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Ground-based estimates of outer radiation belt energetic electron precipitation fluxes 
into the atmosphere 

K$2L"#%.#/)L%*+%.-)->"#2%?/#3%4+%D/<G-"%K$#B%*+%9-):8%;8$</=%@+%K/)(/%;"#$%@+%A"EEC-C%&'')3/%4+%D#""'%
6/'"(%M+%;8$<=$'%N")-%*+%A/7>/72%6"/'0&'2#O%P+%Q/##$(%?):8"-%R%
*%9')>"#=)(B%$I%F(/L$+%%4%J#)()=8%&'(/#:():%A7#>"B%SN,K.T+%%@%A$2/'3B-C%D"$E8B=):/-%FG="#>/($#B%
S9')>"#=)(B%$I%F7-7T+%%M%AE/:"%U"/(8"#%Q#"2):()$'%."'("#%SNF&&T+%%P%."'(#"%2V,(72"%AE/()/-"%2"=%
K/B$''"<"'(=+%%R%W/G$#/($)#"%2"%Q8B=)X7"%"(%.8)<)"%2"%-V,'>)#$''"<"'(!

:7++/2*08!*A/+/!1)!12*/2)/!C/(,*/!,)!*?!*A/!70*1=,*/!/EE/-*)!?E!)?0,+!,-*1B1*8!?2!*+?>?)>A/+1-!,2C!
)*+,*?)>A/+1-!B,+1,(101*83!>,+*1-70,+08!*A+?7DA!C1+/-*!,2C!12C1+/-*!/EE/-*)!?E!-A/=1-,0!-A,2D/)!
12C7-/C!(8!/2/+D/*1-!>,+*1-0/!>+/-1>1*,*1?2G!Z?Q/B/+3!*A/+/!,+/!N/8!72+/)?0B/C!O7/)*1?2)!
-?2-/+212D!*A/!72C/+)*,2C12D!?E!*A/!/EE/-*)!?E!/2/+D/*1-!>,+*1-0/!>+/-1>1*,*1?2!?2!*A/!0?Q/+!
,*=?)>A/+/3!?2/!?E!QA1-A!1)!=,D21*7C/!,2C!*/=>?+,0!B,+1,(101*8!?E!>+/-1>1*,*12D!+,C1,*1?2!(/0*!
/2/+D/*1-!/0/-*+?2)G!W/E121*1B/!,2)Q/+)!,+/!B/+8!C1EE1-70*!*?!>+?B1C/!E+?=!),*/001*/!
=/,)7+/=/2*)!,0?2/!(/-,7)/!?E!*A/!-?=>0/P1*8!12!=/,)7+12D!/0/-*+?2!E07P/)!72,=(1D7?7)08!
12!*A/!QA?0/!(?72-/40?))!-?2/!Q1*A?7*!-?2*,=12,*1?2!E+?=!E07P/)!12!*A/!C+1E*40?))!-?2/!?+!
*+,>>/C!E07P/)G!

U2!*A1)!)*7C8!Q/!A,B/!7)/C!''@WWR'@[!C,*,!E+?=!,!+,C1?Q,B/!+/-/1B/+!12!"?C,2N80K3!
T120,2C!*?!=?21*?+!*+,2)=1))1?2)!E+?=!*A/!B/+8!0?Q!E+/O7/2-8!-?==721-,*1?2)!*+,2)=1**/+3!
\''3!X&]G9!NZJ3!]]^\3!5_^`3!Wa&GLY!12!b"'!)12-/!&99]G!#A/!*+,2)=1))1?2)!,+/!12E07/2-/C!
(8!?7*/+!+,C1,*1?2!(/0*!XWac4_Y!/2/+D/*1-!/0/-*+?2!>+/-1>1*,*1?2G!U2!*A1)!)*7C8!Q/!A,B/!(//2!
,(0/!*?!)A?Q!*A,*!*A/!?()/+B/C!*+,2)=1))1?2!,=>01*7C/!B,+1,*1?2)!-,2!(/!7)/C!*?!+?7*12/08!
C/*/+=12/!*A/!E07P!?E!/2/+D/*1-!/0/-*+?2)!/2*/+12D!*A/!,*=?)>A/+/G!;7+!,2,08)1)!?E!*A/!\''!
?()/+B,*1?2)!)A?Q)!*A,*!/0/-*+?2!>+/-1>1*,*1?2!E07P/)!-,2!B,+8!(8!*A+//!?+C/+)!?E!=,D21*7C/!
C7+12D!D/?=,D2/*1-!)*?+=)G!:?=>,+1)?2!?E!*A/!D+?72C4(,)/C!/)*1=,*/)!?E!>+/-1>1*,*1?2!E07P!
Q1*A!),*/001*/!?()/+B,*1?2)!E+?=!W<V<#<@!,2C!$;<"!12C1-,*/)!,!(+?,C!,D+//=/2*!C7+12D!
D/?=,D2/*1-!)*?+=)3!(7*!)?=/!C1EE/+/2-/)!12!*A/!O71/*4*1=/!0/B/0)3!Q1*A!*A/!),*/001*/)!
?()/+B12D!A1DA/+!E07P/)!*A,2!*A?)/!?()/+B/C!E+?=!*A/!D+?72CG!#8>1-,008!QA/2!,B/+,D12D!?B/+!
Wac4_!Q/!E12C!*A,*!*A/!d%99!N/R!$;<"!e*+,>>/Cf!E07P/)!>/,N!,*!,(?7*!%95!/0G-=4&)4%)*+4%!
C7+12D!D/?=,D2/*1-!)*?+=)3!Q1*A!*A/!W<V<#<@!d%99!N/R!C+1E*!0?))!-?2/!)A?Q12D!>/,N!
E07P/)!?E!%9H!/0G-=4&)4%)*+4%3!,2C!(?*A!*A/!$;<"!d%99!N/R!e0?))f!E07P/)!,2C!*A/!\''!D+?72C4
(,)/C!d%99!N/R!>+/-1>1*,*1?2!E07P/)!)A?Q12D!>/,N)!?E!g%9]!/0G-=4&)4%)*+4%G!#A/!,2,08)1)!?E!
\''!,=>01*7C/!B,+1,(101*8!A,)!*A/!>?*/2*1,0!?E!>+?B1C12D!,!C/*,10/C3!2/,+!+/,04*1=/3!>1-*7+/!?E!
/2/+D/*1-!/0/-*+?2!>+/-1>1*,*1?2!E07P/)!E+?=!*A/!?7*/+!+,C1,*1?2!(/0*)G!

!


