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a) Onenka Gyger cocrosrenbuoit. J = L3S0 % = 150 #mfrer — gy

F =1 T; F T; -
ﬁ Z?:l ++. Ilo sakony Gosbimmx tnce %Zi\;l = EaN E[£]. Ilo coiicTBy mo-
sroproro mar. oxutanus E[£] = E[E[£|z]] = E[LE|e|z]] = 0. Takum o6pasom,
BB

Kpurepuit onenuBanusi: 0 6a/uioB jlaxke B ¢y dae TPaABUILHOTO OTBETa, €CJIu OH
mostyder 6e310Ka3aTe;IbHO N ¢ CePhe3HBIMHA BBIMHCIHTETBHBIMHA OMTHOKAMI,
MOJIHBIH HaJl TOJILKO B cilydae MCHoJb30BaHHus 3akoHa Bosbmux ducen u [lo-
BTOPHOI'O MAT. OXKUJIAHUS.

6) Cymecrsyer. Dddexrupnas onenka OMHK nmeer u:
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a2 _ N T N =y 2 2

8= (Zi=1 a_ﬂ(iﬂ) D et 22 (z)" OneHKH HJIEHTHYIHBI, eci 0° (;) = cx], T1e

¢ — KOHCTAHTA.

Kpurepuit: [IpaBuiibHBIM OTBETOM cunTaeTCH BepHas (DYHKIIHOHAILHAST (hOpMA.
. : - S
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B) Onenka ocranercs cocrosarensnoil. Jomyermv: § = Zﬁl ﬁ Zi\;l ﬁ
LY, Tyt

u h(z,3) - o2(z). Torma 3 = B + %Zi1 m [To zakony GOJILIINX THCE

% Zf\;l ﬁ L E [h (; B}]' [To cBoiicTBY MMOBTOPHOTO thT. oxxutanus F [h (;,.3)] =
E[E[h(;._,é} |z]] = E[h(;,S)E[eh]] = 0. Taxum obpasom, 3 2 3.

Kpurepwii: 0 6auioB j1aze B ciiydae MPaBIJILHOIO OTBETA, eCIIH OH MOy 1eH Hes-
JIOKA3ATEILHO WIH € CEPLe3HBIMI BEIMHCIHTEILHBIME OIIHOKaMu (HapuMep, co-
KpallleHHe OLEHKHN JMCIEPCHH B 3HAMEHATEIISX SIBISIETCS CePhe3Hoil ommbKoil),
yTeepxienne, uro FGLS onenka cocroarenbia, canraerces 6e3/10Ka3aTe/IbHBIM,
3-5 Basura B ciydae, eciid MOJIyIeH MTPABUIBLHBIN OTBET ¢ HE3HATNTE/ILHBIMI Bbl-
UHCINTEeIbHBIMHA OIINOKaMHU,

MOJIHBIN DA/l B ciydae ucrosib3oBanust 3B'Y u cBoiicTBa MOBTOPHOro MaT. 0XKN-
JIaHUS.
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(a) lIpegenbl o BEpOSTHOCTHU MEPBOU, BTOPOX U TPEThEH OL€HOK,
COOTBETCTBEHHO, COCTABJISIIOT:
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(ITo 6 6ans10B 32 060CHOBAaHHbIE BBIYUCIEHUS IEPBBIX [BYX MIPe/eJIOB M0
BEpPOSITHOCTH U ellje 3 6ajiia 32 TPETUH.)

(6) ls1s1 Bcex Tpex OLIEHOK MpeJieJs 10 BEPOSTHOCTH 110 MOJYJII0 MeHbIIIe [, TaK 4TO
BCe TPH OI[eHKH HECOCTOSITE/bHBI.

MOAYJII/I OTKJIOHEHHA NpeaesoB 110 BEPOATHOCTHU OT HCTUHHOTI'O 3HAY€HHUA AJIA
HepBOfI, BTOpOfI )51 TpeTbeﬁ OLleHOK, COOTBETCTBEHHO, COCTABJIAIOT:
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TpeTbs OLleHKa HaM He NMOA0M/ET, TaK KaK U3 TOTO, YTO 07 < 07, CJIelyeT, 4TO
18— Bs| > |B—Bil.
(2 6an1a 3a 3Ty HAe0.)

Be160p Mexay nepBoM BTOPOU OLleHKaMHU 3aBUCUT OT COOTHOLUIEHUS MEeXAY
JUCIEPCHUAMU OLIMOOK U3MEepPEeHUS.

HepBy}o OLI€HKY cjieayeT BbI6I/IpaTb B TOM CJjiy4dae, Korga AJid Hee OTKJIOHEHHWEe OT
HUCTHUHHOTI'O 3HAYE€HHUAd MEHbIIE:
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Wiy, 4TO 3KBUBaJIEHTHO:

2

2 _ 91

0-2 < .
3

COOTBeTCTBeHHO, BTOPYIO OIE€HKY CJieAyeT BbI6I/IpaTb TorJga, Koraa
2
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HakoHelw, nepBas v BTOpas OLleHKU paBHO3HA4YHbI TOT/a, KOrJa

2
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o7 ==~

OTMeTHM, 4TO IO YC/JIOBHUIO UCCJIEJOBATEJII0 YKA3aHbI HCII0JIb3yeMble JHUCIIEPCHUH,

TaK 4TO OH BCerga CMO>KeT CAEJIaTb BbI60p Ha OCHOB€ YKA3daHHbIX peKOMEH,C[aL[I/Iﬁ.

(8 0aJ1JIOB 3a BbIYHCJIEHHE IIOTPAaHUYIHOI'0 COOTHOIEHHUA MEXAYy AUCIEPCUAMU U
HTOTOBbIH BbIBOJ, HAa OCHOBE 3TOT'O CpaBHEHI/IH.)



Cxewma permieHus 3a1a4uu 3



Problem 3

(a) If returns are a random walk, then r, = r,_; + u;, and u; is white noise
with a variance equal to 2.

var(r, —n—;)

V(i) = =
2 jxvar(ry —1e_1)
var(re—j + Uy + Upq + 0+ Upjyq — 1)) B

Jjrvar(re_q + Uy — 1e_q)

var(uy + Ue_g + -+ Upjyq)  j* 02 .

J * var(u.) jxa?

Variance ratio should be equal 1 in that case. So null hypothesis of no

predictability in this case is similar to testing if variance ratio is exactly 1. One

of the possible disadvantages is an alternative hypothesis. If we get that

variance ratio is not one, we will only know that returns are not random walk,
but we will know nothing about their predictability.

(b) According to the table, 3 and 5 horizon returns are predictable
(dividend growths are not predictable). We use the usual significance test to
check.

The main problem here (probably because of which 1-year returns are
unforecastable) is endogeneity. Price dividend ratio drives returns but returns
can also alert prices due to demand on financial markets. Possible way to
overcome the problem is to use instrumental variables or GMM (latter is widely
used in finance), but for these we need a solid theoretical background and really
good instrument. Easier way to solve the problem is to use VAR model to
account for a simultaneous causality.

(c¢) Here all coefficients are highly significant. It may mean that OLS
specification gave biased estimates. We can infer from VAR that both returns
and price dividend ratio are predictable and one Granger causes another (null
hypothesis is no causality). Potential trouble is that other variables (such that
risk-free rate or dividend growth can potentially affect returns and price
dividend ratio and thus should be included in the model).

(d) We now propose a way that can be implemented here:

First, run VAR(1) of dividend growth and price-dividend ratio. Note that
we cannot include returns because otherwise we would obtain a linearly
dependent system. Let us denote VAR coefficient as follows:

Ady p: — d;
Ad;_4 Pba Ug
Pt-1 — d¢—q bg ¢

Using Campbell-Shiller decomposition, we get:



Tew1 = K1 (Pey1 — A1) + Adpq — (P — dy)
d
=Kk1P(pr — dp) + Ky pgAd; + K1€f+1 + ¢y Ad,

+ by(py — d¢) + €g+1 — (pr — d¢)
= Br(p: — d¢) + by Ad + &{44

where the last expression is a predictive regression. From there we can

derive coefficients:
Br =K1 +bg—1
by = KiUg + Pa
Variance of the predictive coefficient is kZVar(¢) + Var(b,). Thus, we
Br

V(3var(¢p)+var(bg)'

Getting IRFs is challenging. We cannot simply plot them as our shocks are
not orthogonal. To see that, notice that from Campbell-Shiller decomposition

wegete/, = Kleffl + &f, ; which means that shocks are correlated. To obtain
orthogonal shocks we should make a Cholesky decomposition.

obtain t-statistics:
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3agaHue 4

(a) lloTeHMaANBHBIN MCTOYHUK  HECOCTOSITEJbHOCTH OLleHKH
MHTepecytolero Hac s¢ppekTa — 3TO 3HJOT€HHOCTb NMPUHATUS PeLIeHUs O
cay>k6e B apMHU: 10 YCJIOBUIO, UHAUBHU/bI CAMU PEIIAlOT, CAYKHUTb JIU UM.
Bo3M0XXHO, eCThb Kakue-TO cheluduiyecKkrue XapaKTEPUCTHUKH, KOTOpbIe
NOOYX/IAI0T UHAMBH/AA CAYKHUTb B apMHUU M OJJTHOBPEMEHHO BJIHSIOT Ha €ro
OyayulyIo 3apIary.

Habop oneHeHHbIX Mojesiell MO3BOJIIET HaM MpeojoJieBaTb 3Ty
SHJOreHHOCTb JBYMSl MNYyTSIMH: NPU MOMOUIA BKJKYEHUS KOHTPOJIbHBIX
nepeMeHHbIX (MPoYMX PAKTOPOB, BJAMSIOUIMX HA 3apIUIaTy) U MPUA MOMOUIU
MHCTPYMEHTA/IbHbIX IEPEMEHHBIX.

Mojenu u3 TpeTbell TabGJHUIbI UCIOJb3YIOT 06a 3TH NyTH (TaM eCTb U
KOHTpPOJIbHbIE ITIepeMeHHbI€, U /sl OlleHUBAHUS UCI0JIb3YeTCs JBYXIIaroBblu
MHK (2MHK). Kpome Toro, B 060ux cay4asx TecT XaycMaHa MO3BOJIET IpU
YpPOBHE 3HAYUMOCTH 5% OTBEpPTHYTb I'MIIOTE3Y O COCTOSTEJbHOCTH OI[€HOK
o6bryHOro MHK, Tak Kak B 000MX cJay4asix COOTBETCTBYMolee P-3HaueHue
MeHbllIe MMATH COThIX. [[03TOMYy HaM NPUJIETCSA OTBEPTHYTb MOJIe/IH U3 EPBOU
TabJIHIbl U CKOHI[EHTPUPOBATbLCS Ha MOJeJIsIX U3 TPEeTbel TabIHUIIbI.

Jnsa cocrosstenbHocTu 2MHK-oueHOK TpebyeTcsl pesieBaHTHOCTb M
3K30I€HHOCTb UCN0JIb3YyeMOT'0 UHCTPYMEHTa.

/11 TpOBEpKH pesieBaHTHOCTH oOCylecTBUM F-TecT Ha csabble
MHCTpYMeHThbl. Ero onvcaHnue MO0XHO HaWTH, HanpuMmep B ydyeOHUKax (CoK,
Batcon, 2015) wuau (Kaptaes, 2019). BbluucJMB COOTBETCTBYWIIYyIO F-
CTaTUCTUKY, OOHapy»XHBaeM, 4To s Mozeau N2l u3 Tabsunbl N23 oHa
cylecTBeHHO 60JbIie 10 (4ero y»x TaM, oHa aaxe 6oJibiie 500), a 7151 Moiesin
Ne2 ona cyuwectBeHHO MeHblle 10. TakuM o06pa3oM B MNepBOM Mojesu
MHCTPYMEHT peJieBaHTEH, a BO BTOPOM — HeT. Tak 4yTo Mogesnb N°2 wus3
Tabsin1bl N°3 HaM ToXKe He Mo oH/JIeT.

U3 copepkaTesbHbIX COOOpaKEHUHA MOXKHO  3aKJOYWUTh, UYTO
MHCTPYMEeHT B MoJiesii Ne1 13 Tabsinibl Ne3 sk3oreHeH. JleiCTBUTENBLHO, BPS
JIU BOEHHbIH OMBIT pOJiUTE/IeN OyAeT HeMOCPeACTBEHHO BJIUATD HA 3apIiaThl
UX JleTeH.

TakuMm o6pa3oM, ocTaHOBUMCSI Ha Mojeau Ne1l u3 Tabaunbr Ne3,
[IpoBepUB rumnoTesy o paBeHCTBe HYJI KO3pdHUIlMeHTa NMpPU MepeMeHHOU
SWORN_SWORD, 3aksito4yaeMm, 4TO 3Ta nepeMeHHas 3HauyuMa. TaK 4YTO OIBIT
BOEHHOM C/IY>KObI BJIMSET Ha 3apIjiaTy UHAMBU/A.



KoadpuuueHnt npu stou nepemeHHou paBeH 0,239. CiiegoBaTesibHO,
Npyd NPOYUX PaBHbIX (TO e€CTb NPU OJAUHAKOBBIX 00pPAa30BaHWM U OIbITE
paboThbl) UHAUBU/I, KOTOPBIX CJYKHUJ B apMUH, N10Jy4YaeT 3apIjiaTy Ha

(e%%° —1) = 27%
BBILLE 10 CPABHEHHUIO C KUTeJieM BecTepoca, KOTOPbIM B apMUU He CJIYKUJIL.

JlJ1s1 moJiy4eHus OJIHOTO 6asijia 3a 3TOT MYHKT TpebyeTcs BbIOpPATh BEPHYIO
MoO/JieJIb U IPUBECTH HE0O6X0JUMble 000CHOBaHUS. B yacTHOCTH:

® OCYLLeCTBUTH TeCT XayCMaHa,

® BBIYWCJUTH HYKHble F-CTaTUCTUKM M OCyIIeCTBUTH TECT Ha CJabble
MHCTPYMEHTHI,

® TeCTUPOBAaThb 3HAYMMOCTb KO3bPUIMeHTa Tpu  IepeMeHHOH
SWORN_SWORD u nnTepnpetTvpoBaTh €ro.

(6) B aTOM nyHKTE 3aCUMTHIBAJIMUCH JIOOble pa3yMHbIe U/IeW 10 TPEO0JIEHUIO
NOTEeHLUAJbHOW 3HJAOTeHHOCTH (IpH HaJIM4YHUU [JOJPKHOTO 0O6O0CHOBAHMSI.
Hanpumep, npepasioxxeHusi, CBsi3aHHble C PAaCCMOTPEHHEM aJibTepHAaTHUBHBIX
$yHKUMOHANbHBIX (GOPM MJMU aJbTEPHATUBHBIX HAOOpPOB KOHTPOJIbHBIX
nepeMeHHBbIX. A TaKXe NpeJJIoXKeHHe 110 UCII0JIb30BAHUIO IBYX UHCTPYMEHTOB
OJJHOBPEMEHHO BMECTO OJHOro (YTO MO3BOJIMJIO Obl TECTUPOBATH HX
3K30T€HHOCTb NpU NoMoly TecTa CapraHa UM ero aHajora).



