" L 2
§ 0.02 -
3 0015 %o
o |
a4
& 001
0.005 -
AFTER CLIMATE SHIFT BEFORE CLIMATE SHIFT
0 T T T T T T T T T
-1 0.8 -0.6 -0.4 -0.2 0 02 0.4 0.6 0.8

CORRELATION COEFFICIENT

Figure 3. Probable error for predicting the daily change in CO2 from global
temperatures versus the correlation coefficient. @nerally the correlation is
positive before the climate shift and increasinglynore negative after the shift.
The exceptions are for several years following th#982 and 1991 eruptions of
El Chichon and Mt. Pinatubo, and the 1997-98 EI Nia.

The scatter diagram of probable error versus correlation shown in Figure 3 sthygdsésore

the climate shift the correlation of GGhange and temperature was mostly positive and not
strongly related to the regression error. After the shift and especiallydgmmamately the past

three decades, as the error of predicting €ltange from temperature decreases, the correlation
and error are closely linked by a robust dependency, interrupted only by volcanic eruptions and
strong ENSO episodes..

Time trends of daily dCO(i) and TR(i) afterdnd k are calculated are shown in Figure 4a for
the 1959 — 1977 period prior to the climate shift.
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Figure 4a. Time-series of the daily modified tempature range anomaly
(TR(i), generated from maximum and minimum temperatire anomalies and
the observed daily change in atmospheric carbon dxade, dCO(i). Both
temperature and CO2 change are positive during thevinter season and
negative during the summer.

The daily change in atmospheric £ positive from November-May in the Northern
Hemisphere and is primarily due to the generation of carbon dioxide from vegetatign deca
which increases with higher daily maximum temperatures but appears to beteddsfec
minimum temperatures. The daily change in,@Mhegative from June-October due to
vegetation growth removing G@&om the atmosphere. Based on Figures 2a and 2b, above
normal maximum temperatures appear to be more influential than daily minimuemhéorcing
vegetation growth during the summer.

Simulation of daily changes atmospheric carbon dioxide is accomplished by linessieqg of
observed daily changes in @QRICO(i) ) to calculate and for each year. The modified
temperature range anomaly TR(i)and are then applied to predict daily @€hanges, dSIM(i)

Conversion from the modified temperature range shown in Figure 4a to predicted CO2 change
shown in 4b is by:

dsimi)= + TR() )
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456
457 Figure 4b. Time series of observed change in atspheric CO, from the

458 previous day and modified temperature anomalies avaged for the 1978-2008
459 period. The pronounced change from 4a in the distbution and magnitude of
460 daily temperature anomalies is inexplicable.

461

462 An improved understanding of the dependency of daily changes in atmospheric carbon dioxide
463 to global temperatures may reveal how plant growth in the biosphere is controlled by

464 temperature and carbon dioxide (Keeling et al, 1996). The dependency och&@e on

465 temperature before and after the climate shift, shown in Figures 4c and 4d, densoiingrate
466 sensitive response of carbon dioxide concentration in the atmosphere to small chalopas in g
467 temperatures.

468

469 Before the climate shift (1959-77, Figure 4c) and during the winter season (apprbximate
470 November 1- May 31) when the change in daily,@Mearly always negative, just slightly

471 above normal temperatures produce positive changes (concentration of CO2 increases) due
472 increase in vegetation decay. An anomaly index of + 0.1 C causes the CO2 concentration to
473 increase by 0.04 ppm. During the summer, a + 1 C minimum temperature anomaly

474  (corresponding to a temperature anomaly index of —4 C) will boost vegetation growth and
475 reduce atmospheric G®y 0.02 ppm (5 million tons of carbon per day removed from the

476 atmosphere and added to the biosphere).

477

478  After the climate shift conditions are reversed (Figure 4d). During the wedsos below

479 normal temperatures produce positive changes in atmospheridU@Qo suppression of

480 vegetation decay. During the summer season, above normal temperatures stimgetatmne

481 growth causing Cgroncentrations to decline.

482

483 The main difference between the two periods for the impact of temperatureovariati the

484  biosphere is the large increase in summer temperature indices caused by theiegybfithe
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maximum temperature coefficient, kesulting in a significant increase in the size of the

biosphere.
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Figure 4c. Dependency of the observed change imespheric CO, (from the
previous day) on the modified temperature anomalyndex, averaged for the
1959-77 period and prior to the climate shift.
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Figure 4d. Dependency of the observed daily chaagn atmospheric CQ
(from the previous day) on the modified temperatureanomaly index,
averaged for the 1978-2008 period.
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Figure 5. Correlation of the daily change in atmospheric carbon dioxide versusé¢h
modified temperature range for each year. Correlations are generally positive alightly
negative before the 1976-77 climate shift and increasingly negative after 1978, except3
6 years following two major volcanic eruptions, and the 1997-98 EIl Nino. Aerosols
produced by the eruptions lowered global temperatures and impeded vegéibn growth
reducing the transfer of carbon dioxide from the atmosphere to the biospie. Warmer
oceans during the 1997-98 EIl Nino reduced the transfer of carbon dioxide from the
atmosphere to the hydrosphere. Positive correlations indicate above normahtperatures
coincide with positive changes in Cg mostly during the winter; negative correlations
indicate above normal temperatures coincidavith negative changes in C@ mostly during
the summer and after 1978.

The volcanic eruptions of EI Chichon in March 1982 and Mt Pinatubo in June 1991 reduced
correlations due to cooling caused by volcanic aerosols (Hansen, et al, 1992). The lower
temperatures following these eruptions affected vegetation growth and the redagedodipt

CO; by the biosphere (Post et al, 1996, Ramachandran et al, 2000). The correlation decline
produced by the Mt Pinatubo eruption was similar to the ElI Chichon eruption but the cooling
duration was shorter (Figure 5). However, the effect of the EL Chichon eruption is aieglic
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by the 1986-87 El Nino. The average annual correlation of dCO2 and temperature changed from
approximately +0.40 in 1959 to -0.90 in 2008.

Predicting Global Temperature Anomalies from Changes in CQ

Simulation of atmospheric carbon dioxide changes directly from temperature tioserva
emphasizes the sensitivity of the earth’s climate to rising concentratiaiggofenhouse gases.
These results suggest that daily changes in atmospheric carbon dioxide can beddredic
temperature measurements with fair accuracy (that is steadilysmgggaThe next step is to
reverse the process and apply the developed algorithms for predicting global teraperat
changes from increasing concentrations of carbon dioxide.

For the first (1959-1977) period, global temperature departures from the mean are dependent on
daily changes in the concentration of atmospheric carbon dioxide by:
DT, = 1.87 (dCO2) + 0.028

Or a+ 0.01 ppm change in carbon dioxide (+21 billion tons of carbon per day) will raise the
temperature 0.05 C.

For the second (1978-2008) period, temperatures are dependent CO2 changes by:
DT, =-24.8 (dCO2) + 0.656

Or a +.01 ppm change raises the temperature 0.41 C.
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Figure 6a. Temperature change as a function of the change in carbon dioxide priar the
76-77 climate shift
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Figure 6b Temperature change as a function of carbon dioxide change following tié-

77 climate shift.
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558
559 Simulation of the Keeling Curve

560 Estimating the daily concentration of CO2 from temperature anomalies is @ltted by the

561 development of the relationship between temperature and the daily change EqG&aiion 4

562 (dSim(i))= + TR(i)) is applied for each year to simulate the daily change from the modified
563 temperature index (TR(i) ). Following the 1976-77 climate shift, the correlatioedethe

564 daily CO2 change and temperature is increasingly more negative excepiieafteo major

565 volcanic eruptions and during the 1997-98 El Nino. The higl{>R0.90) shown for linear

566 regressions in predicting CO2 change from temperature for most years since dig®is

567 highly negative correlations caused by both increased vegetation growth during ther sumdm
568 decay during the winter (Figure 7a). Simulating seasonal variationsJbh&3@d on global

569 temperatures will provide the means to verify the temperature,€l@ge link (a low R2

570 indicates a disruption of the atmosphere-hydrosphere — biosphere balance from an external
571 cause).

572 A comparison of observed and simulated concentration for 2007-08 is shown in Figure 7b. Both
573 are constructed by summing the observed and simulated daily change from October 1 to
574 September 30, with the observed concentration on October 1 as the initial point.

09 - y=0.0157x+0.088
R? =0.4663

R-SQUAREL
o O
a o
T—
—_—

575
576 Figure 7a. R-squared for predicting the seasonal variations in the concentrah of carbon

577 dioxide from temperature observations. The effect of the two major volcanic aptions in
578 1982 and 1991, and the 1997-98 EIl Nino is clearly shown, as is the 1976-77 climate shift.
579

22



SIMULATED AND OBSERVED CARBON DIOXIDE
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580
581 Figure 7b. Observed and simulated daily concentrations of atmospheric GQor 2007-

582 2008. The R for a linear fit of observed and simulated concentrations is 0.96.
583
584 Main Results and Conclusions

585

586 The eight main findings resulting from this study are:

587

588 1. There is now a strong physical link between the daily change in atmospheric carbon
589 dioxide and global temperatures that was weak or did not exist a half-century ago.
590 2. The daily change in the concentration of carbon dioxide can be quite accurately

591 produced from the monthly concentration records.

592 3. A worldwide shift in the climate that occurred in the mid-to late 1970s has altered t
593 balance of the atmosphere-hydrosphere-biosphere system, causing measureadse chang
594 in the interaction of carbon dioxide to the main components of the system.

595 4. The correlation between the daily change in CO2 and temperature anomaliesirevers
596 from weakly positive to strongly negative as an apparent consequence of the 1976-77
597 shift.

598 5. The eruptions of El Chichon in 1982 and Mt. Pinatubo in 1991 produced significant
599 changes in the interaction between CO2 and temperature.

600 6. The major ENSO events can be detected by simultaneously monitoring global

601 temperatures and atmosphericCO

602 7. Estimating the seasonal Keeling Curve appears to be possible if major valaptiane
603 or ENSO events do not occur.

604 8. Predicting global temperature departures (and conceivably absolute teneggtatur

605 monitoring the daily change in CO2 may be possible.

606

607 The reversal in the CQemperature correlation after 1976-77 suggests a critical change
608 occurred in the interaction of atmospheric carbon dioxide and temperature. The strdoivg nega
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correlation for the past two decades, caused by a significant increase in sempeature
indices and/or increased vegetation growth, suggests global temperatures couldonescibed
from daily changes in the concentration of carbon dioxide. Verification of thesesneghla
General Circulation Model may reveal if the unpleasant surprises in theec|ineaticted over
two decades ago will soon be a reality (Broecker, 1987).
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