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Market Risk. The risk in reducing the value of the Institution’s positions

due to changes in markets.

Credit Risk. The risk in reducing the value of the Institution’s assets
due to changes in the credit quality of the counterparties.

« Counterparty deafult is an extreme case, but losses can also occur

when a counterparty’s credit quality decreases.

+« Credit risk is an issue even when the bank holds only payment
obligations.

Liquidity Risk. The risk of losses because of travel-time delays of
assets.
Operational Risk.
» Fraud.
» Model risk (using the wrong pricing model, for instance)
“ Human Factor
Legal and Regulatory Risk.
< Transactions that are voided due lack of appropriate licenses.

+ Changes in Tax Laws
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» It decided to market long

» Their strategy relied on

» A change in the convexity

> They lost over $1B.

dated futures contracts to
US clients (up to 30
years), when the market
only had futures un tp 18
months.

rolling over the contracts
at expiration.

of the futures curve gave
rise to margin payments
that they could not meet.




5 day electricity forward prices
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In December 1994, Orange County stunned the markets by announcing
that its investment pool had suffered a loss of $1.6 billion, the largest
loss ever recorded by a local government investment pool, and led to
the bankruptcy of the county .

This loss was the result of unsupervised investment activity of Bob
Citron, the County Treasurer, who was entrusted with an $7.5 billion
portfolio belonging to county schools, cities, special districts and the
county itself. In times of fiscal restraints, Citron was viewed as a
wizard who could painlessly deliver greater returns to investors.
Indeed, Citron delivered returns about 2% higher than the
comparable State pool.
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Citron's main purpose was to increase current income by exploiting the
fact that medium-term maturities had higher yields than short-term
investments. On December 1993, for instance, short-term yields were
less than 3%, while 5-year yields were around 5.2%. With such a
positively sloped term structure of interest rates, the tendency may be
to increase the duration of the investment to pick up an extra yield.
This boost, of course, comes at the expense of greater risk.

The strategy worked fine as long as interest rates went down. In
February 1994, however, the Federal Reserve Bank started a series
of 6 consecutive interest rate increases which led to a bloodbath in
the bond market. The large duration led to a $1.6 billion loss
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» Reproduce the marginal structure
v'Account for large events (fat tails).

of returns.
» Reproduce the dependence structure
v'Dependence of large events

dealing with changes in dependence
conditions.

v'Dependence of returns from day to day.
v'Take into account possible lack of stationarity

v'Re-define the “large event” concept when




» Reproduce the marginal structure
v'Account for large events (fat tails).
v'Dependence of returns from day to day.

v'Take into account possible lack of stationarity
of returns.

» Reproduce the dependence structure
v'Dependence of large events

v'Re-define the “large event” concept when
/dealing with changes in dependence
conditions.
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Regulatory institutions inspect yearly the number of violation of a bank
regarding its VAR measure (left tail 95% confidence interval).

It is necessary to provide a good forecast, at least, in one-day horizon basis,
by the natural procedure called “moving windows”, in order to avoid
violation of the VAR limit.

Commodities forward time series available at the market are not
homogeneous or comparable in the sense that you can not hold a
forward price series for the same time-to-maturity every day.

: !

So any transformation of this data to an “apparently” more suitable series
may be a big source of inaccuracy in the forecasting.

1 Predict your losses (95%)
4‘ Series of returns

datalength

window size The prediction should be

exceeded 5% of the time




» Assume that interest rate and convenience yields are constant and that all
uncertainty arise from the spot price of the commodity.

® Spot and futures prices varies substantially over time, thereby
indicating that the modeling of spot commodity prices can not hold
the multivariate characteristics of forward prices.

e Transform the market set of forward prices from theirs respective time-
to-maturity to an standard set of time-to-maturity and modelling it.

e Capture the dependency structure using second moments or the
Normal Rank Correlation technique on the returns or residuals.

e Apply the inverse transformation to recover the market forwards
prices.

® There is a very specia relation among forward prices in Oil series,
explained by the contango and backwardation phenomena, which can not be
captured by an structure, like the previously mentioned.

There are 12 maturity times in Oil forwards (from January to
December , Ti i=1,...,12).

Ft,Ti = forward price at time t with maturity Ti. (Obtained from
the Market)

hi = Ti —t (Time to maturity)
Ft,hi=aOt+alt*hi +a2t*hi~2 + et (1)

. et : Normal(0,s2) residuals from a regression.
. a0t, alt,, a2t, time series with the following
properties :

— log a0l,t =logal0,t-1 +rest0; al,t =al,t-1 +restl;,.
a2t = a2,t-1 +rest2 ;,

—  restj - residuals.




Empirical Distribution, taking into account last
100 values from the historical time series.

Empirical Distribution, taking into account last
250 values from the historical time series.

Normal Multivariate Distribution, taking into
account last 250 values under assumption of
independence.

Normal Multivariate Distribution, taking into
account last 250 values, assumption of
correlations.

Analyzing the goodness of the model for risk
management purposes




Graphics of the Parameters
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Figure 1) Graphical of the constant parameter in our model
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Figure 2) Graphical of the\l'weal parameter in our model \
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Figure 3) Graphical of the quadratic parameter in our model

10



1996110714 199871 0701
1996110714 1998710701
199811 0501
1998710701
1938710701
199871 0701

T=_data
fx=_data
Tx_data
Tx_data
Tx_data
Tx_data
T=_data
fx=_data
Tx_data

2
@
@
2
2
g
2

1998710701
199811 0501
199811 0501
193871 0701
193871 0701
199871 0701
199871 0701
199811 0/01
199811 0501
1998710701
199871 0701
1938710701
199871 0701
199811 0/01
199811 0501
1998710701
1938710701
199871 0701
199871 0701
1999110719
1993110/19
19g9n10n3
1938710701

T=_data
ACtual/365
Actual /365
Actual /365

ir_data

I

1996110714
1996110M14

ir_data
r_data

r_data
Actual/365

Actual/365
Actual/36s

199610714
19961014
1996510714

3

Actual ;360
Actual/365

1996110714
1996110714

Actual /365
Actual/36s
ACtual/365

199610514
1996510714
1396710714

El

19971217
market_data 1996/09730
market_data
market_data

market_data

19960930
1396510714

CHF
[FRr [aaserona [Gesonomi | |
[eee [1ssenuna Losenoer ||

v [ssenona  [ssenown | |
v [swenona  [wesnom | |
[Mxw—— [sssnona Mesenoor ||
[ep [1ssenona [osonomi | acwarmes |
[ear  [aswenona  [ioosnomy | ecwames |
[bem  [assnona [ossnom | acwaisss
e [esenona  [issenomn | ecwemes |
1996n0n14 [9sonom | acwais
[seo [assnona [ssonom | acwaimss
[z [ssenna  [isosnomn | cwames |
I Tswmens Losonomr ||
[uso  [1ascmamo [esonoms ||

‘ We will incorporate the model parameters to the list of standard risk factors

‘ We consider a portfolio of forwards

Riskwatch (Algel 3.0 — DEMOS23 1998/09/23
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Recalc Graph
Instr curve  Model Template

SummerProject
==
~

1.0000 [1999/01/21 (120) | Commodity Forward Settlement 0.0000 USD
1.0000 [1999/03/23 (181) | Commodity Forward Settlement 0.0000 USD
1.0000 [1999/09/21 (363) | Commodity Forward Settlement 0.0000 USD

Matures in 1999, so we can test our conclusions S
in advance. The portfolio is established on  —
23/8/98
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RiskWwatch (Alge) 3.0 - DEMO323 1998,/09/23

Recalc Graph
Instr  Port  Curve  Model 54 <tress  Optim Template

Financial Instrument Universt - Commodity Forward Settlement

Fut-Oil Fut-0ilz Fut-0il3 U-FUT-HYMEX LIGHT ((U-FUT- N¥MEX LIGHT ¢ U-FUT-H]
Commodit:r Forward Sel| Commadity Forward Sei| Commodity Forward Sel|Commodity Forward Sei| Commodity Forward Sel|Commodit]
usD usD usD usD usD usD
1.0000 1.0000 1.0000 1.0000 1.0000
Hone (Standard) None (Standard) Hone {Standard) HNone (Standard) Hone (Standard) HNone (Stal
Actualiactual ActuzdActual AcwaliActual Business/Business Business/Business Businessil
0.0000 H/A 0.0000 Ni7 0.0000 H/A, 0.0000 N/A 0.0000 H/A,
1 1 1 1 1
1 Days 1 Days 1 Days 1 Days 1 Days 1 Days
CallYNIEX CAINYMEX CalNYMEX Standaru Standard Standar
0 0 0 0 0
16.2700 § 163700 § 16.7900 § 15.5000 USD 15.4300 USD
1999111721 (120} 1929703723 (181) 1999/09/21 (363) 1999/04720 (209) 1999705720 (239) 1999/06/24
SPOT NYMEX LIGHT CF|SPOT NYMEX LIGHT CF SPOT NYH
IRUSD- Interbank IRUSD- Interbank IRUSD- Interbank IRUSD- I
RF_ICFut-0il3 NYMEX LIGHT CRUDE {|HYMEX LIGHT CRUDE { NYMEX LI
| RD_ICFut-0il3 NYMEX LIGHT CRUDE (|HYMEX LIGHT CRUDE { NYMEX LI
andar! RiskMetrics | @Standard RiskMetrics |@Standard Riskhetrics
odity forward se ” i " @ i y y modity forward s¢ @commod
modity Forward Sel Commodity Forwand Sell Commodity Forward Sel Underiver hodel deriyer Model Underlyer,

Three instruments were created. E e b
36 USD -14.9335 USD

1 - A commodity forward starting at 23-08-1998 and ZEE3
maturing at 90 (business) days . E= \ymex

2 - A commodity forward starting at 23-08-1998 and [l Oil-crude d1i
maturing at 120 (business) days. =

3 - A commodity forward starting at 23-08-1998 and
maturing at 250 (business) days.

We followed the Forward Commaodity Settlement pricing method.

Three instruments were created.

. 1 - A commodity forward starting at 23-08-1998 and maturing at
90 (business) days .

. 2 - A commodity forward starting at 23-08-1998 and maturing at
120 (business) days.

. 3 - A commodity forward starting at 23-08-1998 and maturing at
250 (business) days.

e Six curves of two different kinds called RF and RD were created .

. 1 - The RD curve provide the day in which the instrument mature
and its strike price.
. 2 - The RF curve provide the moments at which the instrument

will be evaluated and the forward prices at those moments.
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et W For every day in which the portfolio was evaluated
. (from 1998 to 1999), a set of scenarios was generated
as follows:

1 - Monte Carlo method to generate those scenarios.

2 - The covariance matrix was estimated using a
Multivariate Garch process.

3 — Simulation Model: Geometric Brownian Motion.

4 — number of scenarios, 100.

ing Axis Z|Trigger Time | RF_ICFut-Oil3 absolute Term/Time »>

Axis Z|Trigger Time |RF_ICFut-0ill absolute TermiTime »>
Axis 2| Trigger Time absolute Term/Time »>
Axis Z| Trigger Time |RF_| absolute TermiTime »>>

Axis Z| Trigger Time |RF_| il absolute Term/Time »>>
Axis 2| Trgger Time absolute Term/Time »>
Axis 2| Trigger Time absolute Term/Time »>

Axis 2| Trigger Time |RF_| absolute Term/Time »>
— absolute Term/Time »>

It can be noticed that each scenario provide Three absolute _enniine =2
RF curves, which mean the forward prices for
every instrument at every evaluation day.

The P&L is computed for every simulated
curve in each scenario.
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Term/Time <<
1996/097°3 (0) 1998709724 (1) 199609125 (2) 1996/09/26 (5)
16.2700 15.6562 16.3897 16.5313

Term/Time <<
199809723 (0) 1998709724 (1) 199809725 (2) 1998/09/28 (5)
16.3700 15.9287 16.5943 16.6987

Tenm/Time <<
1998/09.23 (D) 1998/09/24 (1) 1998/09/25 (2) 1998/09/28 (5)
16.7900 16.5242 17.2813 17.0411

Term/Time <<
1998/09/23 (D) 199870924 (1) 1998/09/25 (2) 1998/097286 (5)
16.2700 16.2320 16.2674 16.4737

Term/Time <<

1996/09/23 (0) 1998/09/24 (1) 199608725 (2) 1996/09/26 (5)
16.3700 16.3856 16.4963 16.6788

Term/Time <=




Distribution of Unrealized Profit and Loss Theoretical for SummerProjegf at 1998/09/24 (1) | >

2.4828

Those are examples of Histogram for different moments of time,

with their correspondent left tail 95% percentile.

0.100

0.050

0.000-

-7.5805

at 1999,/06,/08 (255)

Outliersare very important: they must occur!

* Market value

19t

Actual portfolio value (light
blue)

/01/01 (100) 1999/04,

9/07/20 (300) 1999/10/28 (400)

95% percentiles arising from
the model
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—|SummerFProject — Unrealized Profit and Loss Theoretical@nRT(0.95), Unrealized Profit and Loss Theoretical, Unrealized Profit and Loss Theoreticald -
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Out-of -sample backtesting using 250 values for the Empirical Distribution.

Riskiwatch (Algol 3.0 - DEMO323 1998/09,/23

Curve  Model FX  Scenario Stress

Reset time
Reset scenario

1998/09/24 (1)
Espl

c

Fut- 0ill

1

0.0689 USD
-0.1705 USD
~0.1946 USD
-0.2164 USD
-0.2473 USD
-0.2603 USD
~0.3471 USD
-0.4311 USD
-0.5364 USD

Figur e 22) Results for the Empirical 250.
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optim  Tempiate

Mark time
Mark scenario

1999/03/23 (181)| Start date

1

c

Fut- 0il3

Qut in Quantile

0.1659 USD
-0.0523 USD
—0.0853 USD
-0.0894 USD
-0.1140 USD
-0.1403 USD
—0.1771 USD
-0.2883 USD
-0.3684 USD
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b UsD
 usD
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usD
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usD
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usp

usp

usD
-0.0754 USD
-0.1730 USD

End date

c
Instrument.
3.0000
2.4710 USD
1.11683 USD
0.8357 USD
0.6582 USD
0.4255 USD
0.3260 USD
0.1662 USD
0.1282 USD
0.0832 USD
0.5105 USD
-0.1237 USD
~0.1796 USD
-0.2321 USD
-0.2851 USD
-0.4001 USD
-0.4597 USD
-0.6768 USD
-1.0979 USD

Cash
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SummerProject]
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[(REFAED
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-1.0973 USD
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Figure 23) Thisisin the case of a Multivariate Normal Dependent assumption for the time series

considered.

Riskwatch (Algc) 3.0 - DEMO323 1995/09/23
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- Espl (0.0100)

Previous time _Jadvance ime  |Reset time 1996/09/24 (1) |Mark time A988/5/Z3 (181)| Start date

Next scenario Reset scenario | Espl Mark scenario |1 End date

c c c

Fut-0il2 Fut-0il3 Instrument
(0000 3.0000

usSD| 2.0643 USD

usSD| 1.8296 USD

usD| 1.1699 USD

UsD| 1.0974 USD

USD| 0.8652 USD

USD| 0.8169 USD

USD| 0.6669 USD

USD| 0.4107 USD

USD| 0.2742 USD

0.1659 0.2757 USD| 0.5105 USD
—0.0661 ~0.064Z USD|-0.2925 USD
—0.1052 ~0.1547 USD|-0.4033 USD
-D.1452 -0.2361 USD|-0.6350 USD
-0.1690 -0.2993 USD|-0.7275 USD
-0.2041 -0.4576 USD|-0.8016 USD
-0.2230 -0.6392 USD|-0.8640 USD
-0.2729 -0.7526 USD|-1.0429 USD
-0.3408 -1.1384 USD|-1.3261 USD

Figur e 24) Results for the multivariate normal dependent Assumption.
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0.0000 USD| -1.0429 USD
0.0000 USD| -1.3281
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Figure 25) Case of Multivariate Normal Independent assumption.

RiskWatch (Algo) 3.0 — DEMO323 1998/00/23
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Figur e 26) Results for the Independence assumption.
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As for univariate forward Oil time series, we realized there is not
significant presence of lineal correlation (ARMA) on the returns, but
there is high correlation in the return square (GARCH(1,1)) . It is not
significant deterministic seasonality neither stochastic seasonality.

The “moving windows” test that validate the prediction on a model
required few data of history (100-250 data) in order to get good
predictions for a one-day-horizon on quantiles less than 0.90-0.95.

We realized that the most influent characteristic in a Portfolio of Oll
forwards is the multivariate dependency structure, this leaded us to
focus in the search for a model holding this feature.

Following the ideas showed in Garbade (Fixed Income Analytics,
1996), it is possible to make the required modification in the proposed
term structure in order to get an Arbitrage-Free one. We are working
on that and it seem that this new model will give quite interesting
results.
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