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BR2211 Financial and Risk Analytics I
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INSTRUCTIONS

1 This paper contains FIVE(S) questions and comprises NINE(9) pages of questions and
ONE(1) appendix of FIVE(S) pages.

2 Answer ALL questions.

3 This is a Closed-book examination.

4 The number of marks allocated is shown at the end of each question.

5 Begin your answer to each question on a separate page of the answer book.

6 Answers will be graded for content and appropriate presentation.

Note: Exam Questions begin on Page 2.
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Question 1

(2)

(b)

©

(d

(e)

Suppose now that the spot rate for a one year treasury bond is 2% per annum effective, and
that the spot rate for a three year treasury bond is 3.5% per annum effective. Calculate the
arbitrage-free forward rate for a two year treasury bond starting one year from today.

(3 marks)

Briefly describe what are mortgage-backed securities.
(3 marks)

Suppose you are to sell tons of fresh wheat in 6-months’ time and you face the risk that the
wheat price in 6-months’ time may drop. Briefly describe how you can use different types
of derivatives to hedge against your wheat price risk. In particular, you need to specify

your positions to be taken (long or short, put or call option etc).
(3 marks)

Briefly describe the most common long-term and short-term risks embedded in different
types of insurance products.

(4 marks)

With regards to the following statements, state whether they are TRUE or FALSE with
brief explanations.

i) When fitting a given set of data with a model, the best model is the one that minimizes
the fitting errors, regardless of how complicated the model is.

(3 marks)

ii) Data analysts usually find that there are many “correct” models to fit a given data set.

(3 marks)

(TOTAL: 19 marks)
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Question 2

(@ Briefly describe both direct short-term value and indirect long-term value of data.
(4 marks)

(b)  Briefly describe the primary objectives at raw, refined and production stages of data

analysis respectively.
(6 marks)

(©) The prices of a non-dividend paying stock at different time ¢ given in the table below.
P

102
96
98
107
105
110

G |WIN|=~O|™

i) Calculate the net return for each period
(2 marks)

ii) Calculate the average return per period of this stock based on the given data.
(1 mark)

iii) Calculate the sample variance of the return of this stock based on the given data.
(1 mark)

Assuming the net return per period follows a normal distribution with mean as
calculated in (ii) and variance as calculated in (iii),

iv) Find the shortfall probability with return being lower than 1%;

(2 marks)
v) Find the Value at Risk at 5% probability level.

(3 marks)

(TOTAL: 19 marks)
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(a) Briefly explain why a standard linear regression model is not appropriate when the
response variable is a categorical instead of numerical.

(3 marks)

(b) An analyst aims to model the life expectancy of a given population using a linear régression
Y, =u+ a1 Xy; + aXy; + -+ apXp,; + e;, where Y; is the response variable, i.e. the life

expectancy of individual i, and {X;, X, ...

, Xp} are the p predict variables.

i) After conducting some basic data investigation, the analyst decided to use the

following R-code

Im("Life expectancy'~Alcohol+ percentage expenditure’+BMI+Schooling)

and have obtained the following results.

Call:

Tm(formula = "Life expectancy’ ~ Alcohol + “percentage expenditure’ +

BMI + Schooling)

Residuals:

Min 1@ Median 3Q
-26.9333 -2.8964 0.5495 3.5702
Coefficients:

Estimate
(Intercept) 4.449e+01
Alcohol -1.688e-01
‘percentage expenditure’ 5.852e-04
BMI 1.034e-01
Schooling 1.758e+00
Signif. codes: 0 ‘¥¥*’ (Q Q0L ‘**’

0.01 ‘*’ 0.05 ‘.

Max
30.6262

Std. Error t value Pr(>ltl)
4.805e-01 92.594 < 2e-16
3.530e-02 -4.783 1.82e-06
6.195e-05 9.447 < 2e-16
7.111e-03 14.538 < 2e-16
5.018e-02 35.044 < 2e-16

0.1 71

1324
¥ se
Sedese
deskedk
e

Describe the model implied by the R-code above. Comment on the results above. In
particular, comment on the “Residuals” statistics as well as the estimated coefficients

of the selected predictors.

(4 marks)

ii) The analyst has Identified another predictor “GDP” and tries another linear regression

with the following R-code

Im("Life expectancy ~Alcohol+ percentage expenditure’+BMI+GDP+Schooling)

and has obtained the following results:

Note: Question No.3 continues on page 5
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Question 3 (Continued)

call:
Im(formula = "Life expectancy  ~ Alcohol + “percentage expenditure’ +
BMI + GDP + Schooling)

Residuals:

Min 1@ Median 3Q Max
-26.6724 -3.0987 0.5203 3.7192 30.9166
Coefficients:

Estimate Std. Error t value Pr(>|t])

(Intercept) 4.428e+01 5.053e-01 87.637 < 2e-16 *¥**
Alcohol -1.976e-01 3.817e-02 -5.177 2.44e-0Q7 *%**
‘percentage expenditure’ 9.389e-05 1.471e-04 0.638 0.523
BMI 1.081le-01 7.697e-03 14.039 < 2e-16 *¥**
GDP 8.838e-05 2.248e-05 3.932 8.68e-05 *¥**

Schooling 1.743e+00 5.329e-02 32.711 < 2e-16 *¥**

Signif. codes: 0§ ‘***’ 0,001 ‘**’ 0.01 ‘*' 0.05 “.” 0.1 * ' 1

Briefly describe the changes you see in the new model in comparison to the results in

part (b)(1).
(5 marks)

iii) In order to analyze the statistical significance of different predictors, the analyst has
conducted the following Analysis of Variances (ANOVA).

> anova(Im( Life expectancy ~Alcohol+ percentage expenditure +BMI+GDP+Schooling))
Analysis of variance Table

Response: Life expectancy
Df Sum Sg Mean Sq F value Pr(>F)

Alcohol 1 32008 32008 889.019 < 2.2e-16 ***
“percentage expenditure’ 1 19860 19860 551.597 < 2.2e-16 ***
BMI 1 41333 41333 1148.002 < 2.2e-16 *¥*x*
GDP 1 2843 2843 78.958 < 2.2e-16 *¥*
Schooling 1 38525 38525 1070.026 < 2.2e-16 **¥*
Residuals 2305 82989 36

Signif. codes: 0 ‘*¥¥’ Q. 001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘' 1

> anova(Im( Life expectancy ~Alcchol+BMI+GDP+Schooling+ percentage expenditure’))
Analysis of variance Table

Response: Life expectancy
pf Sum Sq Mean Sq F value Pr(>F)
Alcohol 1 32008 32008 889.0189 <«2e-16 **x

BMI 1 49733 49733 1381.3269 <2e-16 ***
GDP 1 14292 14292 396.9616 <2e-16 *¥**
Schooling 1 38520 38520 1069.8876 <2e-16 ***
‘percentage expenditure’ 1 15 15 0.4072 0.5235
Residuals 2305 82989 36

Signif. codes: 0 ‘*¥*’ Q001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ¢ ' 1

Note: Question No.3 continues on page 6



ATTENTION: The Singapore Copyright Act applies to the use of this document. Nanyang Technological University Library

BR2211

Question 3 (Continued)

Briefly explain the differences between the two ANOVA table and why the results
from the ANOVA are different even when the predictor variables used in the linear

regressions are the same.
(4 marks)

iv) The analyst then obtained a scatterplot of “percentage expenditure” and “GDP”.
Briefly explain the possible reasons for “percentage expenditure” to become
insignificant in the linear model when the “GDP” predictor is included in the model.
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(4 marks)

v) The analyst then used a “stepAIC” function to trim down the model based on the AIC
criteria. He has obtained the following results:

Note: Question No.3 continues on page 7
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Question 3 (Continued)

> stepAIC(fitl)

Start: AIC=8287.76

“Life expectancy’ ~ Alcohol + “percentage expenditure’ + BMI +
GDP + Schooling

pDf Sum of Sq RSS AIC

- “percentage expenditure’ 1 15 83004 8286.2
<none> 82989 8287.8
- GDP 1 557 83546 8301.2
- Alcohol 1 965 83954 8312.5
- BMI 1 7096 90085 8475.4
- Schooling 1 38525 121514 9167.0

Step: AIC=8286.17
‘Life expectancy’ ~ Alcohol + BMI + GDP + Schooling

pf sum of Sq RSS AIC

<none> 83004 8286.2

- Alcohol 1 952 83956 8310.5

- GDP 1 3887 86891 8389.9

- BMI 1 7081 90085 8473.4

- Schooling 1 38520 121524 9165.2

Call:

Tm(formula = "Life expectancy’ ~ Alcohol + BMI + GDP + Schooling)
Coefficients:

(Intercept) Alcohol BMI GDP Schooling

44.2765690 -0.1936927 0.1078332 0.0001013 1.7419111

Briefly describe the steps taken by the “stepAIC” function and how it determines

which predictors need to be excluded in the model.
(6 marks)

vi) Based on the “best” model from the stepAIC, predict the life expectancy of a person
who has the following given information:
Alcohol=0.03, BMI=15.7, GDP=445.89, Schooling=8.7.
(2 marks)

vii) The analyst then obtained a model summary plot for the final model determined by
the “stepAIC” function.

Note: Question No.3 continues on page 8
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Residuals vs Fitted
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Normal Q-Q
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Briefly describe the information provided by each of the four plots. Comment on the

results based on the plots provided.

Question 4

( 8 marks)

(TOTAL: 36 marks)

(a) Suppose that {X;};»¢ is a sequence of random variables. Let B be the backward shifting
operator and V be the differencing operator that operate on time series.

i) Expand V3X, — B%X,

(4 marks)

ii) Give an expression for X; —5X; 1 +7X;_, —3X;_3 in terms of second order

differences operator (V?).

(4 marks)

(b)  For a moving average MA(2) model where the sequence of random variables {Y;};», are
defined as Y; = u + e; + Bres_1 + o€z, where {e;};»o are white noise processes with

mean 0 and standard deviation of o.

Note: Question No.4 continues on page 9
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Question 4 (Continued)

i) Derive the autocovariance function y; = Cov(Y, Yz4x), for 0 < k < 3 for this process.

(8 marks)

ii) Hence or otherwise write down the autocorrelation function py, for 0 < k < 3 for this

process.
(3 marks)

(TOTAL: 19 marks)

Question 5

A company is carrying out an assessment of the expected value E[Y] where Y = VX and X follows

e e . . . . A\% .
a Pareto distribution with cumulative density function F(x) =1 — (E) . In order to estimate

E(Y), the analyst determined to use a Monte-Carlo simulation.

Set out an algorithm for generating simulated values of Y using the inverse transform method.
Clearly indicate the steps taking for the generating process.

(7 marks)

- END OF PAPER -
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Appendix: BR2211 Formulae and Tables

SAMPLE MEAN AND VARTANCE

The random sample (xj.x,.....X,,) has the following sample
moments:

n
Sample mean: X= lz X;
s

Sample variance: 5° = L Y i —nx?
n-1 i=1

LINEAR REGRESSION MODEL WITH NORMAL ERRORS

Model
¥~ N(o+fx;,6%), i=12....n

Intermediate calculations
n " " n 2
5= (5 -X) " =3 x5 —1%
i=1 i=1
M y i3 " "
Sy = Z(J"i -¥r= ZJ"}'- —ny-

i=] i=l

n n

S = 2, (5 =Xy - )=, %) —nxXT
=1 i=1
Sum of squares relationship

> 0 =3 =203 + X0~ 7

i=1l i=1 i=l

Note: Appendix continues on page 11

10
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Appendix (Continued)
ANALYSIS OF VARTANCE
Single factor normal model
Y~ N@+1.0%), i=12....k, j=12....n
k k
where 7= n;. with 3 n1,=0
i=1 i=l

Intermediate calculations (sums of squares)

k n ko 5 y2
Toral: SSr=2 2 -F) =22 ¥
i=lj=1 i=] j=1 n
k k ".2 }l2
Between treatments: SSp =Y m(¥, — V.. Y = Yy
i=1 =11
Residual: SSp =557 - 555
Variance estimate
.2 S5p
O =
n-k

Note: Appendix continues on page 12

11
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Appendix (Continued)

Probabilities for the Standard Normal distribution

The distribution function is denoted by @®(x), and the probability density function is denoted

by ¢(x).

d(x)= j' ;q:(r)dmﬁ I ’_‘“ R

"

@(x)

0.50000
0.50399
0.50798
0.51197
0.51595

0.51994
0.53392
0.52790
053188
0.53586

0.53983
0.54380
0534776
013 055172
0.14 0.53547

015 055962
016 038336

0.56749
018 057142
019 057535
020 057926
0211 053317
0.2 0538706

0.59095
024 059433
025 059871

v

sooses

i B i bk 20

i Doboo oDoooo
iy 4

030 061791
031 062172
032 063552
033  D.62930
034 0.63307

035 063633
03§ 064053

038 0.64803
039 085173

0.40 0.65542

@{x)

0.65542
0.65910
0.56276
0.66640
0.67003

0.67364
087724
0.58082
0.58439
0.58793

062146
0.69497
0.69847
0.70194
0.70540

0.70834
0.71226
0.71566

0.73565
0.73891

0.74215
0.74537
0.74837
0.75175
0.75490

0.75804
0.76115
078324
0.7§730
0.77033

0.77337
0.77637
0.77935
0.78330
0.78524

0.78814

Note: Appendix continues on page 13

®(x)

051140
0.21300
0.91456
0.21621
081774

0.01024
0.52073
0.52220
0.52554
0.82307

0.53180

0.83310
0.85448
0.83574
0.93680
0.83812

0.555043
084082
0.84170
0.84305

408

0.84520

12

b

23333 R2RRS

P o ot ot o ol ol fund ud ot fd o o fod

2aaz

el
a3z @

B3

0.25033
0.05154
095254
0.05352
08540

0.97320
0.97381
0.07441
0.97500

BR2211
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Appendix (Continued)

Probabilities for the Standard Normal distribution

x @lx) x @i x o) x ofx) x @) x @ix)
240 097725 240 O0S0IS0 230 059744 320 000031 360 000084 400 000007
201 057778 241 050202 281 059752 321 059934 361 0090085 401 (000997
20 057831 24 056224 128! 050760 322 000036 36 000085 402 0.00907
203 057882 243 050245 283 0£509767 323 0000383 363 0000856 4.03 0.00997
204 097052 244 000266 284 090774 324 000040 364 000026 404 000007
205 057082 245 00086 285 000781 325 (000042 365 (0.00087 405 (.00997
2406 058030 246 000305 286 000788 326 000044 366 0.00087 4.06 000903
107 058077 247 059324 287 009705 327 000046 367 000088 407 000008
108 093124 248 0959343 288 000801 338 000045 368 000038 408 000008
208 058160 249 050361 289 000807 3290 000050 369 OO0DDSS 409 (00903
210 058214 250 000379 200 000813 330 (000052 370 0000B9 410 0.00993
211 0958257 251 050306 201 000819 331 0009353 371 009900 411 000008
212 058300 252 000413 282 000823 332 (009933 372 (099900 411 (.99993
213 058341 253 050430 203 000831 333 000057 373 000000 413 (0.0000%
214 O0S8382 254 050446 2984 000236 334 OO0DSE 374 000DD] 414 (000003
215 058422 155 050461 205 000841 335 000060 375 000001 415 (0.00093
216 058461 256 0950477 206 000846 336 000061 376 000002 41§ 0.00098
217 058500 257 020407 207 (000851 337 (000062 3AT7 000002 417 0.00903
218 098537 258 000506 298 000856 338 000964 2378 000002 418 (00009
219 ODSE574 259 0009520 289 000861 330 000065 379 000002 419 (00009
220 058610 260 059534 300 0050865 3.40 000056 380 (00003 430 (00000
2211 058645 261 059347 301 000860 341 000068 381 00DDOY 431 (00000
21 0%E679 24r 050560 3.0 000874 3.4 000060 38) (O0DDD3 432 (00999
223 058713 263 059373 303 009878 343 000070 383 000004 433 (00009
234 058745 264 020385 304 000882 344 000971 384 009994 424 0.00009
215 D0O8778 265 000308 305 009886 345 000072 385 000004 435 (00909
226 053809 266 OO0G0F 306 000880 346 000073 384 0000904 43§ (0.00999
217 058840 267 059621 307 000803 3.47 000074 387 00DO05 427 (.00900
2318 058870 168 050632 308 000806 348 000075 388 000905 423 (00009
21 (05BEDD 269 090643 300 000000 340 000075 389 0O0DDOS 439 (.0DO0Q
230 058028 270 0850633 310 000003 350 000977 300 009995 430 0.00999
231 058956 271 000664 311 000006 351 000078 301 (000995 431 (.09999
23} D©g0g3 272 000674 312 000010 352 (000078 302 000004 432 (.00009
233 059010 273 009683 313 009013 353 009970 303 00000§ 433 (0.00999
234 059036 274 0059603 314 009016 354 OO0DDE0D 304 00000§ 434 (009990
235 0%0061 2575 000702 315 000018 355 OODDEl 305 (00DOD§ 435 (.05999
236 050086 274 000711 316 000021 358 000081 30§ 0090995 43§ (.09900
237 050111 277 009720 317 000024 357 000082 307 (00994 437 (.00000
238 050134 278 000728 318 000026 358 000983 308 (09997 438 (.00999
239 0DDS0ISE 279 009736 319 000020 350 (OO0D0B3 300 (0D0D0GT 439 (00009
240 0SOIS0 280 009744 320 009031 360 OQO000E4 400 000097 440 (.00990

Note: Appendix continues on page 14
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Appendix (Continued)

Percentage Points for the Standard Normal distribution

The table gives percentage points x defined by the equation

P=

1
w1

(e

X

0.0000
0.1257
0.2533
0.3833
05244

0.6745
08415
1.0364
12816
16490

_{.Crl .
g = df

P

500
4.8%
4.6%
44%
4204

4.0%
3.5%
3.6%%
34%
32%

P

3.0%
10
18%
1.7%
1654

1.5%
4%
138
112%%
1%

X

1.8208
1.8957
19110
19388
18431

1.9800
19774
1.9953
10141
20335

V] X

P x P X P
20% 20537 10% 23263 0L.10%4
19% 20749 09% 33656 0.09%
158% 20969 03% 24080 D.08%
17% 21201 0.7% 24573 07T
16% 213434 0.6% 25121 1.06%0
15% 21701 0.5% 25758 0058
14%% 21973 04% 26521 0.01%
13% 22242 03% 27473 1.005%0
12% 22571 02% 238782 0.001%
11% 22004 01% 30002 0.0005%
— END OF APPENDIX -

14

k 4

3.0002
3.1214
3.1559
3.1947
3.2589

3.29035
3.7180
3.80048
4.2649
14172

BR2211
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Please read the following instructions carefully:

1. Please do not turn over the question paper
until you are told to do so. Disciplinary action
may be taken against you if you do so.

2. You are not allowed to leave the examination hall unless
accompanied by an invigilator. You may raise your hand if
you need to communicate with the invigilator.

3. Please write your Matriculation Number on the front of the
answer book.

4. Please indicate clearly in the answer book (at the
appropriate place) if you are continuing the answer to a
question elsewhere in the book.



