Numerical Investigation : Model and Algorithm

1 Model: money investment model

1.1 steady state without shock

- correction: F(K, H) = K“H'~%: fortran program B = 1
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1.2 Agent’s problem
v(k,h, A) = mazy u((1+ 1)k +wh — k' — 2}) + BEyo(k 0/ {(1 — 6p)h + AzPh?}, A) + AK' + 0z,

(FOC1) W' ((1+r)k+wh — K —xp) = BEyoi (K, 1/ {(1 = 6p)h + Az h®}, A) 4 A
(FOC2) W' ((1+ 1)k +wh —k —ap) = gu, (A, h, 1) BEyn va(k',n'{(1 — 6)h + Axih‘ﬁ}, A)+6
=60=0: (- xlgglo Gz, = 00)
Envelope conditions are following.
(Envl) wvi(k,h,A) =1 +r)u'((1+7r)k+wh—k —zp)
(Env2) wvo(k,h,A) =wu'((1+7r)k+wh—k —xp)
+gn(A by ) By va (K0 {(1 = 8n)h + Azfh®}, 4)
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Then, using the (FOC)’s and (Env)’s we can get following Euler equations

(EE1): ((1+r)k+wh—kK —z,) 7 =Q+7r)BEy (1 +r)k +wh' — k' — )™

(EE2): ((1+7r)k+wh—kK —xz)7°

1 — 6y + Aga)ln/o!
Ay e

= Apa) ' nOTIBE, 0] W+ )k +wh' — K" — )~

1.3 Agent’s problem Algorithm (EGM)

1. Guess initial derivatives of value functions

cbdd = max{0.0001, kr + hw}
dvall® (k,h, A) = (1 +7r)(cgdd)™

1—6,) + Aph®—1z?
dvall® (k,h, A) = {w—l—( hj}qﬂﬁ d;fl 55 8 (cgdd) 7
:Ch,ss
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where Thss = a1

2. Fix A,,, hj. For each k; € kgrid (k] > 0), solve for zj(kj, hj, Ay).
2y PEgoi(K 0 {(1 = 8n)h + AzPh?}, A) < Aph? BE,mva (K, {(1 — 6,)h + Azl h?}, A)
= Eulers(s : k), hj, Ap) = x}tﬂbEn/vl(k’,n’{(l —op)h + Ax;zzh‘z’}, A)
— Aph?BE mva(K .0/ {(1 — 6p)h + Az h?}, A)
= solve for zj, and get xp(kj], hj, Am)

3. c(k!, hy, Ap) = max{0.01, [BEv1 (K}, 1/ 9(s*, hj, Am), Am)] 7 }

c(k},hj,Am)—wh;+k +x;;

4. k(K by, Ap) = )

5. kgridend(l, hj, Ap) = k(K], hj, Ap)
polkend(ky, hj, Ay) = k]
polzhend(ky, hj, Am) = xp(ky, hyj, Am)

6. interpolation on kgrid
-for j1 =1:ngrid (An)
- for j3 =1:dimgridh (h;)
- for j2 =1: dimgridk (k;)
- k = kgrid(;j2)
- if k > kgridend(1,53,71)
- polk(k;, hj, Ap) = interp(kgridend, polkend, k)
- polxh(ki, hj, Am,) = interp(kgridend, polsend, k)
- else
- polk‘(l{?i,hj,Am) =0
- polzh(k;, hj, Ay,) = solution of



- 0 = Eulerkink(zp)
: — /(14 PV + wh — 1) — AGhSE BB va(K = 0,17 g(A, b, 23, A)
- end

7. Evaluate new derivatives
dvallnew = (1 +r)(k(1 + ) + wh — polknew — polxhnew)™7
dval2new = (w+ ((1 — d0p) + A¢h¢*1xi)/(A¢xﬁ_lh¢)) * ((k(1 4+ r) + wh — polknew —
polxhnew) ™7

1.4 Main algorithm for competitive equilibrium

1. random number generation for nshock

2. Guess for % = get price r, w

3. Solve for HH’s problem for given r and w

4. compute K™ and H™" using simulated data and compute new r™¢%*

5. Check if [r — 7| < tol. If not, update % and go back to 2.

1.5 Planner’s problem
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(FOCl) ((1 +T k + wh — k'/ —l’h) ﬁEnlvl(k/,T]/{(l — 5h)h+Axih¢},A) +Ak + )\(k,h,A)
where  Ag = ,8/ (1 +r)k +wh' — k" — 2))[K Fxi + W Frg]d®’
(FOC2) W' ((1+r)k+wh—Fk —xp)
= g, (A, B thE mva(K ' {(1 = 6p)h + Azyh®Y, A) + g, (A, hy ) A
where A, = f3 / 1+ 1)K 4+ wh' — k" — 2,) [k Frer + h'Frp]de' "

Envelope conditions are following.

(Envl) wvi(k,h,A) =1 +7r)u'((1+7r)k+wh—k —xp)
gh(A,h,a:h)

Env2) wvy(k,h,A) =|w+
( ) va( ) = gor (2 T )

Ju/ (14 )k +wh — K — a,)



1.6 Planner’s problem Algorithm - HH problem (EGM)
- For fixed Ag, Ap, %,r,w

1. Fix A, h;. For each k] € kgrid (k) > 0), solve for z,(kj, hj, Am).
Eulers(s : kj, hj, Am) = l’;;¢ {ﬁEnfvl(k’, n'{(1—op)h + A:nfh‘f’}, A)+ Ak}
— Agh® { BE,m'vs (K, 0/ {(1 = 8p)h + Azph?}, A) + Ay |

2. (K, hyj, Am) = max{0.001, [BEvL(k}, 1 g(Am, hj, 23), Am) + Ax] 7 }

C(kz,hj ,Am)—whj +k2+:v;1
1+r

3. k(K by, Ap) =

4. kgridend(l, hj, Ap) = k(k], hj, Am)
polkend(kj, hj, Ay) = k]
pol:nhend(k{, hj, Am) = JUh(k?f, hj, Am)

5. interpolation on kgrid
-for j1 =1:ngrid (An)
- for j3 =1:dimgridh (hj)
- for j2 =1 : dimgridk (k;)
- k = kgrid(j2)
- if kK > kgridend(1, 73, j1)
- polk(ki, hj, Ay,) = interp(kgridend, polkend, k)
- polxh(ki, hj, Ay,) = interp(kgridend, polxhend, k)
- else
- pOlk‘(k’i,hj,Am) =0
- polxh(ki, hj, Ar,) = solution of
- 0 = Eulerkink(zp)
- = u’((1+r)k+wh—:1:h)—A(ﬁh‘%f—l {BEN va(K' = 0,1 g(A, h,zp), A) + Ap}

- end

6. Evaluate new derivatives
dvallnew = (1 4+ r)(k(1 + r) + wh — polknew — polxhnew) ™7
dval2new = (w+ ((1—d03) + Aph®~tpolzhnew?) /(Appolzhnew?® 1 h?)) * ((k(1+7r) +wh —
polknew — polrhnew)™7

(Main algorithm)
- Given Ay, solve for %
- Search over Ay, (fixed point).



