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∆𝐸𝐷𝐹

 
1 𝑍 − 𝑠𝑐𝑜𝑟𝑒 = [𝐸(𝑟𝑜𝑎)  +  𝑐𝑎𝑟]/𝜎(𝑟𝑜𝑎) 𝜎(𝑟𝑜𝑎)

𝑐𝑎𝑟 +  𝑟𝑜𝑎 ≤ 0

𝑟𝑜𝑎 ≤ −𝑐𝑎𝑟 𝑐𝑎𝑟 <  𝜋

𝜋
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𝑍 − 𝑠𝑐𝑜𝑟𝑒 =
𝐶𝑎𝑟𝑡 + 𝑅𝑂𝐴𝑡

σ𝑟𝑜𝑎

σ𝑟𝑜𝑎

𝐶𝐴𝑅 +  𝑅𝑂𝐴 ≤ 0

𝑅𝑂𝐴 ≤ −𝐶𝐴𝑅 𝐶𝐴𝑅 <  𝜋

π
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∆𝐹𝑒𝑑

𝒊 = 𝒓∗ + 𝝅 + 𝟎. 𝟓(𝝅 − 𝝅∗) + 𝟎. 𝟓𝒚

𝑟∗ 𝜋∗

𝑦
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3 https://www.newyorkfed.org/research/policy/rstar 

https://www.newyorkfed.org/research/policy/rstar
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𝑟𝑡̃
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𝑌𝑡 = 𝐴0 + 𝐴(𝐿)𝑌𝑡 + 𝜖𝑡

Δ𝐼𝑛𝑑𝑝𝑟𝑜 Δ𝑝𝑐𝑒𝑝𝑖 Δ𝑓𝑒𝑑𝑟𝑎𝑡𝑒 Δ𝑡𝑟𝑒𝑎𝑠10𝑦 Δ𝑚𝑏𝑠10𝑦 Δ𝑓𝑒𝑑𝑑10𝑦 Δ𝑔𝑠10𝑦 Δ𝑠𝑝500

Δ𝐼𝑛𝑑𝑝𝑟𝑜 Δ𝑝𝑐𝑒𝑝𝑖 Δ𝑓𝑒𝑑𝑟𝑎𝑡𝑒

Δ𝑡𝑟𝑒𝑎𝑠10𝑦 Δ𝑚𝑏𝑠10𝑦

Δ𝑓𝑒𝑑𝑑10𝑦

Δ𝑔𝑠10𝑦 Δ𝑠𝑝500
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𝐑𝐢𝐬𝐤𝒊,𝒕 = 𝝀𝒊 + 𝛂𝐑𝐢𝐬𝐤𝒊,𝒕−𝟏 + ∑ 𝜹𝒋∆𝐑𝐞𝐬𝐌𝐏𝒕−𝒋

𝟏

𝒋=𝟎

+ ∑ 𝜷𝒋𝐗𝟏,𝒕−𝒋

𝟏

𝒋=𝟎

+ 𝝓𝑿𝟐𝒊,𝒕−𝟏 + 𝑼𝑵𝑪 + ∑ 𝜼𝒋𝐒𝐃𝒕

𝟒

𝒋=𝟏

+  𝜺𝒊,𝒕

𝐑𝐞𝐬𝐌𝐏𝒕 𝑿𝟏𝒕 𝑿𝟐𝒊𝒕
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𝑅𝑒𝑠𝐹𝑒𝑑𝑟𝑎𝑡𝑒𝑡−1



 

14 
 

 (1) 

VARIABLES Bank’s Z-score 

  

𝑍 − 𝑠𝑐𝑜𝑟𝑒𝑡−1  1.075*** 

 (0.0188) 

𝑅𝑒𝑠𝐹𝑒𝑑𝑟𝑎𝑡𝑒𝑡−1  -0.506** 

 (0.233) 

𝑅𝑒𝑠𝐹𝑒𝑑𝑟𝑎𝑡𝑒𝑡  0.608 

 (0.422) 

Δ𝐹𝑒𝑑𝑟𝑎𝑡𝑒𝑡−1  0.445 

 (0.315) 

Δ𝐹𝑒𝑑𝑟𝑎𝑡𝑒𝑡   -0.648 

 (0.428) 

unc 0.308** 

 (0.134) 

Banks FE Yes 

Controls Yes 

SD Yes 

  

Observations 17,871 

Number of no 259 

Number of instruments 81 

AR(2) 0.222 

Hansen test 0.480 

𝑅𝑒𝑠𝐹𝑒𝑑𝑟𝑎𝑡𝑒 Δ𝐹𝑒𝑑𝑟𝑎𝑡𝑒

3 ∗ 10−6
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 (2) (3) (4) 
VARIABLES Bank’s Z-score Bank’s Z-score Bank’s Z-score 

    
𝑍 − 𝑠𝑐𝑜𝑟𝑒𝑡−1  1.063*** 1.074*** 1.083*** 

 (0.0251) (0.0180) (0.0235) 

𝑅𝑒𝑠𝑇𝑟𝑒𝑎𝑠𝑡−1 -3.51e-06   
 (5.01e-06)   

𝑅𝑒𝑠𝑇𝑟𝑒𝑎𝑠𝑡  1.56e-05*   
 (8.07e-06)   

Δ𝑇𝑟𝑒𝑎𝑠𝑡−1  1.21e-05*   
 (6.23e-06)   

Δ𝑇𝑟𝑒𝑎𝑠𝑡  -1.92e-05**   
 (8.67e-06)   

𝑅𝑒𝑠𝑀𝑏𝑠𝑡−1   -3.24e-06*  
  (1.69e-06)  

𝑅𝑒𝑠𝑀𝑏𝑠𝑡   5.37e-06**  
  (2.54e-06)  

Δ𝑀𝑏𝑠𝑡−1   4.27e-06***  
  (1.53e-06)  

Δ𝑀𝑏𝑠𝑡   -3.74e-06*  
  (1.94e-06)  

𝑅𝑒𝑠𝐹𝑒𝑑𝑑10𝑦𝑡−1    -0.00210* 

   (0.00108) 

𝑅𝑒𝑠𝐹𝑒𝑑𝑑10𝑦𝑡     0.00111 

   (0.00114) 

Δ𝐹𝑒𝑑𝑑10𝑦𝑡−1    0.000884* 

   (0.000525) 

Δ𝐹𝑒𝑑𝑑10𝑦𝑡     -0.000490 

   (0.000324) 

unc 0.525** 0.386** 0.457*** 

 (0.211) (0.157) (0.149) 

Banks FE Yes Yes Yes 

Controls Yes Yes Yes 

SD Yes Yes Yes 

    

Observations 17,871 17,871 17,612 

Number of no 259 259 259 

Number of instruments 81 81 82 

AR(2) 0.605 0.706 0.837 

Hansen test 0.117 0.462 0.09 

𝑅𝑒𝑠𝐹𝑒𝑑𝑟𝑎𝑡𝑒 Δ𝐹𝑒𝑑𝑟𝑎𝑡𝑒

𝑅𝑒𝑠𝑇𝑟𝑒𝑎𝑠

∆𝑇𝑟𝑒𝑎𝑠10𝑦 𝑅𝑒𝑠𝑚𝑏𝑠10𝑦

∆𝑀𝑏𝑠10𝑦

𝑅𝑒𝑠𝐹𝑒𝑑𝑑10𝑦

∆𝐹𝑒𝑑𝑑10𝑦
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𝑅𝑒𝑠𝐹𝑒𝑑𝑡−1

 (5) (6) (7) 

VARIABLES 𝐿𝑜𝑎𝑛𝑔𝑟𝑜𝑤𝑡ℎ𝑡 𝐵𝑢𝑠𝑖𝑛𝑒𝑠𝑠𝑡  𝑅𝑜𝑎𝑡 

    

𝐿𝑜𝑎𝑛𝑔𝑟𝑜𝑤𝑡ℎ𝑡−1  1.009***   

 (0.0232)   

𝐵𝑢𝑠𝑖𝑛𝑒𝑠𝑠𝑡−1   -0.204  

  (0.277)  

𝑅𝑜𝑎𝑡−1    1.040*** 

(0.0330) 

𝑅𝑒𝑠𝐹𝑒𝑑𝑟𝑎𝑡𝑒𝑡−1  -12.65* 74.13** 0.443* 

 (7.53) (33.90) (0.245) 

𝑅𝑒𝑠𝐹𝑒𝑑𝑟𝑎𝑡𝑒𝑡  1.29 46.26 -0.128 

 (16.7) (104.2) (0.520) 

Δ𝐹𝑒𝑑𝑟𝑎𝑡𝑒𝑡−1  0.720 27.62 -0.224 

 (11.43) (69.26) (0.396) 

Δ𝐹𝑒𝑑𝑟𝑎𝑡𝑒𝑡   -2.56 -66.65 -0.0842 

 (9.76) (57.06) (0.384) 

unc -3.808 11.38 -0.0890 

 (4.492) (29.57) (0.299) 

Banks FE Yes Yes Yes 

Controls Yes Yes Yes 

SD Yes Yes Yes 

    

Observations 17,871 17,871 17,871 

Number of no 259 259 259 

Number of instruments 79 79 76 

AR(2) 0.358 0.154 0.872 

Hansen test 0.786 0.453 0.619 

𝑅𝑒𝑠𝐹𝑒𝑑𝑟𝑎𝑡𝑒 Δ𝐹𝑒𝑑𝑟𝑎𝑡𝑒

𝐿𝑜𝑎𝑛𝑔𝑟𝑜𝑤𝑡ℎ 𝐵𝑢𝑠𝑖𝑛𝑒𝑠𝑠
𝐶𝑜𝑚𝑚𝑒𝑟𝑐𝑖𝑎𝑙 𝐿𝑜𝑎𝑛𝑠

𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝐿𝑜𝑎𝑛𝑠
𝑅𝑜𝑎
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 (5) 

VARIABLES 𝑍 − 𝑠𝑐𝑜𝑟𝑒𝑡  

  

𝑍 − 𝑠𝑐𝑜𝑟𝑒𝑡−1  1.063*** 

 (0.0203) 

𝑅𝑒𝑠𝐹𝑒𝑑𝑟𝑎𝑡𝑒𝑡−1  -0.551** 

 (0.272) 

𝑅𝑒𝑠𝐹𝑒𝑑𝑟𝑎𝑡𝑒𝑡  0.0337 

 (0.293) 

𝑅𝑒𝑠𝑇𝑟𝑒𝑎𝑠𝑡−1  -5.69e-06* 

 (3.43e-06) 

𝑅𝑒𝑠𝑇𝑟𝑒𝑎𝑠𝑡  -8.30e-06* 

 (4.99e-06) 

𝑅𝑒𝑠𝑀𝑏𝑠𝑡−1  1.98e-06 

 (1.66e-06) 

𝑅𝑒𝑠𝑀𝑏𝑠𝑡  1.19e-06 

 (1.48e-06) 

𝑅𝑒𝑠𝐹𝑒𝑑𝑑10𝑦𝑡−1  -0.000875 

 (0.00142) 

𝑅𝑒𝑠𝐹𝑒𝑑𝑑10𝑦𝑡   0.00129 

 (0.00115) 

unc 0.662*** 

 (0.205) 

Banks FE Yes 

Controls Yes 

SD Yes 

  

Observations 17,871 

Number of no 259 

Number of instruments 81 

AR(2) 0.527 

Hansen test 0.252 

𝑅𝑒𝑠𝐹𝑒𝑑𝑟𝑎𝑡𝑒 Δ𝐹𝑒𝑑𝑟𝑎𝑡𝑒

𝑅𝑒𝑠𝑇𝑟𝑒𝑎𝑠

∆𝑇𝑟𝑒𝑎𝑠10𝑦 𝑅𝑒𝑠𝑚𝑏𝑠10𝑦
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∆𝑀𝑏𝑠10𝑦

𝑅𝑒𝑠𝐹𝑒𝑑𝑑10𝑦

∆𝐹𝑒𝑑𝑑10𝑦
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 (9) 

VARIABLES 𝑃𝐷3𝑚𝑡 

  

𝑃𝐷3𝑚𝑡−1  0.797*** 

 (0.0885) 

𝑅𝑒𝑠𝐹𝑒𝑑𝑟𝑎𝑡𝑒𝑡−1  0.00989*** 

 (0.00378) 

𝑅𝑒𝑠𝐹𝑒𝑑𝑟𝑎𝑡𝑒𝑡  -0.00177 

 (0.0124) 

Δ𝐹𝑒𝑑𝑟𝑎𝑡𝑒𝑡−1  -0.00681 

 (0.00741) 

Δ𝐹𝑒𝑑𝑟𝑎𝑡𝑒𝑡    -3.68e-05 

 (0.0107) 

unc -0.00355 

 (0.00738) 

Banks FE Yes 

Controls Yes 

SD Yes 

  

Observations 17,871 

Number of no 259 

Number of instruments 81 

AR(2) 0.158 

Hansen test 0.12 

𝑅𝑒𝑠𝐹𝑒𝑑𝑟𝑎𝑡𝑒 Δ𝐹𝑒𝑑𝑟𝑎𝑡𝑒
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https://www.bis.org/publ/bppdf/bispap66p.pdf
https://ssrn.com/abstract=2567575
https://dx.doi.org/10.2139/ssrn.2567575
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http://www.dallasfed.org/assets/documents/institute/wpapers/2015/0255.pdf
https://ssrn.com/abstract=2702112
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𝑖 = 𝑟∗ + 𝜋 + 0.5(𝜋 − 𝜋∗) + 0.5𝑦 𝑟∗

𝜋∗



 

27 
 

Variable Obs Mean Std.Dev. Min Max 

Z-score 18,907 3.202 2.786 -5.671 20.99 

PD3m 18,907 0.000337 0.00406 1.00e-09 0.186 

Liquidity 18,907 87.85 18.69 19.92 892.1 

Loan growth 18,907 10.19 17.50 -62.19 286.7 

Tier1 18,907 12.71 3.706 2.650 136 

Size 18,907 7.714 1.638 4.153 14.78 

Efficicency ratio 18,907 64.69 23.18 -378.3 1700 

ROA 18,907 0.877 0.820 -15.25 7.198 

Business 18,907 3.792 14.06 0.00794 709.9 

GDP growth 18,907 0.968 0.669 -1.952 2.244 

Δ𝐹𝑒𝑑𝑟𝑎𝑡𝑒  18,648 -0.0591 0.425 -1.433 0.520 

Taygap 18,907 -1.023 1.334 -4.335 2.176 

Δ𝑆ℎ𝑖𝑙𝑙𝑒𝑟 ℎ𝑝  18,648 1.345 3.377 -8.096 7.945 

Δ𝑆𝑙𝑜𝑝𝑒10𝑦2𝑦  18,648 0.00537 0.285 -0.505 0.859 

Δ𝐹𝑆𝐼  18,648 -0.0102 0.783 -3.164 4.647 

Δ𝑇𝑟𝑒𝑎𝑠  18,648 8581 17261 -12732 79842 

Δ𝑀𝑏𝑠  18,648 22321 68252 -77492 319545 

Δ𝐹𝑒𝑑𝑑10𝑦  18,648 32.60 153.7 0 1155 

Δ𝐼𝑛𝑑𝑝𝑟𝑜𝑑  18,648 0.165 1.331 -5.666 1.982 

Δ𝑃𝐶𝐸𝑃𝐼  18,648 0.453 0.412 -1.596 1.079 

Δ𝑆&𝑃500  18,648 1.231 7.759 -27.89 22.32 

Δ𝐺𝑆10𝑦  18,648 -0.0352 0.330 -0.840 0.713 

ResTreas 18,130 -4.38e-05 11872 -41965 61864 

ResMbs 18,130 5.67e-06 26833 -77370 100715 

ResFedd10y 18,130 5.28e-08 49.67 -155.8 155.5 

ResFedrate 18,130 5.99e-10 0.208 -0.619 0.724 

𝐹𝑒𝑑𝑟𝑎𝑡𝑒

𝑆ℎ𝑖𝑙𝑙𝑒𝑟 ℎ𝑝

𝑆𝑙𝑜𝑝𝑒10𝑦2𝑦

𝐹𝑆𝐼

𝑇𝑟𝑒𝑎𝑠

𝑀𝑏𝑠

𝐹𝑒𝑑𝑑10𝑦

I𝑛𝑑𝑝𝑟𝑜𝑑

𝑃𝐶𝐸𝑃𝐼

𝑆&𝑃500

𝐺𝑆10𝑦

https://fred.stlouisfed.org/
https://fred.stlouisfed.org/
https://fred.stlouisfed.org/
https://fred.stlouisfed.org/
https://fred.stlouisfed.org/
https://fred.stlouisfed.org/
https://fred.stlouisfed.org/
https://fred.stlouisfed.org/
https://fred.stlouisfed.org/
https://fred.stlouisfed.org/
https://www.quandl.com/data/YALE/SPCOMP-S-P-Composite
https://fred.stlouisfed.org/
https://fred.stlouisfed.org/
https://fred.stlouisfed.org/
https://fred.stlouisfed.org/
https://fred.stlouisfed.org/
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(obs=18,130)          

          

 Z PD3m Liquidity Loan 

growth 

Tier 1 Size Efficiency ROA Business 

Z 1         

PD3m -0.0787 1        

Liquidity -0.192 0.0667 1       
Loan growth 0.0483 -0.0119 0.113 1      

Tier1 ratio 0.0870 -0.0659 -0.307 -0.126 1     

Size -0.00330 -0.0297 0.104 0.0535 -0.164 1    
Efficiency -0.218 0.0551 -0.0473 -0.0968 0.0151 -0.119 1   

ROA 0.482 -0.0661 0.0182 0.197 0.00450 0.0832 -0.298 1  

Business -0.0738 -0.00580 0.0536 0.0286 -0.0221 0.0441 -0.0402 -0.00420 1 
GDP 0.0199 -0.0547 -0.0428 0.0199 -0.0100 -0.0208 -0.0272 0.0426 0.00820 

𝚫𝑭𝒆𝒅𝒓𝒂𝒕𝒆  0.000300 -0.0214 -0.0464 -0.0119 0.0374 0.0526 -0.00240 0.0118 0.0293 

𝚫𝑺𝒉𝒊𝒍𝒍𝒆𝒓 𝒉𝒑  0.0310 -0.0614 -0.0824 0.0267 0.0185 -0.0144 -0.0436 0.0702 0.0148 

𝚫𝑺𝒍𝒐𝒑𝒆𝟏𝟎𝒚𝟐𝒚  0.00820 0.0166 0.0498 0.0257 -0.0385 -0.0316 -0.000100 0.0132 -0.0263 

𝚫𝑭𝑺𝑰  0.00380 -0.0376 -0.000900 0.00980 -0.0103 0.00180 -0.00660 0.00500 0.00170 

𝚫𝑻𝒓𝒆𝒂𝒔  -0.0796 0.0130 -0.0943 -0.124 0.0832 0.0117 0.0495 -0.182 -0.000900 

𝚫𝑴𝒃𝒔  -0.0239 0.0611 0.0246 -0.0588 0.0260 0.0111 0.0329 -0.0462 -0.00340 

𝚫𝑭𝒆𝒅𝒅𝟏𝟎𝒚  -0.00890 0.0661 0.0719 -0.0254 -0.0128 0.00140 0.00910 -0.0144 -0.0108 

𝚫𝑰𝒏𝒅𝒑𝒓𝒐𝒅  -0.0148 -0.0327 -0.0566 -0.00880 0.0271 0.00350 0.00190 -0.0357 0.00340 

𝚫𝑷𝑪𝑬𝑷𝑰  0.0116 -0.0185 0.0148 0.0107 -0.0443 -0.0290 -0.0197 0.0193 -0.00840 

𝚫𝑺&𝑷𝟓𝟎𝟎  -0.0202 0.0106 -0.0280 -0.0320 0.0353 0.0269 0.0222 -0.0399 0.00720 

𝚫𝑮𝑺𝟏𝟎𝒚  0.0120 -0.0139 -0.0151 0.00410 0.00820 0.0281 -0.00470 0.0315 0.0116 

ResTreas -0.0386 0.0166 -0.0394 -0.0497 0.0328 0.00870 0.0235 -0.0900 -0.00420 
ResMbs 0.0143 -0.00150 0.0205 -0.00740 -0.0310 -0.0132 -0.0144 0.0332 0.00180 

ResFedd10y -0.0225 0.0488 0.0315 -0.0211 -0.00150 0.00410 0.0221 -0.0529 -0.00780 

ResFedrate 0.0112 -0.00430 -0.00350 -0.0111 -0.0127 -0.00750 -0.0114 0.0260 0.0127 

          

 GDP 𝚫𝑭𝒆𝒅𝒓𝒂𝒕𝒆 𝚫𝑺𝒉𝒊𝒍𝒍𝒆𝒓 𝒉𝒑 𝚫𝑺𝒍𝒐𝒑𝒆𝟏𝟎𝒚𝟐𝒚  𝚫𝑭𝑺𝑰  𝚫𝑻𝒓𝒆𝒂𝒔  𝚫𝑴𝒃𝒔  𝚫𝑭𝒆𝒅𝒅𝟏𝟎𝒚  𝚫𝑰𝒏𝒅𝒑𝒓𝒐𝒅  

GDP 1         

𝚫𝑭𝒆𝒅𝒓𝒂𝒕𝒆  0.529 1        

𝚫𝑺𝒉𝒊𝒍𝒍𝒆𝒓 𝒉𝒑  0.524 0.508 1       

𝚫𝑺𝒍𝒐𝒑𝒆𝟏𝟎𝒚𝟐𝒚  -0.351 -0.593 -0.346 1      

𝚫𝑭𝑺𝑰  -0.166 -0.289 -0.112 0.154 1     

𝚫𝑻𝒓𝒆𝒂𝒔  -0.0411 -0.0346 0.0759 0.138 -0.0978 1    

𝚫𝑴𝒃𝒔  -0.165 -0.00620 0.000500 0.248 -0.303 0.286 1   

𝚫𝑭𝒆𝒅𝒅𝟏𝟎𝒚  -0.158 0.00470 -0.0771 0.187 -0.295 0.0721 0.628 1  

𝚫𝑰𝒏𝒅𝒑𝒓𝒐𝒅  0.710 0.462 0.393 -0.242 -0.0156 0.154 0.000200 0.0685 1 

𝚫𝑷𝑪𝑬𝑷𝑰  0.583 0.328 0.225 0.00830 -0.271 0.0687 -0.0929 0.0668 0.489 

𝚫𝑺&𝑷𝟓𝟎𝟎  0.417 0.325 0.194 -0.0647 -0.500 0.123 0.312 0.294 0.314 

𝚫𝑮𝑺𝟏𝟎𝒚  0.294 0.277 0.229 0.247 -0.268 0.0665 0.210 0.169 0.155 

ResTreas -0.161 -0.0992 -0.0557 0.148 0.0121 0.681 0.0653 -0.0440 0.0579 

ResMbs 0.0918 0.0662 0.0800 0.134 -0.136 0.114 0.388 -0.106 -0.00500 

ResFedd10y 0.0269 -0.0289 -0.294 0.00490 -0.167 -0.0939 -0.129 0.319 0.0639 
ResFedrate 0.274 0.529 0.263 -0.504 -0.261 -0.127 0.0486 -0.0174 0.0464 

          

 𝚫𝑷𝑪𝑬𝑷𝑰 𝚫𝑺&𝑷𝟓𝟎𝟎 𝚫𝑮𝑺𝟏𝟎𝒚  ResTreas ResMbs ResFedd10y ResFedrate   

𝚫𝑷𝑪𝑬𝑷𝑰  1         

𝚫𝑺&𝑷𝟓𝟎𝟎  0.283 1        

𝚫𝑮𝑺𝟏𝟎𝒚  0.349 0.409 1       

ResTreas 0.0577 -0.151 -0.0549 1      

ResMbs 0.183 0.140 0.285 0.168 1     

ResFedd10y 0.143 0.166 -0.0476 -0.138 -0.333 1    
ResFedrate 0.299 0.0870 0.248 -0.187 0.125 -0.0546 1   
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