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Forecasting — Nonlinear Spline Extrapolation

File Name: Forecasting — Linear Interpolation

Location: Modeling Toolkit | Forecasting | Linear Interpolation and Modeling Toolkit | Yield Curve
|Spline Interpolation and Extrapolation

Brief Description: This sample model illustrates how to compute a linear and nonlinear interpolation
and extrapolation of missing values in a time-series forecast model and for forecasting

Requirements: Modeling Toolkit, Risk Simulator

Modeling Toolkit Function Used: B2InterpolationLinear, B2CubicSpline

Sometimes interest rates or any type of time-dependent rates may have missing values. For instance, the
Treasury rates for Years 1, 2, and 3 exist, and then jump to Year 5, skipping Year 4. We can, using linear
interpolation (i.e., we assume the rates during the missing periods are linearly related), determine and “fill

in” or interpolate their values. This model illustrates how to use this function (Figure 1).

In contrast, the cubic spline polynomial interpolation and extrapolation model is used to “fill in the gaps”
of missing values (interpolation) and forecasting outside of the known values (extrapolation) when the
underlying structure is nonlinear. For example, we can use apply this approach to spot yields and term
structure of interest rates whereby the model can be used to both interpolate missing data points within a
time series of interest rates (as well as other macroeconomic variables such as inflation rates and
commodity prices or market returns) and also used to extrapolate outside of the given or known range,

useful for forecasting purposes. Figure 2 illustrates the cubic spline model.
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Figure 1: Interpolating missing values in a linear time-series
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INTEREST RATE STATISTICS

Function: B2CubicSpline (Known X, Known Y, Required X) Daily Treasury Yield Curve Rates
Years Spot Yields Get e-mail updates when this information changes W
0.0833 4.55% These are the yields
0.2500 4.47% that are known and Historical Data
0.5000 4.52% are used as inputs in EZT This gata is also avalable in XML format by cicking on the XML icon
1.0000 4.39% the Cublic Spline RargTam Jtes
2.0000 4.13% Interpolation and September 2007
3.0000 4.16% Extrapolation modl Oats  1mo 3mo 6mo fyr 2y 3w Eyr Tyr 10w D Wyr
50000 4.26% 0304007 455 447 452 439 413 416 426 438 456 488 4.84 v v
7.0000 4.38% 0905007 441 438 441 428 403 405 416 429 448 482 478
10.0000 4.56% 09/06/07 428 429 442 430 408 409 420 432 451 484 479
20.0000 4.88% 09/07/07 403 407 420 410 350 392 403 41T 438 473 470
30.0000 4.84%

QU107 393 396 420 409 38T 389 400 413 434 468 465
OIOT 413 411 427 416 395 397 407 419 437 463 465

Spline Interpolation and Extrapolation Results 01207 400 403 420 412 385 399 411 423 441 472 468
091307 404 408 427 420 408 411 422 433 443 479 4TS

Years Yield Notes 0914007 385 401 422 416 405 407 418 430 447 477 472

05 4.52%  Interpolate QUNTNT 382 415 431 423 406 411 421 432 448 476 472

12 j:g?é:: ::::[ﬁg:::: 091807 387 401 412 408 400 404 419 432 450 481 477

20 413%  Interpolate Yield Yield Curve of Actual Data

25 4.13%  Interpolate 5.00%

30 4.16%  Interpolate 4.90%

35 419%  Interpolate 250% T

4.0 422%  Interpolate -

45 424%  Interpolate 470% i

50 426% Interpolate 4.60% /

55 429%  Interpolate 450% i

6.0 4.32%  Interpolate 1.40% /

6.5 436%  Interpolate aa0n A yd

7.0 4.38%  Interpolate ) \

75 441%  Interpolate 4.20% V4

80 4.44%  Interpolate 4.10%

8.5 447%  Interpolate 2.00% . . . . . . Year
9.0 450%  Interpolate o s 10 15 20 25 20 s

Figure 2 Interpolating missing values and forecast extrapolation in a nonlinear time-series

The cubic spline extrapolation approach can be applied either by using the Modeling Toolkit function or
Risk Simulator’s Cubic Spline module as seen in Figure 3. The example file can be accessed through
Risk Simulator | Examples | Advanced Forecasting Models and going to the Cubic Spline worksheet.

Figure 4 shows the results of the cubic spline results.



Cubic Spline Interpolation and Extrapolation

The cubic spline polynomial interpolation and extrapolation model is used

to "fill in the gaps™ of missing spot yields and term structure of interest rates
whereby the model can be used to both interpolate missing data points within

a time series of interest rates (as well as other macroeconomic variables such
as inflation rates and commodity prices or market returns) and also used to
extrapolate outside of the given or known range, useful for forecasting purposes.

Years Spot Yields

0.0833 4.55% These are the yields
0.2500 4.47% that are known and
0.5000 4.52% are used as inputs in
1.0000 4.39% the Cubic Spline
2.0000 4.13% Interpolation and
3.0000 4.16% Extrapolation model
5.0000 4.26%

7.0000 4.38%

10.0000 4.56%

20.0000 4.38%

30.0000 4.84%

To run the Cubic Spline forecast, click on Risk Simulator | Forecasting |
Cubic Spline and then click on the link icon and select C15:C25 as the Known
Xwalues (values on the x-axis of a time-series chart) and D15:D25 as the Known
Y values {make sure the length of Known X and Y values are the same). Enter
the desired forecast periods (e.g.. Starting 1. Ending 50, Step Size 0.5). Click
'OK and review the generated forecasts and chart.
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INTEREST RATE STATISTICS

Daily Treasury Yield Curve Rates

Get e-mail updates when this information changes

Daily Treasury
Yield Curve Rates

Daily Treasury Bill
Historical Data ~ Bates
This data is als available in XML format by clicking on the XML icon Daily Treasury

= | B

The cublic spline poly intery model is used to fill in the
gaps™ of missing values and for forecasting time-series data, whereby the model can
be used o both interpolate missing data points within a time series of data (e.g.. yield
curve, interest rates, macroeconomic variables like inflation rates and comy ity
prices or market returns) and is also used to extrapolate outside of the given or known
range, making it useful for forecasting.

Known X Values: [C15.C25 E]
Known ¥ Values: [D15:D25 5]

Generate a spline curve based on the following X values

Ending |50

Cubic Spline

nd

Starting: |1 Step Size: |0.5

L0 Cancel |

Long-Term Rates

September 2007 Daily Treasury Real
Date 1mo 3mo 6mo 1yr 2yr 3yr Syr Tyr 10yr 20yr 30yr Yield Curve Rates
U407 455 447 452 439 413 416 436 438 456 485 484 %’Y%%
090507 441 436 441 4323 403 405 416 479 445 487 478
0I0GI0T 428 429 442 430 408 409 420 432 451 484 479
UHOTIOT 403 407 420 470 380 382 403 417 438 473 470
091007 393 396 420 409 387 389 400 413 434 463 465
09107 413 411 427 416 385 397 407 419 437 465 465
DINZ0T 400 403 420 4712 385 399 411 433 441 472 468
0913007 404 403 437 430 408 411 477 433 449 479 475
0914007 385 401 422 416 405 407 418 430 447 477 472
DIATIOT 382 415 431 423 408 411 421 432 448 476 472
0911807 38T 401 412 403 400 404 419 432 450 481 477
Yield Yield Curve of Actual Data
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Figure 3: Cubic Spline forecast using Risk Simulator



Cubic Spline Forecasts

The cubic spline polynomial interpolation and extrapolation model is used to "fill in the gaps” of missing values and for forecasting time-series data, whereby the model
can be used to both interpolate missing data points within a time series of data (e.g., yield curve, interest rates, macroeconomic variables like inflation rates and
commaodity prices or market returns) and also used to extrapolate outside of the given or known range, making it useful for forecasting.

Spline Interpolation and Extrapolation Result
X Fitted ¥  MNotes - i
1.0 4.39%  Interpolate Ov Real Dptluns
20 413%  Interpolate Valuatien Sphne Forecast
3.0 4.16% Interpolate www realoptionsvaluation.com 4.80 % e s
40 422%  Interpolate These are the known value .
50 426%  Interpolate inputs in the Cublic Spline TR X e o ot
6.0 4.32% Interpolate Interpolation and Extrapolation 470%
7o 4.38% Interpolate model:
8.0 4.44% Interpolate 460 %
9.0 4.50% Interpolate Observation KnownX  Known'Y
10.0 4.56% Interpolate 1 0.0833  4.55% 4.50 %
1.0 461% Interpolate 2 0.2500 4.47% S
12.0 4.66% Interpolate : 0.5000  4.52% z
13.0 4.70% Interpolate 4 1.0000  4.39% 430%
14.0 4.74% Interpolate 5 2.0000 413%
15.0 477% Interpolate 6 3.0000 4.16% 4.20%
16.0 4.80% Interpolate 7 5.0000  4.26%
17.0 483%  Interpolate 8 7.0000  4.38% A0 z 7 =3 e o = 2 i,
18.0 4.85% Interpolate 9 10.0000  4.56%
19.0 4.87% Interpolate 10 20.0000 4.88%
20.0 4.88% Interpolate 1" 30.0000 484%
21.0 4.89% Interpolate
220 4.89% Interpolate
230 4.589% Interpolate
240 4.589% Interpolate
250 4.89% Interpolate
26.0 4.88% Interpolate
270 4.87% Interpolate
28.0 4.86% Interpolate
290 4.85% Interpolate
300 4.84% Interpolate
3.0 4.83% Extrapolate
320 4.82% Extrapolate
330 4.81% Extrapolate
34.0 4.80% Extrapolate
35.0 4.79% Extrapolate
360 4.73% Extrapolate
370 4.79% Extrapolate
38.0 4.79% Extrapolate
39.0 4.79% Extrapolate
400 4.80% Extrapolate

Figure 4: Cubic Spline forecast report



