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Figure 1 The natural and anthropogenic radiative forcings data. The inset shows the 9 types of anthropogenic radiative forcings
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Figure 2 (Color online) The global (a) and regional (b—e) annual average precipitation series. (b) 60°-90°N; (c) 30°—60°N; (d) 30°S—30°N; (e) 60°—30°S
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Table 1 Global and regional land precipitation change trends and their

uncertainties at 5% level

1900~20134F 1951~20134F
AER 3.54+1.46%* 1.68+3.87
60°~90°N 10.73+1.87** 9.32:+3.70%*
30°~60°N 5.0041.47%% 5.5142.78%*
30°S~30°N 2.1743.21 —0.48+8.69
60°~30°S —2.42+3.04 —10.63+7.15%*

a) **FIRIZHEPEIL95% (5 B 1) i MK T
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Table 2 Overview of the multiple linear regression (MLR) model
X3 R PSR brifEiRzE 2 IR AR
4ER 0.320 0.308 17.683 0.000 1.325
60°~90°N 0.589 0.582 27.658 0.000 1.145
30°~60°N 0.465 0.455 18.687 0.000 1.492
30°S~30°N 0.197 0.183 35.597 0.000 1.590
60°~30°S 0.094 0.078 39.000 0.000 1.687
ACF 04 PACF
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Figure 3 (Color online) Lag autocorrelation (a) and partial autocorrelation (b) plots of the MLR residuals of global land precipitation. The orange line

in the figure is the highest and lowest values in the 95% confidence range
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(7

FHITRE VIF=1.007({}sA LI 4:), DW=1.861
(FRECEARIAAE A, UL IR (T) N AR TC i flh
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Table 3 The parameters of the ARIMA model

24 5 AR t W
W 12,705 17.159  0.740 0.461
AR FER 1 0.196 0.114 1.713 0.090
20y 1
MA SER 1T 0.881 0.057 15477  0.000
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Table 4 The PLSR modeling results of global land precipitation anomalies
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b 2 AR IR K TRORIN 2 B A0 4 B i o
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322 A, BHEMHHMEXRMFEMAN
iR 28 B H 5 Tt
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5 praegt MOTHEE 1 - . B ’ : -
i —83.87 r* 0.201 0.337 0.187 0.210 0.288 0.948
pNGEED) 31.95 0.73 0.162 0.237 —0.563 —0.148 0.424 -0.014
il 12.36 1.46 0.145 0.884 0.205 —-0.262 —0.130 0.026
AR 69.66 0.93 0.341 0.013 0.148 0.073 0.113 —-0.387
oAb 2= Sk —~168.29 1.00 0.324 —0.095 —0.168 —0.401 -0.372 —0.464
SR -135.16 0.96 -0.341 0.022 -0.030 —0.083 —0.083 —0.496
TR R —-830.14 0.95 -0.307 0.121 0.170 0.364 0.051 —0.545
X R R AR —-182.93 0.91 0.336 —0.053 —0.111 —-0.214 —0.268 —0.131
T )= R —-368.15 1.10 0.335 —0.052 —-0.272 —0.504 —0.624 —0.479
T —104.28 0.94 -0.355 —0.063 —0.009 —0.101 0.055 —0.196
Ef 1353.05 1.12 0.250 0.404 0.268 0.905 0.066 0.062
Rl 786.96 1.39 0.327 0.112 0.696 0.911 1.127 0.247
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Figure 4 The explained variances of potential factors in PLSR model
of the global land precipitation anomalies
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Figure 5 (Color online) The normalized coefficients of various radiative forcings in the PLSR model of global land precipitation anomalies. The warm
color histogram indicates a positive contribution to the increase in precipitation, and a negative contribution otherwise
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Table 5 The PLSR modeling results of the land precipitation anomalies at high latitudes in the northern hemisphere

5 AR i : . el 3 -
s —148.78 0.297 0.153 0.211 0.677
AR 16.25 1.00 0.339 -0.134 0.281 0.039
HoAth i =<k 10.65 1.02 0.348 -0.107 -0.076 0.021
SR -101.28 1.07 -0.361 -0.071 -0.101 -0.655
TR R A 316.27 0.97 —-0.327 0.227 0.501 0.171
X i)z R —-15.96 1.05 0.359 0.010 —0.186 —0.165
PR R 835.37 1.06 0.361 0.074 0.043 0.391
TR 594.00 1.08 -0.361 -0.155 0.375 0.751
Ef 1912.94 0.84 0.226 0.897 0.300 0.051
Rl 388.39 0.89 0.294 —-0.292 0.633 —0.067
F 6 AvERh & E R K IE TR L PLSREE B R
Table 6 The PLSR modeling results of the land precipitation anomalies at middle latitudes in the northern hemisphere
s st T : . fm - ’
ok —46.86 0.257 0.352 0.213 0.241
AR -0.37 1.19 0.347 -0.304 -1.107 -0.515
HAbR =S A —130.05 1.17 0.353 —-0.306 -1.018 —-0.267
I —34.43 1.39 —0.364 —-0.510 —1.606 —-0.418
PR R —468.13 1.08 —0.343 0.189 0.671 —0.716
X2 SR 333.97 1.09 0.361 0.155 0.513 0.209
FE R —423.89 1.20 0.349 —-0.399 —-1.135 —0.462
T A -173.73 1.19 -0.353 —-0.291 —-1.074 —0.060
i —200.11 0.45 0.147 —-0.294 0.002 -0.071
Bt 764.54 1.06 0.326 0.404 0.806 -0.128
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Figure 6 The normalized coefficients of various radiative forcings in the PLSR model of land precipitation anomaly changes at high and mid-latitudes

in the northern hemisphere
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Statistical modeling experiment of land precipitation variations
since the start of the 20th century with external forcing factors

Qingxiang Li"”’

! Guangdong Province Key Laboratory for Climate Change and Natural Disasters, School of Atmospheric Sciences, Sun Yat-sen University, Guangzhou
510275, China;

? Southern Marine Science and Engineering Guangdong Laboratory (Zhuhai), Zhuhai 519082, China

E-mail: ligingx5@mail.sysu.edu.cn

Fitting of the historic climate change with multiple linear regression (MLR) models often encounters the problem of
residual autocorrelation and multiple correlation among the dependent factors, which leads the model not to be the Best
Linear Unbiased Estimator (BLUE). To solve these problems, a set of sophisticated statistical modeling procedures are
developed in this paper to detect the contributions of the external forcing to the global and regional land precipitation
changes during the recent century. The radiative forcing (effective radiative forcing) data of multiple natural and
anthropogenic factors are taken as independent variables and a combined model of MLR and Autoregressive Integrated
Moving Average (ARIMA) is first used to separate the impacts of natural forcing and human activities (signals) and
internal variability (noise) due to land precipitation changes since the start of the 20th century. Based on the results, a partial
least squares regression (PLSR) model is further adopted to quantify the respective contributions of the each components of
anthropogenic forcing. Some preliminary conclusions were drawn:

(1) The combined model of MLR and ARIMA has clearly separated the influence of anthropogenic forcing signals in the
global and regional (middle and high latitude in Northern Hemisphere) land precipitation anomaly at 5% significance level,
and the explained variance is relatively large.

(2) The PLSR model overcomes the morbidity of ordinary linear regression equations to a certain extent, and better
separated the respective impact (contribution) of various natural and anthropogenic forcing factors on global and regional
(middle and high latitude in Northern Hemisphere) land precipitation anomaly; and the relative strength of each factor’s
contribution are determined. It has good application value for modeling and impact studies with multiple correlations
among different independent variables.

(3) The above combined model explains about 40% of the total variance of land precipitation anomalies change over
global and middle latitude regions in Northern Hemisphere, and nearly 60% of the total variance in high latitude regions.
Based on the fitting results, both the human activities and natural forcing are the deterministic impact factors of global land
precipitation variations. But the natural forcing’s contribution is not significant, while human activities still explain a large
part of the variance and thus have high significance for the regional land precipitation variations. In addition, the
autocorrelation should also be considered as one of the important impact factors for global and regional land precipitation
anomaly changes.

(4) The anthropogenic aerosol and contrails have clear and significant positive contributions to the global and regional
land precipitation anomalies, while the contributions of the remaining factors show obvious positive and negative
differentiation, indicating that there is certain degree of uncertainty. Therefore, it is necessary to further optimize and
improve the factors and models based on more accurate factor datasets for each region.

(5) The modeling approach described above is primarily based on the idea to decompose and model the historical climate
series. On one hand, it may put forward certain requirements for the “integrity” of the observational data; while on the other
hand, it is not restricted by the study domains, climate variables and the independent variables. Moreover, it may even
model/separate the anthropogenic/natural effects of climate changes in local scales. In addition, it can independently detect
and analyze the relative contribution and significance of human activities or natural forcing to climate change in the
historical observational series without using the climate system model. Therefore, it is proved to be a convenient approach
for detecting the causes of climate change and a powerful supplement to model attribution.

land precipitation, dataset, statistical modeling, anthropogenic forcing, natural forcing
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