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Atmospheric Environmental Resource Index and
Empirical Test

Cai Yinyin
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Abstract: Environment is an important resource input for modern economic activities, and the extent of pollution manifests the
social cost of this input. The heterogeneity of the atmospheric environment exhibits significant impact on the actual result of
air pollution, making it bearing the basic characteristics of sub-resource. In this study, some basic assumptions and an index
model of atmospheric environmental resources are given based on the economic consequences of air pollution combined with
the mechanism of weather change and air pollution. Then, the applicability of AERI is empirically tested by employing the
ground meteorological observation data and air quality monitoring data of China from 2015 to 2020. The results show that there
is a significant negative correlation between atmospheric resources and air quality in time series by using the simplified index
model with two parameters of temperature and wind speed. In 2020, most of the worsening of air quality in Beijing, Shanghai
and Guangzhou can be attributed to the decrease of atmospheric environmental resources. In cities with relatively scarce
atmospheric environmental resources, such as Chengdu, Xi’an, Zhengzhou, Shenyang and so on, the air quality index responses
more sensitively to the change of atmospheric environmental resource, and its marginal response degree is 1~2 times that of
Guangzhou, Changsha and Shanghai. Significant spatial difference of atmospheric environmental resources is also identified by
a panel data analysis of 151 cities from 2015 and 2019. On the margin, the impact of atmospheric environmental resources on air
quality index is roughly equal to 50% of industrial emissions. The relationship between meteorological condition and air pollution
can be explained by AERI in both short-term and long-term dimensions. Therefore, AERI is of practical meaning for air pollution
control by using meteorological resources.

Keywords: atmospheric environmental resource, air pollution control, meteorological condition, climatic characteristic
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Fig. 1 Trends of main air quality indexes and AERI in Beijing in 2020
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Fig. 2 Trends of main air quality indexes and AERI in Shanghai in 2020

Advances in Meteorological Science and Technology S&EHE#E 13 (5) - 2023

37



R Lk WLV
dvances in Met S&T

REFKMREMESPEMIERML, BT
15 QW HEBOE B S AT, AFE T AR S
AERVAMBUIESHIETE S . BEALHIRR K
AR — PP EE R, AT DL ZZ RN 0 R A 2 TR =
FAEMERHE S RIS R R R b il
15 P HEBOR AN, SRRHER AR, (H2SR
B HAERVE MBS HE — 80, X— ST
AERIF ]

% ST (G4 P 1 BB, 4 S 3

fs. OB LS bR 2L 2R ES
AERUVE (A4S S SGE+ 0 B, BT 4TS 54
HERBOR A AR AE AR AFAE BOR ZE RN, AERMEL S %
SRR MR IF RA AL, AERTAA ML
FIE -

MELE BT LRSS MBS 15 Qe HE R
HA—EmfaeEtt, £rEFHE, AERMES SR
BRI S, HIAERME SR S B A —
SE IR

0

N (R FHh IV“ i

—— AERI — AQI [150

J” “ IJ]'"l luhh L“‘ ”" 50

i
AQI

20204F1HIHO2M  20204F3H1H23I  20204E5H1H200  20204E7H1H17I 202048 H311H 148 20204E10H31H 11 202()?12)3315085]L

80,

ol 4 M

0

il P “M‘ W

~ AERL TTPM 200

LM wW"‘w“ "w" —1

W
(=}

S
S
PM, /(ng/m*)

OUI
(=}

202055831H1E|02HjL 202053 /J1H23I 20204E5F1H20F  20204E7H1HI7H 2020458 HA31H 14 20204£1031H 11 20205!‘:12}5]31EIOSE]L

80_

,M e

AN N

~— AERI —PM,, 100
80

PM, /(ng/m®)

202055¥‘11HIE|02HjL 202043H1H23  20204E5H1E200F  20204E7HIH17 2020458 H31H 140 20204E10H431H 11 2020412431108

80 [g

—— AERI — SQ,

—
w

=
SO, (ng/m’)

0 w MW\»!‘ ll lhlwm

i W gy ” V"

(=T

20 | Vil
20204E1H1HO2I 2020423 71H230F  20204E5H 1H200F

E3 2020 MHEE

20204E7HIHNTI 2020458 H31H14  20204E10431H 11 202045124311 080

ZSREHEFSAERIBETLES

Fig. 3 Trends of main air quality indexes and AERI in Guangzhou in 2020
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Table 1 Air Quality Index (AQIl) and AERI values of five
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Table 2 Results of air quality and AERI with regression

cities in 2020 analysis in important cities
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Table 3 Regression analysis of AERI and major variables of air quality (panel data of 151 cities)
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Table 4 Regression analysis of AERI and SO, (panel data of 151 cities)

WIEETE ( SO £ TFIRE )

Re Fe Re Fe Re Fe Re Fe
SO, 0.001 %% 0.001 %%+ 0.001 %% 0.001 %% 0.001 %% 0.001%** 0.001%%* 0.001%%
HERE (0.000) €0.000) (0.000) (0.000) (0.000) €0.000) €0.000) (0.000)
s 0.194%** 0.22] %% 0.198*** 0.234%** 0.198*** 0.228%** 0.196 0.230%%*
1 GDPLL /% (0.046) (0.054) (0.046) (0.054) (0.046) (0.054) (0.046) (0.054)
, —0.174%* —0.243%*
1)
AERUEFI{H (0.078) (0.103)
x —0.002 —0.020
0/ /,
AERIEE10%57 6130 (0.090) (0.107)
—0.232%%% —0.242%*
= 0/ /
AERI4E25% 51 4L (0.008) 0,102
xo —0.071 —0.066
0/ /,
AERIES0% 431 % (0.066) (0.083)
I i No Yes No Yes No Yes No Yes
FEpy No No No No No No No No
T 9.40% 9.72% %% 4.970%* 3.300 8.399% % 6997 6.669%* 4.784
LR (2.897) (2.259) (2.272) (2.609) (2.430) (2.855) (2.637) (3.175)
Hausmanit: 4 0.012 0.025 0.019
R? 0.393 0.393 0.388 0.388 0.393 0.393 0.388 0.388
MIME 755 755 755 755 755 755 755 755
R 151 151 151 151 151 151 151 151

T BRI TS YK, R R 32 B R R

% S 2| AERI[) 2 SEAERS A1 0 A LR sgmd, Ak
— B T SOHEBEE X KM IR ITHFEE L, R4
25 T AERME (IFE10%. 25%F150% 7157 £ 1 [3] U
FE EREIR, FEARIRT A AERVE FI4E25% 75051
AABENFMHIRR, HIE AR P ENEH R
SAERIE BRI . WSIRFFIERE, —4
T AERME 5 5E 4 O B Bk =, U6 1% 3% 17 AERIE
OARARL o LB/, 6 F IS 50, RIZ3 T (0 A i
ARG oA o TR A 45 R Bk, AERIE
[ 4E25% 43 A0 50 1R1 VA 28 25008 2 1 WA RSB 2 AR AR I Tl
SO, [ HE i B8 FE R B 7E AERUE R4 25% 40 for $ic ik, Y
M IHETBOR S f 2B RS, AR 25% 20 A5 IR ],
X3 T A SOLHEBUHE B I KA IR i, I8 K
HY. X R 5IA MG TR R, R ERE S
T (0 ML SOHERATI A R IR T 55

4 £
ARG KRG 2 SR I N AENLEE, &5

Advances in Meteorological Science and Technology S&EHX#RE 13 (5) - 2023 | 41

HARAFGRMAETTER, RIS TR
AR E, 4R RS TIEZ E RIS
TREOTRE, WP T KRR E R IEN 2 ST
HHRIFH20204E b 5T B AN S 10N T 1 45 U
I AR AR R T S0 GOW ) R e RS R B 4
(103 A AT SEUE R 56, XF2015—20194F H[H 1514
ST () 3 TS O B el R T B
WA VAR . T S Qe HE OO AT 2R A AT
BHLIT EEL R

D) KAABR SRR R RAERE . ARRFE
FESRHEE %) Rt =S R AR R, [F
HAKGIREHE. 25 b, LU RS RIRE(E
RN RA B, HENRIT. KE—F, 2
ZUREBNG, KT RGN R

2) WIS R E, KRB SRR EAERIAT LA
ERNRIER AR RZHZ FEN— PN EE. AERIRAH
SIRAMRKGEB N SE, 5 FirsE, v DUE R s bRl
FREC, AT AT TR, AR, SERMERE. — 07



SRR

dvances in Met S&T
T, BRI T A 7 AN [F) I TR A R SO SRR AR
Xf AU R S Jy, DASEI R AERD AR, AT
PAPPAS 30 17 R ST5 Qe B 9k, AT LUK AERI
TARE A AN TR RE R, BEAT T3 G HE T i 1]
P, RERIEE R, 55— J7m, AERIATLUH T
B3 N [ N N1 AN N i =y N B2 8 A Y
Z 5, s RHRRGE  )E R 2 SR, kK
IR PR B o

3) B AERIBEAT )45 & 0 T 45 SRR BT . FEACIR
RPN 2 ¥ Avie! D0 aiaWii=gipul 73 -2 PN €SN 4
TR HI50%AH 2, SOLHETBOR K 58 53 U5 O W K
BAE25% 3 AL BUK-, AAFAEAS/NIRAE R J) s KA
BT UFAHN BT Z A9 T, 75 Gk BE R R AU 5 Bt
VEAAL A bR S A B ARURR, IESER L P2 KB L T
PHEET ST M Kb A Bl sEdis L, MzEL1~2
s 0T R EE R VR B = BTk U, Sk A bR
RV

4) AERLEAFAE —SEAF TR A 10 . 15 %%, AERI
L ENMIEL, HEERBRAAEREFENZE, If
TEBE G IR, AERDRFE BTSRRI, 1E
SEBRRLH A, 7R BN I S AT RN SRR s B =
XFTRERIR UG OL, ansmbEry . WSS, AERIFI X
WA 4, AR

BRI RS RPN, KIBEXR, R
S S Bt BRI RO 5 EANTSS ST e, H
VER—Rh Ui FE, fEEERREN B, RaHHK
AR BI R T EA BB Y H R T
B R, 2 L0 RIHESS /1, 15 BRI K
JEIE4E, AREEJRAR A s RO, XMIEH T, 7
3 R OR A IR B B IR HEAT I 2 i T DU AR 2
it 5RO HBOR% .
i B

[1] 287, #F L ARHREFRAE ZRFERLZFE L FE
Z At 58, 2021, 6(1): 93-119.

[2] Arden Pope IIL. C. The fight for clean air. Science, 2019, 364(6440):
536.

[3] Muller N Z, Mendelsohn R, Nordhaus W. Environmental accounting
for pollution in the United States economy. The American Economic
Review, 2011, 101(5): 1649-1675.

[4] Lelieveld J, Evans J S, Fnais M, et al. The contribution of outdoor air
pollution sources to premature mortality on a global scale. Nature,
2015, 525:367-371.

[5] SE37 R, BAT 3. K APM, s BB ey AT Lot R, 47,
2013,58(13): 1171-1177.

le] i, MBI, RE X, % ARFHEILEER IR R 2. #
F# 34, 2013, 58(25): 2577-2583.

[7] Zhao H Y, Geng G N, Zhang Q, et al. Inequality of household
consumption and air pollution-related deaths in China. Nature
Communications, 2019, 10: 4337.

[8] Hong C P, Zhang Q, Zhang Yang, et al. Impacts of climate change
on future air quality and human health in China. Proceedings of the

National Academy of Sciences, 2019, 116(35): 17193-17200.

[9] Chay K Y, Greenstone M. Does air quality matter?> Evidence from
the housing market. Journal of Political Economy, 2005, 113(2):
376-424.

[10] Zivin J G, Neidell M. Environment, health, and human capital.

Journal of Economic Literature, 2013, 51(3): 689-730.

[11] Zivin J G, Neidell M. Air pollution’s hidden impacts. Science,
2018, 359(6371): 39-40.

[12] McCormick R A. Air pollution-some meteorological aspects.
Weatherwise, 1962, 15(6): 229-263.

[13] Pack D H. Meteorology of air pollution. Science, 1964, 146(3648):
1119-1128.

[14] Neiburger M. Diffusion and air pollution. Bulletin of the American
Meteorological Society, 1965,46(3): 131-134.

[15] Neiburger M. The role of meteorology in the study and control of
air pollution. Bulletin of the American Meteorological Society,
1969, 50(12): 957-965.

[16] Zhang Q, Zheng Y X, Tong D, et al. Drivers of improved PM, ; air
quality in China from 2013 to 2017. Proceedings of the National
Academy of Sciences, 2019, 119(49): 24463-24469.

(17] AgHe, thAWE, K&, %. BHHEH S LR E T 142013—20194 F
Bl A T 3 X PM, 7K B R G B TTRR. PR A 2 2 4R, 2021, 41(7) -
2519-2529.

[18] Li N, Zhang X L, Shi M J, et al. Does China’s air pollution
abatement policy matter? An assessment of the Beijing-Tianjin-
Hebei region based on a multi-regional CGE model. Energy Policy,
2019, 127: 213-227.

[19] Yang W X, Yuan G H, Han J T, et al. Is China’s air pollution
control policy effective? Evidence from Yangtze River Delta cities.
Journal of Cleaner Production, 2019, 220: 110-133.

[20] Xu M, Qin Z F, Zhang S H. Integrated assessment of cleaning air
policy in China: a case study for Beijing-Tianjin-Hebei region.
Journal of Cleaner Production, 2021, 296: 126596.

[21] F47m, T]RE, BRI, . 20084 Bz # [0) 4b X B A X A
AT F M B A, B A 2010, 55(15): 1510-1519.

[22] Ma X W, Li C D, Dong X Y, et al. Empirical analysis on the
effectiveness of air quality control measures during mega events:
evidence from Beijing, China. Journal of Cleaner Production, 2020,
271: 122536.

[23] Liu Y S, Li Y H, Chen C. Pollution: build on success in China.
Nature, 2015, 517(7533): 145.

[24] Le T H, Wang Y, Liu L, et al. Unexpected air pollution with
marked emission reductions during the COVID-19 outbreak in
China. Science, 2020, 369(6504): 702-706.

[25] Pei Z P, Han G, Ma X, et al. Response of major air pollutants to
COVID-19 lockdowns in China. Science of the Total Environment,
2020, 743: 140879.

[26] Yang Y, Zhao L J, Xie Y J, et al. China’s COVID-19 lockdown
challenges the ultralow emission policy. Atmospheric Pollution
Research, 2021, 12: 395-403.

[27] Zhao N, Wang G, Li G H, et al. Air pollution episodes during the
COVID-19 outbreak in the Beijing-Tianjin-Hebei region of China:
an insight into the transport pathways and source distribution.
Environmental Pollution, 2020, 267: 115617.

[28] Wang X Y, Dickinson R E, Su L Y, et al. PM,; pollution China
and how it has been exacerbated by terrain and meteorological
conditions. Bulletin of the American Meteorological Society, 2018,
99(1): 105-119.

[29] Huang R J, Zhang Y L, Bozzetti C, et al. High secondary aerosol
contribution to particulate pollution during haze events in China.
Nature, 2014, 514(7521): 218-222.

[30] Bk AK, =%, KEH, £. 20341 FEANFEUREEA
A AR E RN, FEMF: HIRAF, 2014, 44(1): 27-
36.

[31] #edfy, R4, M AP, WEER AL “2+26” T KAZAK
EARAEAHBRARAGHERAR. AEZTAHREE, 2019,
15(3): 270-281.

[32] Z%48, 7, %, % ETIFRAE S0 FNEIPM, 37 3
AT 4. B A 4, 2020, 40(12): 4410-4418.

42 | Advances in Meteorological Science and Technology S&EHZ#E 13 (5) - 2023



[33] %448, TEZ, THR. LR TAIHRETRNE 5 HEZE

Progress 44 % ¢ &

89: 130-140.

.5 F AR M, 2006, 17(6): 815-828. [42] Zhu B, Kang H Q, Zhu T, et al. Impact of Shanghai urban land
[34] An Z S, Huang R J, Zhang R Y, et al. Severe haze in northern surface forcing on downstream city ozone chemistry. Journal of
China: A synergy of anthropogenic emissions and atmospheric Geophysical Research: Atmospheres, 2015, 120(9): 4340-4351.,
processes. Proceedings of the National Academy of Sciences, 2019,  [43] Cogliani E. Air pollution forecast in cities by an air pollution index
116(18): 8657-8666. highly correlated with meteorological variables. Atmospheric
[35] Zhang Q, Ma Q, Zhao B, et al. Winter haze over North China Environment, 2001, 35(16): 2871-2877.
Plain from 2009 to 2016: influence of emission and meteorology.  [44] %K%, 5k & A, . KR B %8 AR A EHLS N A%,
Environmental Pollution, 2018, 242: 1308-1318. F EF A, 2018,38(10): 3601-3610.
[36] Chen X G, Ye J J. When the wind blows: spatial spillover effects  [45] % A&, THl, K% AAHFLZERARAEHEHEMNARE
of urban air pollution in China. Journal of Environmental Planning K2R E IR A, 2016,36(10): 2913-2922.
and Management, 2019, 62(8): 1359-1376 [46] # AW, TH, R &, PE AKX AR FEEE LT ALK
[37] %mdh, 28, HIEF, %. 20195 A F 2 F i W AR 7T 30 Tt #L B A MR A, 2018, 48(7): 924-937.
KBS g AT T 25 %,2021,39(1): 112-118, [47] Sk, RRE, FE, & AEESABEFEALEE R B
[38] ##4E, T E%, TR, %. BECAPEXH % i 1o i 7 41 3 % RAEAHT. FRFEALF F 4], 2016, 36(6): 2223-2230.
R BERANERAA R AR, AR FM,2004,62(5): 663-671.  [48] SR m, 7 &, oM, & S K RTME 7 &L EAERTIEL
[39] LiuY L, Shi G M, Zhang Y, et al. Characteristics of PM, ; spatial ARALR 9 R L AL 4], 2014, 34(6): 1572-1578.
distribution and influencing meteorological conditions in Sichuan  [49] Z#HH. AA A E X FEE: — N EAEL. A HFHHE,
Basin, southwestern China. Atmospheric Environment, 2021, 253: 2020, 10(4): 28-36.
118364. [50] £%& %, £Hi&, ZEIH. HEWNE AR 2 & E o= R
[40] Mao L, Liu R, Liao W H, et al. An observation-based perspective R & 4], 2020, 31(4): 447-459.
of winter haze days in four major polluted regions of China.  [51] T—iL, &, £55%. ABLBEE T ¥ Eitm NEL LHR
National Science Review, 2019, 6: 515-523. . B F R Z 4R, 2020,31(1): 1-12.
[41] Li F, Zhou T. Effects of urban form on air quality in China: an [52] Freebairn J W, Zillman J W. Economic benefits of meteorological

analysis based on the spatial autoregressive model. Cities, 2019,

BiiR: WHESEES AERI Y4 XM E

L

| AQl=53.39-0.25634 AERI R’ =05%

dEEmd

| AQi=7192-038357 AERI R =16%

400

150

300

AQl
200

50 100 150 200 250

100

0
0

1] 20 40 B0

2 [50,=3D346-0.00841 AERI R'=03% | & {S0,=62817+ 001134 AERI R'=02%|

20
15

ol
&

services. Meteorology & Atmospheric Sciences, 2002, 9: 33-44.

)

AQI = 48.992 - 0.22486 AERI R = 3.4% §

R R

AQI =75.338 - 0.73453 AERI R =6.0%

40 80

80

% {50, = 64434 -0.02582 AERI R = 1.4%

[ D 40 60 80

[PM..= 53279 0.73285 AERI R =9.0%

00 150 200 250

=]
(5]
=
o g
o et * . o w
1} 20 40 60 80 (] 20 40 60
g8 iPMn-_so.Baz'-usmssnERl R =58% 5 |PM.=3527-033052AERI R=13% 5
ke I
§ 15 g i 2|
- n 2|
$=1. g
“8 il g
2 @ ; g
o ol : __-_ ol
[ 40 60 0
8 (em, =60.713-0.19358 AERI R’ = 0.5% 8 (PM, = 41416-0.04875 AERI R =00%| §
g 8| 8|
21 i
3" 2 g/
o S - -
&
2k 81

0

20 40 80 80 [] 2

80

[PM,=52004- 020626 AERI R'=42% 5 |PM.; = B1305-060925 AERI R = 8.6%

200

80

AERI

ME JbZR, £, TR T 2020 E = S RESAERIMEX %
Attached Fig. 1 Correlation between AERI and air quality in Beijing, Shanghai, Guangzhou and Chengdu in 2020

Advances in Meteorological Science and Technology S&EHX#RE 13 (5) - 2023

43



TEBE

A
dvances in Met S&T

ik

AQl = B9.461 -0.37443 AERI R =0.7%

M

S AQI=095822- 04604 AERI R'=2.1%

Al
100 200 300

100

0
o=

0 20 40 60 80 20 40

40

S0, =9.0123-0.03041 AERI R =0.8% 2 SO, = 9.2875 - 0.02696 AERI R =0.7% |

30

=3
&

=3
-

0

(=N - = - ol = , - - (=3
0 20 40 60 80 0 20 40 B0 80 100
8 | PM,.=60381-050601 AERI F'=18% | | PM.,=67726.063842 AERI R =50% | &
o gl
E

100 200

50 100

0

50 100 150 200 250

150

| AQI = 65.297 - 0.15719 AERI

Kb LR

R'=07% AQI = 87.275- 0.66986 AERI R’ =4.4%

=1
8
=
2
&
=3
&
o
=

S 7

| 80, =-6.9472 - 0.01189 AERI

150

100

PM. ;=54 200076348 AERI R =7.8% |

100 200 300 400

]

20

0 40

| PM,; = 94 76 - 0 23463 AERI' R" = 0.2%

PM,,

100 200 300 400
100 200 300 400

0
0

150

50

100

AERI

ME2 FaZ, B, KiPMILFET2020 =S RES5AERIFIHEX M
Attached Fig. 2 Correlation between AERI and air quality in Xi'an, Zhengzhou, Changsha and Shenyang in 2020

PM;;=57.394-0.29515 AER|

R=37%

0 100 200 300 400 500

(L#327)

(6]

(7]
(8]

[9]

(10]

(11]

[12]

[13]

(14]

[15]

wmo.int/pmb_ged/wmo_1150_en.pdf.
Hooke W. Three policies shape enterprise value: minor adjustments
could enhance the societal benefit. An AMS policy program study.
Washington: The American Meteorological Society, 2022.
WMO. WMO-No. 485. Manual on the Global Data-Processing and
Forecasting System. WMO, 2019.
Brunet G, Jones S, Ruti P M. Seamless prediction of the earth
system: from minutes to months. WMO Rep. 1156, 2015. http://
library.wmo.int/pmb_ged/wmo_1156_en.pdf.
Rauser F, Algadi M, Arowolo S, et al. Earth system science frontiers:
an early career perspective. Bulletin of the American Meteorological
Society, 2017,98(6): 1119-1127.
Tromel S, Chwala C, Furusho-Percot C, et al. Near-Realtime
Quantitative Precipitation Estimation and Prediction (RealPEP). Bulletin
of the American Meteorological Society, 2021, 102(8): E1591-E1596.
Hanley K E, Whitall M, Stirling A, et al. Modifications to the
representation of subgrid mixing in kilometre-scale versions of
the Unified Model. Quarterly Journal of the Royal Meteorological
Society, 2019, 145: 3361-3375.
Vitart F, Ardilouze C, Bonet A, et al. The subseasonal to seasonal
(S28) prediction project database. Bulletin of the American
Meteorological Society, 2017, 98(1): 163-173.
Vannitsem S, Bremnes J B, Demaeyer J, et al. Statistical
postprocessing for weather forecasts: review, challenges,
and avenues in a big data world. Bulletin of the American
Meteorological Society, 2021, 102(3): E681-E699.
i, KT, RI#E, F. RE LR 2 LSRR EA
RS A%, 2019,45(4): 445-457.
Schultz M G, Betancourt C, Gong B, et al. Can deep learning beat

[16]

(17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

numerical weather prediction? Philosophical Transactions of the
Royal Society A,2021,379(2194): 20200097.

I, EE, FE E ATEREIAERER TR T A,
Kz A A& 4, 2021, 32(1): 1-11.

JEREHE, ABAOL, 8, . ALE S 5] A 58 2T U S TR o o R
#E. A %,2021,47(3): 274-289.

Ham Y G, Kim J H, Luo J J. Deep learning for multi-year ENSO
forecasts. Nature, 2019, 573: 568-572.

Weyn J A, Durran D R, Caruana R, et al. Sub-seasonal forecasting
with a large ensemble of deep-learning weather prediction models.
Journal of Advances in Modeling Earth Systems, 2021, 13(7):
€2021MS002502.

Powers J G, Werner K K, Gill D O, et al. Cloud computing efforts
for the weather research and forecasting model. Bulletin of the
American Meteorological Society, 2021, 102(6): E1261-E1274.
BR sz, £, TR EREFAR T ORI 2 B AR
J&,2020,10(3): 154-155.

Pappenberger F, Rabier F, Venuti F. Invited perspectives: the
ECMWEF strategy 2021-2030 challenges in the area of natural
hazards. Natural Hazards and Earth System Sciences, 2021, 21(7):
2163-2167.

Droegemeier K K, Jacobs N A. Restructuring of US federal
coordination to advance meteorological services. Bulletin of the
American Meteorological Society, 2022, 103(2): E230-E247.
Jacobs N A. Open innovation and the case for community model
development. Bulletin of the American Meteorological Society,
2021, 102: E2002-E2011.

Palmer T. A vision for numerical weather prediction in 2030.
arXiv, 2020: 2007.04830.

44 | Advances in Meteorological Science and Technology S&EHI#RE 13 (5) - 2023





