«Conneynas u conneyno-semuas Qusuxa — 2018y, Canxm-Ilemepbype, Ilyakoso, 8 — 12 okmabps

RELATION BETWEEN SOLAR ACTIVITY PARAMETERS
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CBS3b MEJKY IAPAMETPAMM COJTHEUHON AKTUBHOCTH
A 3J1b HUHbBO

Kupos b., I'eopruena K.

Hucmumym kocmuueckux uccineosanuii u mexnonoeu — bAH, Coghus, boneapus

Honzonepuoouueckue gaykmyayuu KIumMama 4acmo CsA3aHvl ¢ KPYNHOMACUMAOHBIMU
UBMEHEHUAMU 8 AMMOCHEPHOL YUPKVIAYUU, SIUAIOUWUMU HA PA3HbIE U BUOUMO HECEA3AHHbIE
yacmu 3emau. [Ipumep maxozco asnenuss — v Hunvo/FOocnas ocyunnayus (El Nifio/Southern
Oscillation — ENSO). 9nv Hunvo/IOxcnas ocyunnayus s6isaemcs 603mMyueHuemMm OKeaHCKo-
ammocgepnoll cucmemuvl 8 mponuieckom Tuxom oKeame ¢ 8aHCHLIMU NOCIEOCMBUAMU O NO-
2006l U KauMama 60 ecem mupe. Bo epemsa cobwimuii One Hunvo (nonodxcumenvhas ¢asa
ENSO) memnepamypa mopckoul 600bl 6 3K6amopuaivHom Tuxom okeane CMAaHOBUMCA euje
blllle, naccamvl 8 YeHMpAIbHOU U 3anaoHoll yacmu Tuxozo oxeama ociabneHvl, UHMEHCUB-
Hble 0CaoKu nepeosuearomes K 60CMoKYy, npueoos Kk 3amonienusm 6 Ilepy u k 3acyxam 6 Hn-
oonesuu u Aecmpanuu. Ilepeogudicenue Kk 60CMOKYy ammocgh)epHo20 UCMOYHUKA Menia HAo
camotl menjyiot 8000t NPUBOOUM K OONbUIUM USMEHEHUAM 8 2100AbHOU amMOCGepHOl Yyup-
KYIAYUU, 4mo 6 C8010 ouepedb 8bl3bl8dem UMEHEHUs. N0200bl 8 PECUOHAX, 8eCbMA YOUIeHHbIX
om mponuyeckoeo Tuxo2o okeaua.

B nacmosweii pabome moi cpagnusaem eexogvie sapuayuu ENSO c eexogvimu éapua-
YUSAMU COTHEYHOU AKMUBHOCMU U HAXOOUM MECHYIO C8:13b MedcOy Humu. Muvl npeononacaem,
Ymo 6IUAHUE COTHEYHOU AKMUBHOCMU HA MO KPYNHOMACUIMAOHOe seleHue 00YCl081eHO
ammocgepuvimu yenmpamu 0elucmeis, Komopule n008epI*CeHbl USMEHEHUIM UHMEHCUBHOCU
U pacnonodcenuss N0O IUAHUEM O0N20CPOUHBIX 8APUAYUT COTHEYHOU AKMUBHOCHIU.
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Introduction

During normal, non El Nifio conditions (Fig. 1a) the trade winds are strong,
sea level at Indonesia is about half a meter higher than at Peru. The water is
colder in the east and warmer in the west. The thermocline in the west is deep
(150 m) and shallow (30 m) in the east. The rising air over the warm pool in the
western Pacific is associated with rainfall. In the process, heat is released.

El Nifio is a disruption of the ocean-atmosphere system in the Tropical Pa-
cific having important consequences for weather and climate around the globe.
During El Nifio events (Fig. 1b), sea surface temperatures in the east equatorial
Pacific becomes warmer and the center of the west Pacific warm pool migrates
eastwards, the trade winds relax in the central and western Pacific leading to a
depression of the thermocline in the eastern Pacific, and an elevation of the
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thermocline in the west. Rainfall follows the warm water eastward, with associ-
ated flooding in Peru and drought in Indonesia and Australia.

The eastward displacement of the atmospheric heat source overlaying the
warmest water results in large changes in the global atmospheric circulation,
which in turn force changes in weather in regions far removed from the tropical
Pacific [1].
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This phenomenon influences great parts of the world and has therefore ma-
jor contribution to global climate on the year-to-year time-scales. However, the
fundamental mechanisms behind the variability of El Nifio, especially on deca-
dal and longer time-scales, are still unclear.

Data

To study the long-term trends of El Nifio, we use the reconstruction of
Quinn et al. [2] and the update of Ortlieb [3]. They based their identification up-
on a literature search for the occurrence over the north Peruvian coastal region
and its adjacent waters of significant variations of travel times between ports
along the coast of Peru, data from ship logs noting unusual sea and weather con-
ditions, sensing unusual sea and air temperatures, etc. Quinn et al. ranged their
index in six categories: from 0 — neutral or cold (La Nifia) to 6 — very strong. For
more recent times, we use the Cold Tongue Index (CTI) — the average SST
anomalies over 6N-6S, 180-90W [4].

The index of Quinn et al. spans back to 1525. For this early time we have
no sunspot data, so for the evaluation of solar activity we use the group sunspot
data of Hoyt and Schatten beginning in 1610 [5]. For comparison of solar activi-
ty with CTl we use mean annual international sunspot numbers provided
through ftp://ftp.ngdc.noaa.gov/STP/SOLAR_DATA/SUNSPOT_NUMBERS.

El Nifio and solar activity
The comparison between Quinn’s El Nifio index and the group sunspot
numbers is presented in Fig. 2. The dependence of El Nifio on solar activity is
with a correlation coefficient of —75.8 with p = 0.000001. For verification, in
Fig.3 CTI and international sunspot numbers are presented for the period 1871-
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1998. The correlation between their 30-year climatic normals is —67.3 with
p =0.02.
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Fig. 3.

The relation between EI Nifio and

: solar activity is further demonstrated

by the superposed epoch method. In

1 T this method, the average value of

Quinn’s index (the intensity of EI Ni-

fio) iIs calculated in the years of solar

L. Maximum, one year before and after

) the maximum, two years before and

Fig. 4. afte the maximim, etc. (Fig. 4).

A clearly expressed minimum is observed one year before solar maximum.

The statistical significance is evaluated with Student’s t-criterion, and it better
than 99% with t = 3.62 for 74 degrees of freedom.

El Nifio and the southern hemisphere centers of action

For the Southern Hemisphere centers of action, the data set begins in 1958,
so their 30-year averages cannot be directly compared to solar activity. There-
fore, to study their behavior in the secular solar cycle, we have compared the
values of the pressure anomalies relative to the overall mean in consecutive solar
activity maxima: 1958, 1968, 1979 and 1989. The pressure in the Indian Ocean
High (west of the Dateline, 77.5°E, 31.2°S) is inversely related to solar activity,
with r = -0.80 for the ““winter”” months (December to January) — Fig. 5, top pan-
el. To the east of the Dateline, in the Southern Pacific High — 117°W, 31.4°S
(Fig. 5, bottom panel), the pressure is in phase with solar activity, the highest
correlation being for ““autumn’ (September to November): r = 0.80. (EI Nino
phenomena begin in the end of the year). For this small number of data points, it
is difficult to evaluate the statistical significance, however the pressure differ-
ences in both centers of action are more than twice the standard deviations (DP =
081 mb with r = 0.37 mb for the Southern Pacific High, and
DP = 0.65 mb with r = 0.31 mb for the Indian Ocean High).
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Fig. 5. Solar activity in four consecutive 11-year cycles maxima (broken line) and average
pressure anomalies (solid line) from December to February — Pdjf — in the Indian Ocean High,
top panel, and from September to November — Pson — in the Southern Pacific High, bottom
panel.

Summary

The large-scale phenomenon orchestrating global climate, El Nifio, under-
goes long-term variations closely related to the secular solar activity variations.
Both the intensity and occurrence frequency of El Nifio are low at secular solar
maximum and high at secular solar minimum. In the 11-year solar cycle, EI Nino
has a statistically significant minimum one year before solar activity maximum.

The influence of solar activity on El Nifio is mediated by the atmospheric
centers of action, which change their strength and position in response to long-
term changes of solar activity. In the Northern Pacific Ocean, the pressure in
both the Hawaiian High and the Aleutian Low drops, they move to higher lati-
tudes, the Hawaiian High is displaced to the east, and the Aleutian Low to the
west with increasing solar activity. In the Southern hemisphere, the pressure in
the Indian Ocean High decreases, and in the Southern Pacific High increases
with increasing solar activity. Conditions in secular solar maximum are more un-
favorable for initiating El Nifio. The mechanisms through which solar activity af-
fects atmospheric circulation and baric systems are still a matter of controversy.
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