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Motivation
 Regulatory framework and research: Banks are key suppliers of loans to household & firms 

❍ Raise capital requirements  reduced bank lending including fewer mortgages, higher rates 

 Overlooks entry of shadow banks and changes to traditional bank business model

FIGURE 1: ENTRY OF SHADOW BANKS
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Our prior work:
- 60% regulation
- 30% technology

Shadow bank share in the US residential mortgage market



Objective
 Which type of activities migrate to SB (shadow banks) and which do not?

 Why?

 How much? (quantitative importance) 

 SB expansion and the impact of economic/regulatory shocks

Would 
NOT
Show



 Present some facts
❍ Aggregate evidence
❍ Micro evidence

 Build a model that matches moments from micro evidence and allows…
❍ Equilibrium interaction between traditional banks (TB) and shadow banks (SB)
❍ Endogenous changes in TB business model (retention versus selling)
❍ Assessment of various regulatory/policy counterfactuals

(e.g., capital requirements, access to securitization market, government subsidies, QE) 
 Lending Volumes and Prices
 Bank Stability
 Redistribution

Objective



This Paper
 Motivating facts

❍ Market segmentation depending on access to securitization (TB and SB + Well and Poor capitalized TB)
❍ TB endogenously choose business model (balance sheet retention vs securitization)
❍ Relative volumes and prices sensitive to TB balance sheet condition

 Parsimonious quantitative framework (estimated using millions of individual loan records)
❍ TB and SB
❍ Heterogeneous consumers
❍ Counterfactual alternative polices

 Broader Insights
❍ Shadow bank growth and substitution between on- and off-balance sheet limited to certain markets
❍ Depends on capital regulation, access to securitization market, government subsidies/QE policy
❍ Different channels of shadow bank activity from the deposit channel of monetary policy

Would 
NOT
Show



Institutional Setting
 US residential mortgage market

❍ Largest consumer finance market in the world (~ $10 T of outstanding loans)
❍ Focus on two main market segments: conforming and jumbo (~ 80% of the market)

 Conforming market segment: ~50-60% of loans issued in our sample period
❍ Loans issued with balances below “conforming loan limit” ($417K in 2010 in most areas)
❍ Eligible for GSE (Fannie Mae, Freddie Mac) guarantees/financing 
❍ Relatively easy to sell in the secondary market (agency RMBS)

 Jumbo market segment: ~10-20% of loans issued in our sample period
❍ Loans issued with balances above the conforming loan limit
❍ Hard to securitize during our sample period (mainly retained on lender’s balance sheet) 



MOTIVATING FACTS



Aggregate Facts: Volumes and Market Shares
FIGURE 2A: LENDING VOLUMES ($BN) FIGURE 2B: TRADITIONAL BANK MARKET SHARES
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Aggregate Facts: Jumbo Prices and Quantities
FIGURE 3A: CONFORMING – JUMBO SPREAD FIGURE 3B: JUMBO SHARE OF ORIGINATIONS
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Aggregate Facts: Average Bank Capitalization
FIGURE 4: AVERAGE BANK CAPITALIZATION RATIO (CR)
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Micro-Level Evidence and Within Bank Analysis
 Evidence around the conforming loan limit

❍ Discontinuity in the GSE financing loan size cut-off
❍ Balance sheet capacity and market segmentation around the cut-off
❍ Explore loan pricing around the cut-off

 Across and within bank analysis
❍ Exploits variation in the bank capitalization across and within traditional banks
❍ Understand bank capitalization for market segmentation and balance sheet retention
❍ Advantage: Same regulatory treatment



Market Segmentation and Financing
FIGURE 5A: BANK MARKET SHARE FIGURE 5B: BALANCE SHEET FINANCING
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Bank Capitalization and Balance Sheet Retention
FIGURE 6A: ACROSS LENDERS FIGURE 6B: WITHIN LENDERS



Bank Capitalization and Balance Sheet Retention
FIGURE 6C: MARKET SHARE OF “WELL CAPITALIZED” BANKS
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Bank Capitalization and Balance Sheet Retention
FIGURE 6D: JUMBO SHARE AND EXCESS BANK CAPITALIZATION



FIGURE 7A: SPREADS, 2008 FIGURE 7B: SPREADS, 2014

Conforming vs. Jumbo Interest Rates
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Moments related to Market Segmentation
FIGURE 8A: DISTRIBUTION OF LOAN SIZES FIGURE 8B: APPLICANT INCOME
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MODEL AND ESTIMATION



Model: Esential Features
 Demand

❍ Heterogenous consumers: Rich demand system 
❍ Choose mortgage size (implications for jumbo versus conforming)

 Supply
❍ Traditional banks (TB) and shadow banks (SB)
❍ TB: have balance sheet capacity, can securitized and behave like SB
❍ SB: no balance sheet capacity but different regulatory treatment than SB
❍ Fintech and Non fintech SB: Quality differences
❍ Financing (Balance sheet versus securitization)
❍ Loan types
❍ Price and Non-price attributes



Demand: Markets and Borrowers
 Market 𝑐𝑐 ∈ {1, … ,𝐶𝐶} in year t: MSA-year-loan purpose

❍ Example, New purchase originations in New York City, 2010

 Consumer 𝑖𝑖 ∈ 1, … , 𝐼𝐼𝑐𝑐𝑐𝑐

 Mortgage lenders 𝑗𝑗 ∈ 0,1, … , 𝐽𝐽

 Each lender offers mortgages differing by:
❍ Interest rate: 𝑟𝑟𝑗𝑗𝑐𝑐𝑐𝑐𝑐𝑐
❍ Maximum size for conforming: �𝐹𝐹𝑖𝑖𝑐𝑐𝑐𝑐
❍ Non-price attributes: 𝑞𝑞𝑗𝑗𝑐𝑐, 𝜉𝜉𝑗𝑗𝑐𝑐𝑐𝑐

Would 
NOT
Show



Demand: Consumer Utility
 Consumer has:

❍ Price elasticity coefficient: 𝛼𝛼𝑖𝑖
❍ Ideal loan size: 𝐹𝐹𝑖𝑖
❍ Disutility from conforming mortgage if desired size is jumbo: 𝛽𝛽𝑖𝑖
❍ Unconditional preference for conforming mortgage: 𝛾𝛾𝑖𝑖 (convenience, marketing, approval process)
❍ LTV constraint

 Consumer utility:

𝑢𝑢𝑖𝑖𝑗𝑗𝑐𝑐𝑐𝑐𝑐𝑐 = −𝛼𝛼𝑖𝑖𝑟𝑟𝑗𝑗𝑐𝑐𝑐𝑐𝑐𝑐

𝑟𝑟𝑟𝑟𝑐𝑐𝑟𝑟
−𝛽𝛽𝑖𝑖𝐼𝐼 𝐹𝐹𝑖𝑖∗ < 𝐹𝐹𝑖𝑖𝑐𝑐𝑐𝑐 𝐼𝐼 𝐹𝐹𝑖𝑖 > 𝐹𝐹𝑖𝑖𝑐𝑐𝑐𝑐 + 𝛾𝛾𝑖𝑖𝐼𝐼 𝐹𝐹𝑖𝑖∗ < 𝐹𝐹𝑖𝑖𝑐𝑐𝑐𝑐

𝑠𝑠𝑖𝑖𝑠𝑠𝑟𝑟
+ 𝑞𝑞𝑗𝑗𝑐𝑐 + 𝜉𝜉𝑗𝑗𝑐𝑐𝑐𝑐 + 𝜖𝜖𝑖𝑖𝑗𝑗𝑐𝑐𝑐𝑐𝑐𝑐

𝑠𝑠𝑟𝑟𝑟𝑟𝑠𝑠𝑖𝑖𝑐𝑐𝑟𝑟



Supply: Lender and Loan Types
 Three lender types

❍ TB: 𝑁𝑁𝑏𝑏𝑐𝑐𝑐𝑐
❍ Non-fintech SB: 𝑁𝑁𝑛𝑛𝑐𝑐𝑐𝑐
❍ Fintech SB: 𝑁𝑁𝑓𝑓𝑐𝑐𝑐𝑐

 TB can lend on balance sheet or originate to sell

 SB must originate to sell but face different (lighter) regulatory regime

 Mortgage types 𝑔𝑔 ∈ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟𝐶𝐶𝑖𝑖𝐶𝐶𝑔𝑔, 𝐽𝐽𝑢𝑢𝐶𝐶𝐽𝐽𝐶𝐶
❍ Only conforming can be securitized (but can be also held on bank balance sheet)
❍ Jumbo must be held on balance sheet



Supply: Financing Costs
 GSE financing: Costs 𝜎𝜎𝑐𝑐𝐺𝐺𝐺𝐺𝐺𝐺 = 𝑟𝑟𝑑𝑑,𝑐𝑐 + 𝜎𝜎𝐺𝐺𝐺𝐺𝐺𝐺 per dollar origination, 𝑟𝑟𝑑𝑑,𝑐𝑐 base rate

 Portfolio financing: Costs 𝜎𝜎𝑗𝑗𝑐𝑐
𝑝𝑝, per dollar origination, which depends on capitalization:

𝜎𝜎𝑗𝑗𝑐𝑐
𝑝𝑝 = 𝑟𝑟𝑑𝑑,𝑐𝑐 + 𝜎𝜎𝑏𝑏𝑏 𝜌𝜌𝑗𝑗𝑐𝑐 − �𝜌𝜌 −𝜙𝜙

𝑟𝑟𝑒𝑒𝑐𝑐𝑟𝑟𝑠𝑠𝑠𝑠 𝑐𝑐𝑟𝑟𝑝𝑝𝑖𝑖𝑐𝑐𝑟𝑟𝑐𝑐

❍ 𝜌𝜌𝑗𝑗𝑐𝑐 bank capital ratio:

𝜌𝜌𝑗𝑗𝑐𝑐 =
𝑒𝑒𝑗𝑗𝑐𝑐

𝜉𝜉𝑜𝑜𝐶𝐶𝑗𝑗𝑐𝑐𝑜𝑜
𝑏𝑏 + ∑𝑐𝑐𝑐𝑐𝑐𝑐 𝜉𝜉𝑐𝑐𝐶𝐶𝑗𝑗𝑐𝑐𝑐𝑐𝑐𝑐

𝑏𝑏

❍ 𝜉𝜉𝑜𝑜, 𝜉𝜉𝑐𝑐 statutory risk weights
❍ �𝜌𝜌 statutory capital ratio
❍ 𝑟𝑟𝑑𝑑,𝑐𝑐, 𝜎𝜎𝐺𝐺𝐺𝐺𝐺𝐺, 𝜎𝜎𝑏𝑏𝑏 > 0, 𝜙𝜙 > 0 to be estimated

 Banks chose lowest-cost financing option, GSE vs. portfolio financing



Equilibrium
 Focus on symmetric equilibria within lender types

 Mortgage demand: Market shares given by

𝑠𝑠𝑗𝑗𝑐𝑐𝑐𝑐𝑐𝑐 𝑟𝑟⋅𝑐𝑐𝑐𝑐⋅,𝑔𝑔⋅𝑐𝑐𝑐𝑐⋅, �𝐹𝐹𝑐𝑐𝑐𝑐, 𝑞𝑞⋅𝑐𝑐, 𝜉𝜉⋅𝑐𝑐𝑐𝑐;𝜃𝜃𝑑𝑑 = �
𝐴𝐴𝑗𝑗𝑗𝑗𝑡𝑡𝑔𝑔

exp 𝑢𝑢𝑖𝑖𝑗𝑗𝑐𝑐𝑐𝑐𝑐𝑐 Β𝑖𝑖
∑𝑘𝑘,𝑐𝑐 exp 𝑢𝑢𝑖𝑖𝑘𝑘𝑐𝑐𝑐𝑐𝑐𝑐 Β𝑖𝑖

𝑑𝑑𝐵𝐵(𝐵𝐵𝑖𝑖)

 Mortgage supply: Lender chooses rates & financing to maximize profits

𝐶𝐶𝑚𝑚𝑚𝑚𝒓𝒓𝒋𝒋𝒕𝒕,𝑚𝑚𝑗𝑗𝑗𝑗𝑡𝑡𝑡𝑡
𝑏𝑏 �

𝑐𝑐𝑐𝑐𝑐𝑐

𝑟𝑟𝑗𝑗𝑐𝑐𝑐𝑐𝑐𝑐𝐶𝐶𝑗𝑗𝑐𝑐𝑐𝑐𝑐𝑐

𝑟𝑟𝑟𝑟𝑐𝑐𝑟𝑟 𝑖𝑖𝑛𝑛𝑐𝑐𝑜𝑜𝑚𝑚𝑟𝑟

− �
𝑐𝑐𝑐𝑐𝑐𝑐

𝐶𝐶𝑗𝑗𝑐𝑐𝑐𝑐𝑐𝑐𝑤𝑤𝑗𝑗𝑐𝑐

𝑜𝑜𝑟𝑟𝑖𝑖𝑐𝑐𝑖𝑖𝑛𝑛𝑟𝑟𝑐𝑐𝑖𝑖𝑜𝑜𝑛𝑛 𝑐𝑐𝑜𝑜𝑠𝑠𝑐𝑐

− 𝐶𝐶𝑗𝑗𝑐𝑐
𝐺𝐺𝐺𝐺𝐺𝐺𝜎𝜎𝑐𝑐𝐺𝐺𝐺𝐺𝐺𝐺 + �

𝑐𝑐𝑐𝑐𝑐𝑐

(𝐶𝐶𝑗𝑗𝑐𝑐𝑐𝑐𝑐𝑐
𝑏𝑏 )𝜎𝜎𝑗𝑗𝑐𝑐

𝑝𝑝

𝑓𝑓𝑖𝑖𝑛𝑛𝑟𝑟𝑛𝑛𝑐𝑐𝑖𝑖𝑛𝑛𝑐𝑐 𝑐𝑐𝑜𝑜𝑠𝑠𝑐𝑐



Estimation
 Demand: Augmented BLP

❍ BLP
 Price instruments: GSE geographic pricing quirks

❍ Non-standard moments:
 Bunching at conforming limit
 Borrower income at conforming limit
 Mean and variance of loan sizes

 Supply: MR = MC
❍ From bank profit maximization

 Pricing
 Financing choices

 Data
❍ Millions of individual loan records (covers almost 100 percent of loan origination activity)

 Sources: HMDA, Fannie Mae, Fredie Mac+ Call Reports



Model Intuition: Preference for Loan Size
FIGURE 9: DESIRED AND CHOSEN LOAN SIZES

Choose smaller conforming loan



Model Intuition: Preference for Loan Size
FIGURE 10A: DISUTILITY FROM CHOOSING A SMALLER LOAN

Low disutility from “wrong” size
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High disutility from “wrong” size



Matching Moments in the Data
FIGURE 11: % LOANS AROUND CONFORMING LIMIT
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Supply: Total Origination Costs
FIGURE 12A: MARGINAL COSTS

Jumbo loans: Always 
financed on balance sheet

Shadow bank conforming: 
Always financed by GSEs

Bank conforming: GSE financed 
when poorly capitalized

Bank conforming: Balance sheet 
financed when well capitalized



Estimates: Regulatory Burden and Fintech Quality

  Fintech Quality 
Year Bank Regulatory Burden 

 
 

New Originations Refinance 
2010 0.63 -1.22 0.56 
2011 0.69 -0.89 0.74 
2012 0.48 -0.85 0.96 
2013 0.83 -0.64 1.23 
2014 1.37 -0.36 1.27 
2015 1.21 -0.23 1.25 

    
 

Implies increase in 
traditional bank 

regulatory burden

Implies increase in 
fintech lending quality

(higher among refinances)



POLICY COUNTERFACTUALS



Counterfactuals
 Capital Requirements

❍ One of the main tools of policy makers to regulate banks
❍ Baseline: 2015, CR = 6%.

 Conforming Loan Limits
❍ Sets reach of GSE financing
❍ Has been changed since beginning of the crisis
❍ Baseline: 2015, $417k in most markets, higher elsewhere

 QE and GSE Market Intervention
❍ Federal Reserve purchases large amounts of GSE mortgages
❍ Study impact of varying GSE financing costs
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FIGURE 14A: LENDING VOLUME CHANGES ($B) AND CAPITAL RATIO CONSTRAINT

Counterfactuals: Capital Ratios
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Counterfactuals: Capital Ratios
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FIGURE 14A: LENDING VOLUME CHANGES ($B) AND CAPITAL RATIO CONSTRAINT

TB response



FIGURE 14B: BALANCE SHEET FINANCING SHARE AND CR CONSTRAINT

Counterfactuals: Capital Ratios
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Counterfactuals: Conforming Loan Limits
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FIGURE 15A: LENDING VOLUME CHANGES ($B) AND CHANGES IN CONFORMING LOAN LIMIT



Counterfactuals: Conforming Loan Limits
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FIGURE 15A: LENDING VOLUME CHANGES ($B) AND CHANGES IN CONFORMING LOAN LIMIT



FIGURE 15B: BALANCE SHEET FINANCING SHARE
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TABLE 16: CONFORMING LIMIT INCREASES AND JUMBO AND BANK SHARE

Counterfactuals: Model Meets Evidence

Jumbo Share Bank Share
(1) (2)

Limit Increase -0.356 -0.029
(0.003) (0.003)

Year FE Yes Yes
County FE Yes Yes
Observations 32,147 32,147
R2 0.874 0.901

 Empirical Evidence consistent with counterfactual response to conforming limit changes
❍ Limit increases associated with decline in jumbo share
❍ Limit increases associated with decline in bank share (expansion of SB)



Conclusion
 Evidence on sources of relative comparative advantage of TB and SB

❍ TB benefit from greater balance sheet capacity, dominate portfolio lending
❍ SB benefit from lower regulatory burden, specialize in OTD
❍ Relative prices, quantities and financing moves with both of these forces

 Estimate a structural model with heterogeneous consumer demand and interplay of TB and SB
❍ Quantity, price, and distribution of credit as well as bank stability
❍ Shadow bank growth and substitution between on- and off-balance sheet limited to certain markets
❍ Counterfactuals: SB play an important role

 “Dampen”: Polices targeting TB (e.g., capital ratios)
 “Amplify”: Polices targeting secondary market (e.g., GSE limit changes)

❍ Tighter capital requirements mainly affect higher income borrowers from higher house price regions
❍ …and the amount of balance sheet lending (shift risk from FDIC to GSE)
❍ Access to securitization rather than capital requirements matter more for aggregate lending

 Insights potentially applicable in other markets with significant presence of SBs



Broader Implications
 Current financial regulation framework mainly focused on TB 

❍ May be inadequate given a recent expansion and dominance of SB in lending

 SB lack balance sheet capacity
❍ Very dependent on securitization market (e.g., GSEs) and short-term warehouse financing 
❍ Can shutdown in face of problems (like in 2007)
❍ Can lead to price pressure induced contagion due to fire sales`
❍ Note: In 2007 SB Share ≈ 25%, Now SB Share ≈ 60%

 SB issue hundred billions of loans per year guaranteed by US taxpayers
❍ They do so in a lightly regulated way, can potentially increase taxpayers’ liability in the crisis

 SB’s market domination and GSE reform
❍ Current system set up to cater even more to GSEs, can make return to private market harder 

 SB fully dominate market (+80% market share) for the least creditworthy (FHAs)
❍ Limited oversight of their lending practices
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