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Abstract: This article firstly proposes a fuzzy weighted moving average (FWMA) to compute well for the beginning and
end parts. Then, the FWMA is applied to both of the annual anomalies and the annual standardized differences (variance
adjusted anomalies) of temperature among the six top nations or regions of cumulative CO, emissions, Canada and the
globe to reveal and compare the interdecadal trends. The related topic of ‘land/sea warming contrast’ was re-analyzed
with the FWMA. The main findings are somewhat unexpected as follows: (1) The FWMA curves of anomalies showed
that all six nations got warming up stronger than the globe except for India. But the sequence order of the nation’s
warming extents in the last decade were much different from those of nation’s cumulative CO; emissions. (2) The
FWMA of the annual standardized differences of temperature showed much better than the annual anomalies. The
sequence order of nation’s warming up agreed with that of the cumulative CO, emissions among the seven nations. In

REWH: FEBER VDR SV E S S0 = R4 (KLDD-2020-015); A ERl =B Mg 7T H  (XDA20100304).
“@{E/EE: YLAR, jmjiangjm@foxmail.com, jmjiangjm@126.com
Weks H 13: 2023-01-03; 45 H #: 2023-02-16; 7E£k H R H B: 2023-03-02 http://www.earthscieng.com


http://dx.doi.org/10.57237/j.earth.2022.01.005

44 TLEIRS: —FBOBIINS R 311 0] S R St (49 73

contrary, the globe got warming obviously higher than all the seven nations or regions. The direct reason, in statistics, is
that the climatologic variance of the globe is much smaller than all the seven nations, in statistics. (3) The related
phenomena of ‘land/sea warming contrast’ appeared only in their anomalies, but disappeared all in the standardized
differences. The direct reason is depended upon the around 2 times of difference of the climatologic variance between
the land and sea. (4) The FWMA curves for the globe actually much closes to that of the sea than the land.

Keywords: Fuzzy Weighted Moving Average (FWMA); Climate Change; CO, Emission; Annual Temperature;
Anomalies; Standardized Differences; Land/Sea Warming Contrast
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Table 1 Seven nations of top total CO, emissions, Per capita, and the order in the figure of [7]. (data from [7])
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Figure 1 Samples of application results of the moving fuzzy weighted average (FWMA) to annual anomalies of temperature for the Globe (a),
Russia (b), Canada (c) and China mainland (d) for 1901-2020. Thick solid color curves denote the FWMA of the 11-point Gaussian
function. The thin dashed lines indicate annual anomalies. The dark gray squares represent annual anomalies of observations from
that nation’s climate change bulletin and the gray dashed curves are their FWMA. All anomalies are relative to 1961-1990
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Figure 2 The FWMA curves of annual temperature anomalies for
each of the seven nations (in COlors) and the globe
(black).

K 2 Eon, i RHER 7 A ERSXIE FWMA
2k 2 [ RRFEEE O HEF 535 1 CO, R HEE MHE
FPERKZER . M2 WAk 28 [ 2 18 0% 5 s i A~
E Rk X, HogserE. HA. dEKR. gk,
AEERAENEE, ANERD: ORP e sHkR, HE
1) CO, RFHE AN /D> TR E . BRI 28 EAIHE (&
1) o QOWEREARIIET 4 ANE KX (P . B
28 [H. EEMHEA) , TR L1 F AR W AT
5 YL A RS . @MYE Robert Z5[16]/3R 15, ENEER
AR T A E 35 44 ™ B 5 Yo [H 5, I Bl g 3G IR b
(25 5 Trp TS MIORHG. (HRENE IR
PR FWMA I ZRAUAE 2000-2013 4E ] & T 4R,
B 7 SRR T 2R, @Ins KAULIE 2010 4E )5
FREE IR IR WENTAT A X ZE CO, HEl R /b [k
F. ®F LAl 90 FALIK, BRENEEGISL, AEKiRE
FEF FWMA 4 — B THE 6 MERSX . O
BORBL, TEEEFPH L, BRI (RZ AR 28 [ED
FIBEIRALT-LEIESE (EREAINE ) HHam—tk, Lidsh
SRACL T 3 T i RR Ok S ] 5 B X A Y LR R A
AL A ER T CO, FbiE. HLH, H 1980 F2
JE WIS AR, S s A, BT CO,
HERAE H AR

AR, £ 25H L (1961-1990 4£) T 1475
FEAE AR FEUE, 7 A GBS IX A AN 4 3K P A I FE A o
G mEE AR AEAR, PIANRAE 2 [ ZE (A v]
PIRES H AR IR R, EaR Sk v i A AR =R
(¥)J7 ZBibriEZE SDY KILPIIR A, 3% 7 WG i3
i

2 B EFX AN BRI LB . BE 2 %2 1961-1990 4R [H] UM AL R SD S HAF it

Table 2 The extreme values of annual anomalies and happened year, the difference between the extremes, the standard deviation (SD) and

average over 1961-1990 for the seven nations and Globe
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Figure 3 The MFWM curves of the annual standardized differences
for globe (black) and each of the seven nations (COlors).
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statistic COnfidence at 0=0.05 in the normal distribution.
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Figure 4 Comparisons of the FWMA curves: a) for the annual
anomalies, b) for the annual standardized differences
relative to the climatologic period from 1961 to 1990, c)
for the annual standardized differences relative to the
pre-industrial period from 1850 to 1900, d) The annual
standardized differences based on the entire period from
1850 to 2018. The red curves are for global land, the blue
curves are for global ocean and the black for globe. Dot
dashed thin curves denote anomalies in (a). Thick solid
lines indicate the curves of the FWMA at 11 points.
Horizontal dashed lines at zero represent the climatologic
averages. Thin double dotted lines at +2.05¢ in (b, ¢ & d)
denote the thresholds at confidence level a=0.05 in the
normal distribution N(0,1). The ‘s’ in N(O,s) suggests the
standard deviation (square root of variance ) over 1961-
1990 in (a)
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Table 3 The climatologic standard deviation (SD) for 4 base-periods

FEHERTHA 1961-1990 |1850-1990 |1850-2018 |1991-2018
KGR SD|0.205C  [0.190T  |0.439T  |0.282<T
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