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1. The Core Model
1.1. Household Savers
Savers solve -
e e} l—ogy up
¢ (Cry) Ny,
max -
Z BH 1-— OH h 1 + b

t=0

subject to:

Cut+Di+But+ Kui=RpDi—1+ RpiBrui—1+ (Rxkg+1—0) Kgy—1+ W N,

yielding

C;I,ZH = BHRD,t-FlC;I;j—l
Cur" = Bulp1Crilly
WtCEZH = 771NZ{2¢
Cyi" =Bu (Rxmi+1+1-0)Cyity

Combine hh focs, set ¢ = 0, then
EiRpi11 = EiRp 41

up to first order, household is willing to hold both as a residual claimant so long as ERg = ERp

1.2. Bankers

They solve

l-0p

max Z 15} tB 7( ClBi)

t=0 7B



subject to:

Cpt+RptDi1+Li+Bpt =D+ Rp+Li_1+ RpiBpi-1 (6)
Dy —ppDi—1 < (1= pp) (v Lt +vpBs,t) + pp (Lt + Bpt — (Li—1 + Bpi-1)) (7)

choose C, D, L, Bg to get:

— —0B
HBt = CB,t

(1=ABt)pp, = Bp (Rpt+1 — ppABt+1) BB i1 (8)
(1= (v, (L =pp) +pp) ABt) ip = Bp (BLit1 — PpAB.t+1) 1B 141 9)
(1= (vpg (I =pp) +pp)ABt) hps = Bp (BB t+1 — PpABt+1) B 411 (10)
Combine to get
Dy < ~vpLi+7vpBp;
11—~ A
Rpi1 = RB,tHM
1-—- ’YBAB,t
1*’YL>\B,t

For v; <~p =1, adrop in Ap reduces
a reduction in Bpg.

T=r e An s hence if FR} rises FRp might fall, thus triggering

1.3. Entrepreneurs

Entrepreneurs transform loan into capital using one-for-one technology and can convert loan back into con-
sumption

[e%s) l—0og
max Z ﬁtE (CE,t)
t=0

1— OF
subject to:
Cps+Ki+Rp Ly = Ry K1+ (1-06)K1+Ly (11)
L, = PELtfl +m(1 _PE)Kt ()\E,t) (12)
yielding:

(1 =Apt) Cp” = B (Rit+1 — ppApe+1) Cptty (13)
(L=2Apt (L= pp)m) Cpi® = B (Ri 41 +1—-0) Cpil, (14)

1.4. Firms

Y, = Athl(tl—_lu)Kgf—thl_a
opYy = Rgp i Kpi—1
a(l—p)Y, =Rru K1
(1 - Oé) th = WtNt

N N N /N
i
~
LJ=2 2

1.5. Government

The budget constraint is simply

Gi+ RpiBi—1 = Bi+1; (19)
T, = TY:+g(B:,Bi-1) (20)
G: = GY; (21)
By, = Bp;+Bu, (22)

Count Y,Cp,Cg,Cy,K,L,D,B,Bg,By,T,G,A\g, \g, Rg,Rp, R, R,, W, i
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2. Steady State Algebra

Prices
Quantities
D
Cy =
Cp =
Cg =
G-T

Sum across

From the production side

1
Rp

" Bu
1
Rp = —
P~ Bu
1-Bprp
RL:L_ (1-Bp)pp+ (1 —pp)yL1—BpRu
Br Br 1—Bgppp
Ap = 1—BgRy
1 - BgrE
1
Rxkp=——(1-Ag(1—pg)m)—(1-9)
BE
1
Y.L +vpBs

1-a)Y+Rp—-1)D+(Rg—1)Bg+a(l—p)Y —6Kyg—T
(R — 1)L+ (Rg—1)Bg—(Rp—1)D
auY—éKE—(RL—l)L

—-(Rg—1)B

C+G-T=Y-T-6K

Kp=—ty_ oy

"~ Rkp
KH:MY:KHY
Rin
LZT)’LKE
G—-T=—-(Rg—1)(Bp+ Bn)
T-G
By =sg—Y
My 1
T-G
Bp =(1—- —Y
s =0
D__ L. B
Y—’YLY WBY
C’H_ Ky Ky D By T_
C L
TE—OW'_(SHE_(RL_I)?
CB? L Bp D
v =Br-1+EBe-1) - - (Bp-1) 3

Determine Ny



Y —0
(1= a) —Cyi" =mNg,

Nu
14
(=) gy = mu ™
N <(1—a)Y1‘”H>”1"2
H=\ "%
mey'
_ 1—a)Yyl-on Ty
Y = Y )H Y a(l—p) (
(keY)™ (kHY) e
ap a(l—p) 1—a
Y = (o) () ey (L) G Gem
= (kE H ——

plug back Y to get Ny

With Y in hand, all levels follow, see formulas in def parm ml



3. Demand and supply curves

3.1. Market for D

Supply
—0 Dy —D;_ —0
Cuy” (1 +¢pu <tDtltl>> = BuRp++1Cx%1
dy =di—1 + (rpgs1+om (cue —cmis1)) (d_s)
bpH

Demand (assume pp = 0)

Dy — Dy —0 —0
<1 —ABt — 9$pp <fl)t1tl>) Cp" =BpRpa+1Cp 5

D; — D,
log (1 —A—¢pp (ttl)> —opCpy =logB +log Rp 1 —05Ch 11

Dy,
1 A
di =di-1— —— | Tpit1 +oB(cBt —CB+1) + Bt (d_d)
®pB 1-2Ap

where Ag; = A\t — Ass

Consider now a technology shock. Deposit supply rises if current consumption rises more than expected
consumption.

Deposit demand FALLS if current consumption rises more than expected consumption, and if the deposit
rate rises. A tightening of the bank’s constraint (rise in \) also constrains bank’s ability to demand funds, hence
it leads to a reduction in the demand for deposits.

TFP shock: rise in expected consumption shifts deposit demand inwards.

3.2. Market for By
Supply (from households)

bat =bg—1 + (rei+1+om(cae —cuitt)) (bh_s)

BH

Supply (from banks)

(1- ’YBAB,t) HBt = Br (RB,t+1) tB.t+1

p=0,7=1
By — By
log (1 — YA+ épp <tBl>> +log = log B+ log R + log 1/
1
1 XB,t
bpt=bpi-1+— |rBit1 + 0B (Bt —CB41) + VB (bb_s)
bpp 1—9pAB

Total supply is a weighted average of by + and bp ¢
Banks will want to hold more bonds when A rises, since it is an asset and provides liquidity.
Demand from government

B, = Gi+Rp:Bi-1—-T;
Tt = T)/t—f—e(Bt _Bt—l)
By = gYi+Rp:Bi 1 —7Yy—0(B; — B;_1)
(14+60)B, = ¢gYi+RpiBi1—7Y: +60B;
(1+60)dB; = gdY, + RdB,_1 + BdRp, — tdY; + 0dB;_,
dB; B dB;_1 B RBdRp;: BdB;_1
1402002 R Z 220 g
(14055 R S A O L A
B B RB
(1+0) ?bt = (9—-Ty+ (R+0) ?bt—l + ~ "Bt
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Hence rise in 7 implies a rise in demand for b with an elasticity that is given by

B
T—G:(R—l)B——>T—g:(R—1)?
B RB
(1+0)b: = (9—7)y+ (R+0) bt 1+ —<-TBt
Y y "
T — T —
(L4+6) 7=2b = (9=7)ye+(R+6) T—by+ RS,
1+60)b = —(R—1)y:+(R+ 9) bi—1+ Rrp.
N R—l R+9 R d€t
b= Tyt T T T i B
Note that this equation can be forwarded one period and written as
b o 1+9 +R*1 . R r 1+0d€t+1
TRy TR TR T R0 Bss

3.3. Market for L
Supply (from banks)

1 A
ly =11+ — 7’Lt+1+UB(CBt—CBt+1)+’YLi
bLpB 1-
Demand (from E)

Ly — Ly —0 —0
(1 - ¢% - )\E,t) CE7tE = 6E (RL,t+l - pE)‘E,t+l) CE,til

, b
Iy =11 — a (TL,tH +op(Cet —cit1) + 1 —E;E>

3.4. Market for Kg
Supply (from E)

Ky

K; — — —0o —0o
(1 + ¢tT11 =gt (1—pE) m) Cpa® =Bp (Br41 +1-06)Cpit,y

(1_d)

(k_d)

K, — K;_
log <1 + ¢tK71t1 = At (1—pg) m> —oplogCry =log B +log (Rk 41 +1—6) —orlogCr i1
t—
ABEt — AE Ry 41— Ry
_ml—tm + ¢ (kt — ktfl) — OEC = # — OECt+1
1 ( Rikty1— Ry Ap.t
Jp— o[ e K - :
Bt B i— 1+¢K<RK+1_5 +op(cey CE,t+1)+1_/\E
Demand (from firm)
auAtKg“t 11K (1 ”) = Rggpu
rxpe = o —(1—ap)kp 1 +a(l—p) kg
1
kp: = —op (a1 +a(l—pwkus —TkE141)



4. Loose Ends

1. Varying Maturity of Debt

Follow http://public.econ.duke.edu/~tb36 /Papers Francesco Bianchi/Bianchillut Policy Mix.pdf
Instead of
Cui+Di+Bpy=RpiDi—1+ RpBri—1 + Wi Ny

write budget as
Cut+ P.Dy+ By =1+ pP,) D1+ RptBri—1+ W, Ny
where p controls the maturity. The Euler is

1 1
apt = ﬂ(l-l-thJrl)@
- ﬂlerPH‘li
c P, ol
If
1
5 = R
rF_ R
P R
1 R 1
o = o(neon) e
1 1
p = 0—>6—ﬂ(R)a
1 R 1



5. Dynamic Responses to a Default Shock
In this experiment, the government does not pay back its depositors.

1. When banks hold little government debt, the loss is borne by the households, but is almost a wash at the
aggregate level, for standard ricardian reasons.

2. When banks hold a lot of government debt, the loss is borne by the bank, which ends up absorbing the
higher debt financing of the government after the shock (the government continues to access the credit
market afterwards). However, the large capital losses reduce credit supply.

Because the losses are born by the banks, household feel now wealthier. This leads to a reduction in labor
supply and reinforces the fall in output. (It works opposite to an increase in G, when hh feel poorer and
work more)



