Economics 205C
Spring 2017

Problem Set 3: Due in class, Tuesday May 23

1. The NK two-country model can be approximated around a zero steady-state inflatio rate to obtain

1 . -
Ty = Eywipr — (UO) (4t — Eimn i1 — Pt) s (1)

where z; = y; — ytf is the output gap, o9 = o [1 + (1 —0)], and

Py = 00 (Ety[_u - y{) -v(1-o0) (EtZUZJrl - y:) .

In the definition of p,, y; is foreign income. The domestic flex-price output is defined as

f_oyd=a)yf +(1+n)a
Y onto+y(1-0) .

Y

Domestic product price inflation is given by

Thit = BETh 41 + Rxy + Uy, (3)

where E =k [p+ 0+ 7 (1 — 0)]. Assume that

and

a; = 0aqQt—1 + €q,ts

Up = OuUt—1 + Euts

and that social welfare is given by

(a)

J I
iEt Z B (7 oy + AFy) -
i=0

Assume policy is given by
1 = (bﬂ—ﬂ'h,t-

Simulate the model’s response to a one standard deviation shock to a;. (Assume the following
values for the parameters: o = 1.0, 8 = 0.99, v = 0.5, n = 3, Kk = 0.05, ¢, = 1.5, A = x/0,
6 =6, and 6, = 6, = 0.9, 0, = 0, = 1.) Plot the responses of the output gap, domestic
product price inflation, CPI inflation, the terms of trade, and the nominal exchange rate to
this shock. Explain why each of these last three variables responds the way it does. See
nk_ps3_ql.dyn.

Continuing with the parameter values used in part (a), approximate the loss function by
o2, + Ao2 and calculate the value of this loss function for ¢, = 1.5 and for ¢, = 5. (Note:
everyone seems to have set o, = 0 for calculating the loss, so I'll do the same when I report
losses.) Which choice leads to the lowest loss? Based on a comparison of the impulse response
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Figure 1: Impulse responses to a; when policy responds to domestic price inflation and ¢, = 1.5
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Figure 2: Impulse responses to a; when policy responds to domestic price inflation and ¢, = 1.5 versus
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Figure 3: Impulse responses to a; when policy responds to consumer price inflation and ¢, = 1.5.

functions, can you explain why one policy does better than the other? The loss for ¢, =
1.5 is 0.018 and 0.0029 when ¢, = 5.0. The stronger response to inflation leads to more
stable domestic price inflation and a more stable output gap. Recall that optimal policy would
completely stabilize domestic inflation in the face of a productivity shock. The positive shock
to aggregate productivity increases the flex-price output level. By reacting strongly (i.e., when
@, is larger) to the downward pressure on domestic price inflation generated by the rise in
flex-price output, monetary policy ensures the output gap remains smaller.

Repeat part (b) but now assume policy is given by
Z-t = d)ﬂ'ﬂ-t?

where 7, is CPI inflation. Set ¢, = 1.5. Evaluate the loss function with this rule. , and discuss
how the responses differ from those you found in part (a) when ¢ = 1.5. Compare the figures.
The loss under the consumer price inflation rule, the loss is 0.0269.

Now suppose the policy rule is
it = 1'57Th,t + 106t,

where e; is the nominal exchange rate. Evaluate the loss function with this rule. How does it
compare to the rules you evaluated in parts (a) and (c)? Which does better? Can you explain
why?See nk_ps3_ql.dyn.. The loss equals 0.0550. The productivity shock causes a nominal
exchange rate depreciation under the inflation targeting rules as the mominal interest rate is
cut to ensure demand rises with the rise in output. To prevent this depreciation, the policy
calls for not cutting the nominal interest rate as much. Thus, aggregate demand rises by less
than the increase in aggregate supply, producing a negative output gap which lowers domestic
price inflation.
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Figure 4: Exchange rate targeting version inflation targeting

2. Consider a firm that can invest in one of two projects. Project i = 1,2 yields a gross rate of return
of R — x; with probability 1/2 and R + z; with probability 1/2. Assume xs > 21 so project 2 is
a riskier project. The firm borrows L to undertake the project and has collateral C'. The lender’s
opportunity cost of funds (the rate of return it can earn if it does not lend to the firm) is r. Both
the firm and the lender are risk neutral. Assume the firm defaults when R — z; occurs, in which
case the lender gets R — x; + C.

(a) Suppose the lender can, without cost, monitor which project the firm chooses. What interest
rate will the lender charge the firm if the firm picks project 17 What interest rate would it
charge if the firm picks project 27 (Hint: for either project, the expected rate of return to the
lender must equal r.) On project i, the lender’s expected return is

1 1
5(1+rf)L+§[R—wi+C]

and this must equal (1 + 1) L. Hence,
1 1
5(1+riL)L+§[R—xi+C] =(1+r)L
implies
(rf =r)L=[1+7r)L—-C—R+u],
o (1+7)L C—R|
L oy_ Wd+r)l4+x—C—
(’I“Z 7’) = I )
so the lender charges a higher interest rate on the loan for the riskier project. (Since the
lender receives more in the good state, and the average (expected) return to the lender must
equal 1+, it follows that rF —r > 0.




(b)

Now suppose the firm chooses which project to undertake after it receives the loan, and the
lender cannot observe which project is undertaken. What interest rate will be the bank charge
on loans? Can low-risk projects get funding? Explain. The firm’s expected return is higher on
the high risk project 2. So the lender has to assume only type 2 projects will be undertaken.
The loan rate will therefore be r& > r& and only high-risk projects are undertaken.

3. Suppose a bank’s balance sheet is

dt+nt:a+b,

where d represents the bank’s deposit liabilities, n is its capital, a are private sector assets, and b
are holdings of government bonds. The bank wishes to maximize its net income defined as

Nyy1 = Raar + Ry by — Raedy

where R, and Ry are the gross returns (i.e., one plus the rate of return) on assets and bonds,
and R4, is the rate paid on deposits.

(a)

Assume the banking sector is perfectly competitive and frictionless. Show that the first-order
conditions for the bank’s problem of maximizing n;y; subject to its balance sheet constraint
implies R = Ry = Ra:. Using the balance sheet constraint o eliinate dy, the problem
becomes one of maximizing

Ry 1ar + Ry by — Ray (ar + by — ny)

and the first order conditions are Ryt — Rqr = 0 and Ry+ — Rq: = 0. More specifically, the
decision problem is unbounded if these spreads are not equal to zero.

Now assume the bank owners can divert a fraction 6, of their asset holdings and a fraction
0, < 8, of their bond holdings for their own use. They will now face an incentive constraint
of the form

N¢t+1 Z 0 (at + (.Ubt) .

If this does not hold, the bank owers have an incentive to run off with the funds they can
divert. Now solve for the bank’s problem of maximizing n;y; subject to the balance sheet
constraint and the incentive constraint. Write down the first-orer conditions for this problem.
The bank’s problem can now be written in terms of the Lagrangian

L = (Ra:r— Ri)ar+ (Roy — Re) by + Ry
FA[(Rat — Re) as + (Ryt — Ry) by + Ragng — 0 (ay + wby)]

and the FOCs are
(1 + )\) (Ra,t - Rd,t) - )\0 - O

(]. + )\) (Rb,t — Rd,t) — )\90.} = 0

or \
Rai— Ryt = ——0
t d,t Y
A
Rb7t - Rd7t = mew



(c¢) Show under what conditions R, ¢+ > Ry > Rg¢. From part (),

A
Ra,t — vat = ma (1 — LU)

A
T+ A

50 Rq+ > Ryt > Rg: requires X > 0 so that the incentive constraint is binding, and w < 1.

Rb,t — Rd,t = Ow

4. Consider a contract between a borrower B and a lender L. Both are risk neutral and the lender’s
required expected rate of return is r. The borrower has funds S to invest; the project requires an
investment of $1 > S The project yields a payout of (1 + 7?7 + ¢), where r¥ > r and ¢ is a mean
zero return shock uniformly distributed over the interval [ £].

(a)

Suppose ¢ is realized and observed by both borrower and lender before investment in the
project takes place. Find an expression for ¢, call it €*, such that all projects with ¢ > &*
would be funded in an efficient equilibirum. Does €* depend on S? Explain. Efficiency requires
that the return exceed T, so €* is such that v +e¢* =r = ¢* =r —r? < 0. Any project with
€ < €* would not be funded. The profitability of the project is independent of who funds it, so

*

€* is independent of S.

Now assume ¢ is realized after investment in the project takes place and that the borrower
observes the realization of € but the lender must pay ¢ to observe ¢. The optimal lending
contract must maximize the borrower’s expected return subject to two constraints: the lender’s
expected return must equal r and the borrower must have an incentive to truthfully reveal
the realized value of €. FExplain in words why the optimal contract will be characterized by
a value ¢’ such that if ¢ > €', the borrower pays a fixed amount K per dollar borrowed to
the lender, where K is independent of €, and if € < ¢’ the lender takes over the entire project
and receives 1 + 1P + ¢ — ¢, where ¢ is the fixed cost for the lender of assessing the value of
the project. Since the lender does not observe project outcomes except by paying a cost, the
optimal contract would minimize costs consistent with ensuring the lender’s expected return is
r. Clearly the lender’s costs are minimized if projects are never monitored, but then all firms
would never truthfully report their outcomes. If repayment K depends on the borrower’s report
on €, then the borrower will always have an incentive to report the lowest value of e, forcing
the lender to pay the cost of auditing. Consider the following simple example. There are three
values of € each with probability one-third. Consider payments of K1, Ko and K3 if €1 <
€9 < g3 occurs. The return to the lender must equal r so

1
RA: g(K1+K2+K3)—C:T
since the cost must be incurred in every case if K; depends on ;. Now consider an alternative
in which the lender only verifies outcome if €1 is reported. Since a report of €5 or €3 is not
verified, the borrower would always report the value that leads to the lowest payment, so the
lender will receive the same amount which ever occurs. Call this K. The return to the lender
18

1 2
RB:§(K1—C)+§K=T‘



Now

2 1 2
RB_RAng_g(K2+K3)+§C:0

or

1 1
K=§(K2—|—K3)—C< §(K2+K3)

so contract B yields the lender the same return as contract A but lowers the expected payment
of the borrower:

1 2 1 21
-Ki+-K<-Ki+ ==

2 1
371730 T30 32

(K2 +K3) < 3

(K1 + Ko+ K3).

So a contract that makes repayment independent of € except for 1 is reported dominates the
one in which K; depends on €; for all i.

(c¢) Find an expression for ¢’ as a function of K and show it is decreasing in S. Explain. The
value of &' will be such that the borrower has just enough to repay K :

1+m)+e =KB=e =K((1-S5)—(1+1r").

The higher S is, the less the firm had to borrow, so the lower is the “break even” € that allows
the firm to repay the loan.

(d) Use your result in (c) to express the borrower’s expected payout I1Z as a function of &’.

/;[1+rp+g_K(1—S)] (215>d5

5) /:gdg—i-[l—F(e')] 1+ —K(1-29)]
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(e) What is the lender’s expected payout as a function of €’? Ezpected payout to lender is

E (IT%)

[1—F(N KB+ <215> /E_/ (1+7r?+e—c)de
;f+—§

[1F(5’)]K(15)+< 5= >(1+r”c)




