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1. Terms and definitions 
The following terms and definitions are used in this Moscow Exchange Methodology for Calculation of Zero Coupon Government Bond Yield Curve (the “Methodology”): 
Calculation base – a list of government bonds the prices of which are used to construct the Curve.
Basis point – a unit equal to one hundredth of one per cent (0.01 per cent) that is used to measure the yield. 
Zero coupon yield – the yield to maturity of a zero coupon bond. 

The Exchange – Public joint-stock company “Moscow Exchange MICEX-RTS”.
Weight – a parameter calculated by the algorithm for each government bond issue as part of the calculation base monthly review.  
Price level time – the time from which a certain price level exists continuously.  
Government bonds (also, the “bonds”) – the Russian Federation government bonds admitted to trading on the Exchange.

Settlement date – the date (determined pursuant to the terms of the trade in the government bond and Moscow Exchange Trading Rules for Equities and Bonds (the “Trading Rules”)) at which trading members and/or the clearing organisation must perform their obligations under the pertinent trade pursuant to the procedure set out by the internal documents of such clearing organisation and/or the Trading Rules.  

Dynamic parameters – 
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coefficients.
Trade yield – the yield to maturity associated with the price of a trade executed in the Equities & Bonds Market’s Main Trading Mode T+ (the “Main Trading Mode”). Such yield to maturity is calculated as per the Exchange’s internal documents for the Equities & Bonds Market.       
Curve – the zero coupon yield curve for the government bonds market constructed in accordance herewith.  

Correction factor – the addition used to precise the estimated yield. Correction factors are zero for base issues.    

Zero coupon yield curve – the relationship between zero coupon bond yields and maturity dates; a function that describes the term structure of interest rates.
Base issue – one of the most liquid bond issue in the calculation base for which the correction factor is zero.   

Estimated price – the bond price calculated based on the Curve as the sum of discounted cash flows from the bond.    

Estimated yield – the yield to maturity associated with the bond’s estimated price. 
Static parameters – values used to adjust the algorithm: 
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. They are set and changed by the Exchange. 

Corrected estimated yield – the sum of the estimated yield and the correction factor for the bond. 

Corrected estimated price – the bond price (net) at which the yield to maturity equals to the corrected estimated yield.
Spread – the difference between the trade yield and the corrected estimated yield. 
Fixed parameters – constant values 
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Price levels – at any given moment, the set of prices of a certain bond issue, such that there is at least one pending limit order for every price. All orders with the same price belong to the same price level.   
2. General provisions
2.1. This Methodology outlines a process by which the calculation base, base issues, static and dynamic parameters are determined as well as information on the Curve is disclosed.
2.2. This Methodology as amended and supplemented from time to time is developed subject to recommendations from the Expert Council of the National Settlement Depository Valuation Center.
2.3. The zero coupon yield curve is named as follows:
2.3.1. Full name in Russian: “Кривая бескупонной доходности государственных облигаций России”;
2.3.2. Full name in English: “Russian Government Bond Zero Coupon Yield Curve”;

2.3.3. Full name in Russian: “КБД Московской Биржи”;

2.3.4. Full name in English: “MOEX GСURVE», «MOEX ZCURVE”.
2.4. Terms and definitions not defined in this Methodology shall have meanings ascribed to them in other internal documents of the Exchange as well as federal laws and associated regulatory acts of the Russian Federation.  
3. Determining the calculation base
3.1. The calculation base is reviewed monthly. The newly established calculation base takes effect on the 15th day every month. If such day is a non-business day, the calculation base takes effect on the next business day.
3.2. The following types of bond issues are not eligible for the calculation base:
3.2.1. Bonds expiring in less than two months as of the 15th day of the calculation base month;     
3.2.2. Bonds with at least one non-fixed (unknown) payment (including the coupon payments, amortization payments and the redemption payments);
3.2.3. OFZ with debt amortization.
3.3. Bonds eligible for the calculation base are determined as follows:
3.3.1. Bonds are divided into three groups considering their remaining maturity as of the 15th day of the month in which such calculation base takes effect:
· Bonds with a remaining maturity between two months and two years;
· Bonds with a remaining maturity between two and ten years;
· Bonds with a remaining maturity above ten years.
3.3.2. The trading volume and number of trades in a bond in the Main Trading Mode are considered.
3.3.3. In every single case, the calculation base is determined based on the retrospective period of three months preceding the first day of the month in which such calculation base takes effect. For example, historical data from 1 October to 31 December is used to determine the calculation base to be effective from 15 January. 
3.3.4. Trades are sorted down by volume for every bond issue; then first 5 per cent of the trades are excluded.
3.3.5. Relative liquidity of the bond issues is analysed specifically for every group mentioned above. The liquidity ratio over the retrospective period is calculated as follows for every bond in the group:
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	where:

	
	
	
	

	
[image: image30.wmf]k

T


	-
	The number of trades executed in the kth issue during the retrospective period subject to Clause 3.3.4;
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	-
	The total volume of trades executed in the kth issue during the retrospective period subject to Clause 3.3.4;
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	The average number of trades 
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	Similarly, the average of trading volumes 
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	Weighting coefficients: static parameters that meet the conditions: 
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3.3.6. The minimum level of the liquidity factor 
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 is set for every group. Bond issues with the liquidity factor at or above such minimum level are only eligible for the calculation base.    
3.4. 
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is calculated for each bond issue in the calculation base. For this purpose, all issues in the calculation base are ranked in descending order of the liquidity factor and the 
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3.5. If bond issues with 
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are not available for the group of bonds with a maturity between two and ten years, an issue of this group that has the largest weight is set to be base.  
3.6. The standard deviation 
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of the yield to maturity is computed for each bond issue in the calculation base. For this purpose, we study a sequence of yields to maturity
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 - the number of trades in the kth issue during the retrospective period subject to Clause 3.3.4. Then, a series of  oscillations is produced:
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 to the interval between the static levels 
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is determined for such series of oscillations. 

3.7. The Exchange may decide to use calculation bases, weights and base issues other than those defined in Clauses 3.3, 3.4, and 3.5 above.
4. Parametric yield curve models
4.1. The curve is represented (as the continuously compounded interest rate) by the parametric Nelson-Siegel model with adjusting terms added: 
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where term 
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 (in years) is counted from the settlement date, 
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4.2. The zero coupon yield as spot yield with annually compounded interest is related to the continuously compounded yield through the following ratio (in basis points):
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While the discount function is defined as follows:
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5. Data preprocessing
5.1. To compute dynamic parameters of the Curve, data on trades (orders) in bond issues included in the calculation base that were executed (entered) on the Main Trading Mode is used.
5.2. The dynamic parameter vector 
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 and the vector of correction factors 
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are recalculated once any of the following transactions has occurred: 
· Order entry;

· Order cancellation;

· Trade execution.

5.3. If a trade has been executed, the recalculation described above is made in two stages:
· The trade is processed;
· Active residing orders are processed. 

5.4. If the trade volume is less than
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, the trade is treated according to Clause 5.3, but parameters of 
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are not reviewed. Otherwise, yield to maturity
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5.5. Any active orders in each bond issue in the calculation base are taken into account in order processing. If there are bids in the 
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th bond issue, the bid price 
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is set to be the highest available bid price that meets the following conditions:   
· The period from the moment the price appears until the recalculation time (the period in which the price is continuous) equals or exceeds  
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 (in sec);

· The order volume equals or exceeds 
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 (in security units).
If there are no bids available for such bond issue or 
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cannot be determined provided the 
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 conditions are true,  
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is deemed to not exist. 
5.6. The ask price 
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 is determined in a similar way, i.e. it is the lowest available ask price for which the following conditions are true:   
· The period from the moment the price appears until the recalculation time (the period in which the price is continuous) equals or exceeds  
[image: image91.wmf]time

 (in sec);

· The order volume equals or exceeds 
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 (in security units).

If there are no asks available for such bond issue or 
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is deemed to not exist. 
5.7. The prices 
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[image: image99.wmf]k

n

YTMbid

 and 
[image: image100.wmf]k

n

YTMask

.
6. Calculation of Curve parameters upon trade execution 
6.1. The correction factors are damped for all bond issues except base ones (for which 
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 - the static parameter, 
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 - the vector of correction factors at the previous recalculation step.
6.2. The following preliminary computing is made for the issue 
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6.2.1. The bond estimated price is determined as follows:
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	The discount function (3) for the
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	-
	The 
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	-
	The number of remaining interest payments according to the terms of the bond issue. 


6.2.2. The estimated yield 
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6.2.3. The vector of partial derivatives 
[image: image116.wmf]h

of the function 
[image: image117.wmf](

)

x

YTM

k

 at 
[image: image118.wmf]1

-

n

x

is calculated numerically.
6.3. 
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is estimated again component by component:
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Where 
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 - the period (as a fraction of the year) from the settlement date to the redemption date of the bond issue, 
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6.4. If 
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7. Calculation of Curve parameters upon order processing
7.1. The correction factors are damped for all bond issues (see clause 6.1).
7.2. An iterative process is run in which boundaries 
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7.2.1. 
[image: image155.wmf]k

corrected

YTM

is calculated according to Clauses 6.2.1 and 6.2.2 for each bond issue 
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7.2.2. 
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the bond issue is deemed to be described adequately by the Curve and correction factors. If the following inequalities are true for all issues, the iterative process ends: 
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7.2.3. If there are issues for which the inequalities given above are not true, the discrepancy value is fixed. We chose issue 
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 with the largest discrepancy as multiplied by weight of the bond issue. A virtual trade with yield 
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7.2.4. The vector of partial derivatives 
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7.2.5. 
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where 
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7.2.6. If 
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7.3. Each iteration ends with calculating the criteria to define how accurate the curve has been matched to boundaries 
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7.4. The cycle of iterations continues until one of the following conditions is true:  
7.4.1. The accuracy criteria equals zero (the boundaries are met). In this case, 
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7.4.2. At any last iteration 
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, the accuracy criteria is greater than that at the immediately preceding iteration. In this case, 
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is set to be the parameter vector at such preceding iteration and correction factors for bond issues other than base issues are determined as follows:
· If clause 7.2.2 is true, 
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7.4.3. The number of iterations exceeds the static parameter
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. In this case, the minimum value of the accuracy criteria is determined in last iterations
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 is set to be the parameter vector at such iteration and correction factors are determined as per formulas given in Clause 7.4.2.
7.5. Upon update of the calculation base, starting values of the correction factors for bond issues not included in the previous calculation base are set to zero. 
7.6. Upon occurrence of circumstances that may have an adverse impact on the Curve’s ability to accurately reflect the term structure of interest rates, the Exchange may take any action necessary to ensure the relevance of the Curve, including removing a Bond from the Calculation Base, setting values of parameters used to build the Curve as set out in this Methodology, etc.  
8. Disclosure
8.1. This Methodology as amended and supplemented as well as the calculation base are published on the Exchange’s official website at least one business day before coming into force unless otherwise decided by the Exchange. 
Current static parameters with their historical values as well as the following end-of day values are also available on the Exchange’s website: 
· Dynamic parameters;

· Values of the function 
[image: image231.wmf](

)

i

t

Y

 for terms 
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 in the range of 0.25 ÷ 30 years;
· Prices and correction factors for bond issues in the calculation base.
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