
!"#"$%"&'$!()*+,$#-.$/"+0.1*23$$
4+'*,-#'$5)61$"$!"#"$76+'(1.)

86+$9*::*'
!"#$%&'$(")$*+%,*)%-$*".'%/#.*.0"(+

!"#$%&&'%()(&

!"#$%&#'($#)*+#((#,$&-$."&($*+#(#-./.&0-$,0$
-0.$+#*+#(#-.$$."0(#$01$."#$2#,#+/3$4#(#+%#$
5/-6$01$7.3/-./8$."#$2#,#+/3$4#(#+%#$9:(.#;8$
0+$/-:0-#$0."#+$."/-$."#$*+#(#-.#+<$$



!"#$#%&"'&$(#)%*+&#$',-./'01'+2.'3+4*$+*'5./'&$'-,66#)+'#('
%#$.+*)1'6#4&"1

!

!"#$%&'()*+%&%,$+)-&.%/,'0$%&)1"02%/3)4!*-15
*+%&%,$+)67/8"9)!":"'/+;)<"&0"/

! "#$%&'$$ (&)*+,%-& ./0'1,+,%-&$ 2"(.3

! 45'67896:#;<'=

! 7-&$#>'; ?+=>'&,$ :#;<'=

! :#;<'=6-)6"#$%&'$$6@&1';,+%&,=

! 9#,;'+15 A+B

! 9))%1%+*6C-<';&>'&,6:,+,%$,%1$DE+,+
! FGG%,%-&+*6E+,+6:-#;1'$

?;-G#1'G6B=6
F,*+&,+68'G

*=0"/&'( >'0' :%7/+":



3+4*$+*'5./'7.8&#$*4'!"#$#%&"'9$(#)%*+&#$':.+;#)<'=7!9:>?
@ABC'D&-+)&"+'"#$+*"+'&$+.)E&.;-'&$'FGFG

"

!!"#"$%&'()*+)&,-"./&,0+&1-".'02'3%"435"6)3+'3%

7!"#"8'3'3%-"9)4&&1'3%-"435":'*"435";40"<=+&4(+'/3

77"#">+'*'+',0

7?"#"@/30+&)(+'/3

?!#??"#"843)A4(+)&'3%

B7"#"C2/*,04*,"D&45,

BB#BE"#"F,+4'*"D&45,

BG#BH"#"D&430I/&+4+'/3"435"C4&,2/)0'3%

E!"#"J3A/&K4+'/3

E7"#".'343(,"435"J30)&43(,

E?"#"F,4*"<0+4+,"435"F,3+4*"435"L,40'3%

EB"#"M&/A,00'/34*-"N(',3+'A'(-"435"D,(23'(4*"N,&O'(,0

EE"#"8434%,K,3+"/A"@/KI43',0"435"<3+,&I&'0,0

EP"#"$5K'3'0+&4+'O,"435"N)II/&+"435"C40+,"8434%,K,3+"435
F,K,5'4+'/3"N,&O'(,0
P!"#"<5)(4+'/34*"N,&O'(,0

P7"#"6,4*+2"@4&,"435"N/('4*"$00'0+43(,

Q!"#"$&+0-"<3+,&+4'3K,3+-"435"F,(&,4+'/3

Q7"#"$((/KK/54+'/3"435".//5"N,&O'(,0

G!"#":+2,&"N,&O'(,0"R,=(,I+"M)S*'("$5K'3'0+&4+'/3T

H7"#"M)S*'("$5K'3'0+&4+'/3

#$%&'()**+,-./,.*0(1



!"#"$%"&'$!()*+,$#-.$/"+0.1*2

• !"#$%&'($&)*++$%&,%+&,-.*/'&0(,%1$)&+*."%1&'($&"%"'",2&2304+35%&)',1$&
36&'($&/,%+$7"08&,&02$,.&+,',&%$$+&5,)&,))$))"%1&0(,%1$)&"%&
(3*)$(32+&,%+&-*)"%$))&)"'*,'"3%)

• 9(") ("1(2"1('$+ '($&"7/3.',%0$&36&+,',&)3*.0$)&'(,'&/.3#"+$+&
+:%,7"0;/,%$2&#"$5)
!" #!$!%&$% '(&)&*+,-.)/!$+.,*+%*!0!+1!21&*.0&)*$+/&*-.)*+,3+0+34!1%524%+,&%%&%*
6&7!/81&9**:4))&,$*;.841!$+.,*<4)0&="

2" #!$!%&$% '(&)& (.4%&(.13%*!,3*24%+,&%%&%*!)&*!%>&3*?4&%$+.,%*!2.4$*
&78&)+&,@&%*+,*$(&*8!%$A*@4))&,$*@.,3+$+.,%A*!,3*&78&@$!$+.,%*.-*$(&*-4$4)&*
6&7!/81&9**:4))&,$*;.841!$+.,*<4)0&=A*B$1!,$!*C&3*D4%+,&%%*<4)0&=%"

2



!"#"$%"&'3$$;1"::$<('*+.''.'

<35&+3$)&'($&=$+$.,2&>$)$.#$&,66$0'&"%62,'"3%&,%+&$7/23:7$%'?

@A)&'($&=$+$.,2&>$)$.#$&03%+*0')&73%$',.:&/32"0:8&"'&"%62*$%0$)&
$7/23:7$%'&,%+&"%62,'"3%&/."7,."2:&'(.3*1(&*)"%1&"')&/32"0:&'332)&'3&
"%62*$%0$&'($&,#,"2,-"2"':&,%+&03)'&36&0.$+"'&"%&'($&$03%37:BC

D3*.0$E (''/)E;;555B6$+$.,2.$)$.#$B13#;6,F);73%$:GHIJKLB('7

M(,22$%1$E 9($&"7/,0'&36&'($&/,%+$7"0&5,)&$N'.$7$2:&+"66$.$%'&'(,%&,&
':/"0,2&-*)"%$))&0:02$&+35%'*.%8&,%+&'($&73)' "7/,0'$+ "%+*)'."$) (,+ ,
("1($. 03%0$%'.,'"3% 36 )7,22 -*)"%$))$)B

3

https://www.federalreserve.gov/faqs/money_12856.htm


5.0.)":$=.'.)>.$;1"::$<('*+.''$7).0*#$;()>.?

• A%%*,2&)*.#$:&/.3+*0$+&,)&,&0322,-3.,'"3%&,73%1&'($&HI&=$+$.,2&
>$)$.#$&O,%4)

• IPIP DOMD&)*.#$:&03%+*0'$+&"%&'($&6,22&,%+&+,',;.$)*2')&.$2$,)$+&"%&
$,.2:&IPIH

• Q"7"','"3%) 36 '($&)*.#$:E&&"'&")&,&03%#$%"$%0$R),7/2$

• S663.')&'3&.$+*0$&'(")&+,',&1,/E&&/,.'%$.)("/&5"'(&M$%)*)&3%&'($&
+$#$23/7$%'&36&,&6"%,%0$&73+*2$&63.&'($&IPIH&A%%*,2&O*)"%$))&D*.#$:

4



5.0.)":$=.'.)>.$;1"::$<('*+.''$7).0*#$;()>.?

5#$%&'()**0(1(&.-*6(7(&8(*#9.--*:%7;/(77*<&(1;,*#%&8(=

!"!"#$$%&'!()*!!%+,*-(.%!',/*0%%1%%2324%,*56,.%6)%7(,"!%68)*-%&0%5*65$*%67%+6$6,

!"!#$%&"'#()*+($,
#$%&'()*+,'-$.'&/012'*.'&/34$--'%5'6/$%&/789:):$-/012'*.$.);%6

<! "#$%!&'!()*%+,!-,!.//0)$-(.%#12!%+#!,#3)*4!+.15!)5!'6'6!%+0)78+!%+#!,#3)*4!+.15!)5!'6'&9
= !

!! :#03#*%.8#,!(.2!*)%!,7(!%)!&66!;#3.7,#!)*12!%+#!%+0##!(),%!-(/)0%.*%!3+.11#*8#,!.0#!,+)<*9!=##!>//#*4-$!5)0!()0#!4#%.-19
>! :#03#*%.8#,!(.2!*)%!,7(!%)!&66!47#!%)!0)7*4-*89
? !

,+!-&#)$",.)+$%"(./!.)01/&&#!-#)*+($,)#2%#0.).")*/0#)/,)/)(#,3&.)"*).1#)%/!4#$+05))
"#$%!&'!?)*%+,<@=@!)

!!!"#$%&!!!"#$%

!!!'($)*!!!"#&'()

!!!!+$#,%&$-!!!"*%(

!!!./%-0!!!"%%+

!"# !!#

!$#

%&#

12*3$)!%4%$/%5$/$)6

%!#!'#

%(#
%"#

784*2&9*&):9%&3%)*3!!
2*#)2$-)$8&#!82!-/8#;2*#

)!#

)$#

&!#

(%#

'*%0!3*9%&3!<82!!
,283;-)#=#*24$-*#

&+6#&+1""4)*+($,)7+&&),3(8+8#)7+.1"3.)/44+.+"!/&)-"8#(!$#!.))
/,,+,./!0#)3!.+&),/&#,)(#.3(!).")9!"($/&:/;+<#<5)=>?@)&#8#&,A>@?)

!!! !!>*26!;&/$0*/6,,,,,,!!! !!!?89*@(%)!;&/$0*/6,,,,,,!!! !!!A*$)(*2!/$0*/6!&82!;&/$0*/6,,,,,,!!! !!!?89*@(%)!/$0*/6,,,,,, !!!>*26!/$0*/6

'($)*!!
!"-&)$)

"#$%&!!!
!"-.*

./%-0!
!".-),

+$#,%&$-!!!
!"#%-

!)# %"# !&# )!# %!#

!$# %)# !$# )"# !)#

!(# %!# !%# )&# !'#

!!# !*# !$# )"# %&#



D*+*'H*6-?''I.*-,)&$8'J)#8).--'K#;*)/'*'I#).'9$"4,-&E.'
!"#$#%1

>

!"#$%&'%(%#)*%#+%,%-.&#/%0%-(%#1.23#45#6)&.2).7#.2,#)*%#+%,%-.&#/%0%-(%#
84-%#9%2%-.&&:7#;.2#<&.:#.2#'8<4-).2)#-4&%#'2#*%&<'29#)4#-%,=;%#-.;'.&#
'2%>=')'%0#.2,#$-'29#.$4=)#.#84-%#'2;&=0'(%#%;4248:?@####

RR>,/(,$2&O3)'"0

!"#"$%&'(")"$*"+)'(%,-).'%/#'01"'2,3/3.4'5"6-/%$'7"$-")
E F/81.=/&,$
E F34@!$+.,
E G.4%+,H
E F@.,./+@%*;).-&%%+.,
E F,$)&8)&,&4)%(+8



D*+*'L2*44.$8.-?''L#%64&"*+./'I*+"2&$8'!((#)+-'7.M,&)./'+#'
N+,/1'7*"&*4'D&-6*)&+&.-

?

Figure 1: Rates on outstanding mortgages: Black versus Non-Hispanic White Borrowers for
mortgages originated between 1996-2015
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Notes: This figure displays the rate gap for Black and Non-Hispanic White borrowers with 30-year FRMs.
New Loans are originated in the quarter and Active loans are all outstanding loans. Data to compute
the rate gaps comes from the HMDA-McDash database. The Wu-Xia Shadow Fed Funds rate comes from
https://www.frbatlanta.org/cqer/research/wu-xia-shadow-federal-funds-rate.

Figure 2: The evolution of interest rates and mortgage interest payments, 2005-2020.
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Notes: The 30-year FRM rate is the Freddie Mac Primary Mortgage Market Survey rate
(http://www.freddiemac.com/pmms/). Mortgage Interest paid comes from the Bureau of Economic Anal-
ysis (https://www.bea.gov/national/supplementary)
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Figure 5: Unconditional Quarterly Refinance Hazards for Black and Non-Hispanic White
borrowers.
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Notes: Hazard is defined as the percentage of matched HMDA-McDash-CRISM loans at the beginning of a quarter
that refinanced by the end of the quarter. Events are QE1: Annoucement of original LSAP in November 2008.
QE2; Bernanke’s August 2010 speech suggesting an expansion of LSAPs. QE3: FOMC vote to buy $40b bonds
per month in September 2012. Taper: Bernanke 2013 FOMC press conference suggesting that FOMC would wind
down purchases of MBS.

Figure 6: Responses to gain from exercising the refinance option.
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Notes: This figure shows a binned scatter plot of the hazard of refinance as a function of the gain from exercising
the refinance option as calculated in Deng et al. (2000).
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