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Figure 1. Visual comparison of the two different estimates of Northern Hemisphere land air tempera-
ture trends (1850-2018) considered in this article. Both series were generated using version 3 of NOAA
INCEI's Global Historical Climatology Network (GHCN) dataset. (a) The “rural and urban” series
is the gridded mean average of all Northern Hemisphere stations regardless of urbanization status.
NOAA's homogenized versions of the station records were used. (b) The number of stations used for
each year of the "rural and urban” series with the relative composition of urban/intermediate /rural
for each year indicated via different colors. (c) The “rural-only” series uses only rural stations taken
from the four regions identified by Connolly et al. (2021) [5]. The homogenization steps described by
Connolly et al. (2021) were applied to the station records [5]. (d) The number of stations used for each
year of the “rural-only” series. Note that the vertical scales are different for (b,d) since the rural-only
series is limited to rural data and therefore only uses 10-15% of the total stations available.
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Figure 2. Visual comparison of the “rural and urban” Northern Hemisphere land surface air tem-
perature time series (1850-2018) used in the article (thick black line) to six other widely used esti-
mates of Northern Hemisphere land surface air temperatures. For more details on these series, see

Connolly et al. (2021) [5].
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Figure 3. Comparison in terms of urban composition of the two Northern Hemisphere land surface
air temperature estimates considered in this analysis. (a) Both time series of Figure 1 in the same
panel for direct comparison. (b) The breakdown of urban, intermediate, and rural stations used for
each vear of the “rural and urban” series. (¢) Urban composition of the “rural and urban” series
averaged over three different time periods: left—all available stations; middle—average breakdown
for the 1850-1890 period; right—average breakdown for the 1950-1990 period.
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(b) Urban composition of "rural and urban” series over time
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(c) Urban composition for different periods
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Figure 4. Time series of the four forcings considered in this analysis. (a,b) represent two different
estimates of solar variability since the mid-19th century; (c) plots the volcanic forcing; (d) plots the
combined anthropogenic forcings. For more details on the two solar activity series, see Connolly et al.
(2021) [5]. The volcanic activity and anthropogenic forcing time series are taken from the IPCC AR6

WG1 Annex I dataset [103].
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Fitting results for each component Using 1850-2018 data
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Figure 7. The results of fitting (a—d) the “rural and urban” or (e-h) the “rural-only” temperature
records (indicated by thick black lines) using only one component (using ordinary least squares linear
regression) over the 1850-2018 period. The best fits for each individual component are indicated in
each panel with colored circles joined by a dotted line. (a,e) show the best fits for Solar #1; (b, f) show
the best fits for Solar #2; (c,g) show the best fits for volcanic; (d,h) show the best fits for the net

anthropogenic forcing.
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Original satellite data used for generating and updating the composites
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We can see from the above that, even though the data from each satellite mission are
different, all of the instruments record the increases and decreases in solar activity over the

roughly 11 year “solar cycle” which is observed in many solar activity indicators.
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Evaluation metrics
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Figure 5. [llustration of the four evaluation metrics when applied to (a—d) the estimates of Northern
Hemisphere land surface air temperatures derived from both rural and urban stations and (e-h)
the estimates derived from only rural stations. (a,e) show the long-term linear trend over the entire
period of record, i.e., 1850-2018. (b,f) show the linear trends over our secondary period analysis,
i.e., 1900-2018. (c,g) show three shorter-term warming and cooling periods associated with both
time series since the late-19th century, i.e., warming between 1885-1938 and 1972-2018 and a cooling
period between 1938-1972. (d,h) show the “AR6" metric, i.e., a comparison between the average
temperatures for 1850-1900 and 1995-2014.
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Figure 6. The ordinary least squares linear regression fitting functions between (a—d) the “rural and

urban” temperature record and (e-h) the “rural-only” temperature record. For the 1850-2018 period,
the data are shown with gray diamonds; the linear fits are shown with black dashed lines. For the
1900-2018 period, the data are shown with colored circles; the linear fits are shown with colored
dotted lines. The slopes and intercepts of each linear relationship along with the 7* and p statistics of
the fits are shown in the relevant panel with the 1850-2018 statistics indicated by black text and those

for the 1900-2018 indicated by colored text.



Table 1. Results of individual component analysis fitting of the “rural and urban” temperature record
over the 1850-2018 period in terms of the various evaluation metrics.

Evaluation Metric Rural and Urban Solar #1 Solar #2 Volcanic Anthropogenic
Trend-based Trend (°C/century) Yo Yo Yo Yo
1850-2018 0.89 21% 70% 0% 82%
1900-2018 1.17 15% 39% —2% 107%
1885-1938 1.07 28% 201% 8% 21%
1938-1972 —0.77 —32% 222% 35% 18%
1972-2018 3.25 —7% 18% 4%, 109%
Period-based Difference (°C)

AR6 1.37 12% 66 2% 88%




Table 2. Results of individual component analysis fitting of the “rural-only” temperature record over
the 1850-2018 period in terms of the various evaluation metrics.

Evaluation Metric Rural-Only Solar #1 Solar #2 Volcanic Anthropogenic
Trend-based Trend (°C/century) % % Yo Yo
1850-2018 0.55 20% 89% —2% 93%
1900-2018 0.70 16% 53% —6% 124%
1885-1938 1.90 9% 89% 9%, 8%
1938-1972 —2.80 —5% 49% 19% 3%
1972-2018 3.07 —4% 15% 8% 80%
Period-based Difference (“C)
AR6 0.95 9% 75% 4% 87 %




Table 3. Results of multiple linear regression fitting of the “rural and urban” temperature record over
the 1850-2018 period in terms of the various evaluation metrics.

Evaluation Metric Rural and Urban Scenario 1 Scenario 2 Scenario 3 Scenario 4
Trend-based Trend (°C/century) Yo Yo Yo Yo
1850-2018 0.89 87% 92% 21% 70%
1900-2018 1.17 108% 100% 15% 38%
1885-1938 1.07 38% 100% 28% 206%
1938-1972 —0.77 38% 129% —32% 247%
1972-2018 3.25 106%% 98% —7% 21%
Period-based Difference (“C)

AR6 1.37 91% 97% 12% 66%




Best fits (multi-linear regression) for rural and urban : Fit using 1850-2018 data
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Figure 8. The results of fitting the temperature records over the entire 1850-2018 period using
multiple components (using ordinary least squares multiple linear regression) for the “rural and
urban” temperature record. (a—d) show the best fits for Scenarios 1-4, respectively. The temperature
record is shown in each panel by a thick black line. The panels on the left-hand-side show the model
fits with green colored circles joined by a dotted line. The other panels show the contribution to the

model fit from each of the two or three components.



Best fits (multi-linear regression) for rural and urban : Fit using 1850-2018 data
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(b) Scenario 2: solar #2, volcanic & anthropogenic
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(c) Scenario 3: solar #1, volcanic, but no anthropogenic
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(d) Scenario 4: solar #2, volcanic, but no anthropogenic
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Best fits (multi-linear regression) for rural-only : Fit using 1850-2018 data
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Figure 9. As for Figure 8, except for the “rural-only” temperature records. The results of fitting the
temperature records over the entire 1850-2018 period using multiple components (using ordinary
least squares multiple linear regression) for the “rural-only” temperature record. (a—d) show the best
fits for Scenarios 1-4 respectively. The temperature record is shown in each panel by a thick black line.
The panels on the left-hand-side show the model fits with green colored circles joined by a dotted line.
The other panels show the contribution to the model fit from each of the two or three components.



Best fits (multi-linear regression) for rural-only : Fit using 1850-2018 data

Average temperature
(*C. relative to 1901=2000)

(a) Scenario 5: solar #1, volcanic & anthropogenic

[3s ]

All components

1
0
-1
—Observed «- Model fit
-2
1850 1300 1950 2000

Solar component Voleanic component

Observed Solar component

1850 1900 1950 2000 1850 1900 1950

= Volcanic component

2000

Anthropogenic componant

1850

Dbserved = - Anthropogenic companent

1300

1950

2000




N

—

Average temperature
(°C, r?lative to 1901-2000)
- o

1
pS)

(b) Scenario 6: solar #2, volcanic & anthropogenic
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(c) Scenario 7: solar #1, volcanic, but no anthropogenic
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(d) Scenario 8: solar #2, volcanic, but no anthropogenic
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Table 4. Results of multiple linear regression fitting of the “rural-only” temperature record over the
1850-2018 period in terms of the various evaluation metrics.

Evaluation Metric Rural-Only Scenario 5 Scenario 6 Scenario 7 Scenario 8
Trend-based Trend (°C/century) Yo Yo Yo Yo
1850-2018 0.55 95% 109% 18% 87%
1900-2018 0.7 120% 110% 11% 47%
1885-1938 1.9 19% 59% 18% 96%
1938-1972 —2.8 20% 44% 13% 64%
1972-2018 3.07 85% 72% 4% 22%
Period-based Difference (°C)

AR6 0.95 94% 105% 16% 78%




