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¥. TMIT q@HT AT THHT [Afge
q) TFET AT (Survey Methods)

(%) TH IOl HRAIITH AW T qea@d! I Gl TRUHI T B
T TEe®Hl T AIH! oRash! T21g IUsd T9UH diadm, T
THFR oA U9, 09Y ¥ Ival O o egaequd U9, 09y AT
Jool@ TRUHT TIHT ATHT Gidh] qEeddl & Hid 8 T9HT I T
JEH! TFAST qTAT TREAH ATAW T4 AT & TN 1 |

(@) SIECTHT M TqEEd HH! T &I qLaE G5 Tele  TWRAREH
EAAT O HId A9 G WAl TS G5 W GG | A9 GEIET THAT g
TA TEqq RSB g FEEE quwr dRwdr a¥ a9 @y W W@

AEETe qSTEd FEHUUT &1 I g e |
Tt ¥: ATEA FAET

STATAHT AH dgem HD A gEd
EdEd ¢ | bl TEH

9. HEAEd ®E e The q0 Y000 Y0000

3. WET HR @6 qred 3 Y0000 900000

3. AT Hd ol Ed Y 34000 934000

Y. AgHd HHHT Men 3 3000 2000

y. Rfrcass GFaqs C 90000 80000

&, HEATAD! [FeAeE ¥ 4000 30000

©. e el Far 3 Y000 94000

G. 9 94t £y R000 q0000

<. m‘grﬁ%w Q q000 000

STET AT T

Q) = oo Eﬁﬁ faEmor f&fer (Unconditional Trend Analysis Methods)



T foRTa A Ul qEATEATS AR AT AT WEOU TREg | ST AR
F TRAMCIHIH] AN e aiebr Trael Heh! wauw 1 9ai fou afds
FUHI A FH Ag 7L e T G Gfvee a@@r gamn aieg | O @
T g9 T T oW TER Aol FHIT T b | JeMIcABETET ST ST
JARFEE g T A HRA BN g1 ATEAW AT @i A0 Mg | A qa o
YT RIS T el gol TUTer TEAT TEqI EEEr W W AR a9 e qe
(Subjecive Aspect) TS THT EATTHT Teq g | Freerd ERIl fasmor fafeis of
fafirer Su-fafdee war g s afem == a0 TRus g |
%) THRIAH] FEIU TAA ATINRG &I (Excel based forecasting method): aT
BfmT Time Series ACAEHA TANT TReg| TEEWEHT AW HA TH

TRATTHTHT AT FA HIHT THH 2818 ATAR WHl g W1 Microsoft Excel

T forecast formula ATE TTATE ARG TET T Al |

qiferet YA ot ferrerooT fafyr

aitfe af (x) AT AT F (€ gown) (y)

R0O&R /00 RY0
300/019 300
R0Bq/0WR 333
R0LR /03 3RE
R0B3/0LY EER
R0LY /0Ly ¥39
J0.Y /0B ¥R0
R009& /00 ¥
R0kl /0oL ¥qo
R0l /06 1R




EYelChvielate) {30

R0zo/0Tq
i af 3050/0% 9 HT AIRT FEUT THH L&
= forecast formula: = forecast (x, known ys, known x,/

= x = ATY® a9 J06L/00E,

*  known y, WAl AMfd& T R06% /090- R08E /00 TEHT AT AN Are
BT

= known x WH R0&%/0L0- R01& /0081 cell

& Excel File Edit View Insert Format Tools

&
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c12 - fx =FORECAST(A12,B1:B11,A1:A11)
A B C D E F

) J0%% yo|

o 3010 300

: J0q 333

3 03 3%

s 013 3UY

6 Qoley ¥39

: R0y, ¥2,0

8 Joug ¥R

: RoLL ¥qo0

10 Rolkg LRY

- J0%, ¥ 30

12| Rozo m

13 - 1

q) ﬁﬁ’;&:lﬁ EE=Eal 7{@{ ElﬁQTﬁﬁ‘ Arad E{E{I BT 31T%1‘T{ (Moving Ave.rage Growth
Rate Method) : 79 Tl Zemel @& wimm T4 wwd afg wiier Fred




TRFg | FTATS Multiplicative Trend fafer afr Tl TREg | SRTETHT AT ;ﬁ
UF WA TRAHDT AfEH a7 j0e3/063 IRF R00%/050 & AN
SHIEE HCHI qel goold TRUHT gl AW TR Ad gigel 9
TS ATIR Al STaa HHT A1 &9 T 99483 |

qiferesT & stad Jfe TR F@uT

AMd® a9 | FIET B | OIS il fereor EIRNEG)
(¥ =r@wm) | (Multiplicative g
Trend)
R06R /63 q%.%0 -
R0L3 /Y 90.2% 9.93 Q.2 ¥+94.%0 93
R0y /Y R0.R3 9.93 R0.R3:90.RY% 93
R0 /8% 9.y q.0% RQ.6¥+R0.83 0.0g¢
R0B& /L R3R.0Y% q.0% R3.0¥+R9.4 0.0%
R0/t RV.9¢ 9.9% R8.95+R3.0Y% ¢
REILI-VACS RR.EGR .90 RR.GR+RL.9¢ q0
R0BR /O EERE 19
A g 7T .99 (1.93+9.93+9%.0
Z+9.08+9.95+9.
q0)/&= 1.99

= UYF T¥ J00% /50 B YHUM WhHH = ATLH R085/8% H FaqT HT

THY x A YT 9ig T

= RR.6% x 1.99

= I3.9%
= Step 9: Calculate Miltiplicative Trend: Current Revenue/Past. Revcenue
* Step R: Calculate moving average R0WV3I/VY¥- R005 /R
* Step 3: Forcast for ROV /TO = R.GR x .99

) Id Wmﬂﬁéﬂ% (Last Year Growth Rate Method): 9 faferar Tuasr
AMAH qUHI qlg TS ATIR AN ARMH AT adepl AFHT TG0 TS |



JEHT @ AGF ATAT I T A HUH F Alel ST AN ATMAH auaT AT
g g AT Mg | TEH U IEXW q TEqd IRUHT F |

it ©: (T i et 9fe qTene waau

i o A HY (€ G

E{CEWACE| qe.R0

EICEVACE S qQL.RY

R0LY /Y R0O.R3

R0BY /9% R9.84%

R0B& /L R3.0%

R0/t RV.9¢

R0LT/ R 3%.5%

0% /50 33.93

AdF a 0% /50 FHT &I | RR.63x3%.63/30.95 = IR.6R
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p32 > f>x =D31*D31/D30
B G = =

24 g ad  sgeEa H< (T SrEAr)
25 ELICEPACE qQu. .2 o
25 ReLRsbY 9.2 ¥
= RoLY /oy R0.]3
28 RoLY/sg 29 .Y
29 ELICIA4CIC) 23.0%
30 EZ=JCICPATY ~ 20.95
31 E3=JCI-4CLY 2= .3

32 RoWLR /50 I 3.




) NUSEED 5[% EIREI agaﬁa FEqUT (Multi Year Forecating Using Multiplicative
Trend): TRTa wTfefes oIfahT SATehT SATUTRAT TOMeAs Ffg & Ad &% Hafer 78
TH THT AIRAT AV AUeedl A YA g | T desed

WEAFTRAT @d GCAh] TS AN 79 [afaes Wnmr oare 9o |

A AR FA SUTHERT WS BLeTs 8@ TaiE gaqor T
g |
EIRECL] HARTT BT TUTTcHE aj'ﬁ (Multiplicative Trend)
R0Y /9% L¥og
R0B8g /8 EQCIAC) 9.0
R0/ 8T %R0 q.0¢
Robg /] &&3R j.0%
A A 9fg 3T 1.0l
AMMdEH a9 & TRUHT THH ferarr
R0LR /O vq0% &&3R+9.00
R0zo/5q B&IR 890%+9.01
Rogi/aR c149 W&E9R*q.00
ROGR/ER (SCEQN tq49+9.00
ROT3/TY RIX¥E z9R%%q.0
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I
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D31 - fx =AVERAGE(D28:D30)
A B c D E
25
26 anfda A HARHAT FHL IOTMeHE It (Multiplicative Trend)
27 r0oq¥ Y yos
28 RO Lot 1.0
29 RO & &R0 .05
30 roqe A q.9%
31 STET UIeHs i 9% I q.00|
32 Roeq = Lqo0% §53I%«q.0 C30*D31
33 EX-L K3 BEqQ 3 LQegxq.0L C32"D31
34 RORO Z94Y9q @EqI+9.0W C33*D31
35 Roz9q L TIU9=q.0w C34*D31
36 RORR 2, 3% TLRxq.0L C35*D31
37

¥) Compound Annual Growth Rate Method: a1 fafeT <@Tda qa TART T
Microsoft Excel AT feRTdepT Compound Annual Growth Rate IREAII Fﬁa STLITCHT
AN AT =depl e WSOV TR | JEERIEHT AN B U ARAIereB T
FETA BT TG Compound Annual Growth Rate <81 FHINH HaTed Tl |

i

Final Value \N
CAGR = - —
Starting Value

At ad FETA HY (T FoleT)

R0Lo/0q 9334
R0Lq/0LR ¥R &
093 /003 9ER
R0B3/08Y 3009
R08Y /08y RY&R
R0y /0% ERE "




Compound Annual Growth Rate (CAGR) = R9.¥0 %

CAGR = ((Ending Value /Beginning Value)*(1/No of Years)) -1
End Value = 3257; Beginning Value = 1235; No of Years =5

e
No of Years ¥ Base Year THIAYT W | a<T Fef ¥ A% qRAUH g
Compound Annual Growth Rate W<t W % HT &7 T |

THHT ATAE T4 08 /061 BT AN F@T HT Y& T Gal & IRU© A
R9.¥0 % 99 T TEIT T IG T HH Tel 33%6(9+.0.39%0) = ® 32%Y
IEIEEEL

Beginning value

1
CAGR =[ End value ][ fysars] "
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4 R01Y/0Y ¥R &

43 R0LY /0L 95’

a4 Joug /ol 3009

45 obla/oleg &R

26 R0l /08% EXE At

47 Compound Annual Growth Rate 0.Xq1%0 R9.¥0¥%

48 R0LR /50 HT TEIU 394 3IRLE9.39¥0
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Training of Trainers (TOT) Module on Revenue Forecasting Techniques of Time Series Data

1. Module Summary

Learning By the conclusion of this module, the participants will have achieved the
Objectives following learning objectives:

=  Appreciate the importance of scrutinizing time series data to uncover
trends and pinpoint possible data anomalies.

= Grasp how the quality of data influences the choice of a suitable
revenue forecasting model.

= Generate revenue forecasts utilizing unconditional models like trend
extrapolation, and articulate the advantages and constraints associated
with such models.

= Generate revenue forecasts employing conditional models such as
effective tax rate and linear regression and elucidate the strengths and
limitations inherent in these models.

Forecasting = Unconditional forecasting models such as trend extrapolation.
techniques = Conditional forecasting models, including techniques like linear
regression and the effective tax rate approach.

Goal of =  Accuracy entails minimizing forecasting errors.
Forecasters = Rationality involves incorporating all pertinent information.

= Unbiased forecasts strike a balance between optimism and pessimism.

Data sources = |dentifying sources for obtaining time series data.
and = Evaluating data quality and identifying potential issues within the data.
diagnostics = Summarizing essential statistical characteristics of time series data.

2. Introduction to Revenue Forecasting

1)

This module is all about forecasting how much money the government will make from taxes
in the future. It explains different methods for making these predictions. Forecasting tax
revenue isn't easy, but it's doable if you use the right tools and make smart decisions. There
are lots of things that can affect tax revenues, like changes in the economy, prices of goods,
or how people pay taxes. Also, the data used for forecasting isn't always perfect and can be
outdated. So, mistakes in predictions are common, even with the best techniques and data.

That's why it's important to carefully check both the information going into the forecast and
the results coming out of it. There isn't one perfect forecasting method that works for
everyone. It depends on things like the type of taxes being forecasted and the data available.
Sometimes, it's necessary to try out different methods to see which one gives the most
accurate predictions. This module will teach you where to find data and how to tell if it's
good quality. It also covers different ways to make forecasts, starting with simple models and
moving on to more complex ones. Lastly, it introduces linear regression analysis, which helps




forecast tax revenues by estimating how sensitive they are to changes in certain factors. The
goal is to give you basic tools to figure out which forecasting method is best for your needs.

3. Sources of Data

1)

Data quality holds the utmost importance in forecasting. Reliable data access is essential for

producing precise forecasts. Without dependable data, analytical methods cannot be

effectively utilized, leaving us reliant on mere estimations. The data utilized in revenue

forecasting is commonly known as time-series data. This implies it consists of observations of

a specific variable, such as tax revenue, GDP, or prices, across numerous periods. Multiple

reputable sources are available for acquiring macroeconomic data, either at the national or

international level. Here are some external outlets where time-series data can be obtained:

= The Central Bureau of Statistics (CBS) provides downloadable macroeconomic data
through its website, accessible at www.cbs.gov.np.

= The Ministry of Finance also offers macroeconomic data on its website, which can be
found at www.mof.gov.np.

= Nepal Rastra Bank (NRB) regularly releases comprehensive sets of macroeconomic
indicators, along with economic forecasts. Data from NRB can be downloaded from
www.nrb.org.np.

= Other sources: Sector-specific data is available from ministries responsible for each
sector. For example, health-related data can be obtained from the Ministry of Health and
Population. Wolfram Alpha can analyze this data professionally and can be accessed
through its website: https://www.wolframalpha.com. Additionally, databases are
maintained by organizations such as the World Bank, IMF, and UNDP.

4. Inspecting the Data

1)

Once we find our time series data, the next step is to look at it visually. This means using
graphs and charts to see what the data looks like. Doing this helps us understand the basics
of the data and spot any problems before we start using more advanced methods. Looking at
the data helps us use our instincts to see if there are any issues and understand what's
important in the data. Making simple graphs of the data is helpful. We can draw lines on the
graphs to see if there are any trends or patterns. Also, comparing different sets of data by
putting them on the same graph can show us how they relate to each other.

By doing this, we can figure out things like whether the data is going up or down over time if
there are repeating patterns, or if the data is changing a lot. This helps us decide on the best
way to predict what will happen next. Looking at the data can also help us spot any strange
things, like really high or low numbers, missing data, or sudden changes. It's important to fix
these issues before we try to predict anything. If we look at multiple sets of data at once, we
might see that they're connected in some way. This can help us make better predictions.

But it's important to know that just looking at the data has its limits. Sometimes the data is
too complicated or it's been affected by big events. In those cases, we need to use more
advanced methods to make predictions. Overall, looking at the data is a really important first
step in predicting what will happen in the future. It helps us make guesses about what might
happen based on what's happened in the past.

5. Basic Data Diagnostics

1)

Before moving forward, it's helpful to understand the four main parts of a time series.
Knowing these parts not only assists in visualizing the data but also helps in choosing the
right way to predict future values. Every time series can be divided into four components:


http://www.cbs.gov.np/
http://www.mof.gov.np/
http://www.nrb.org.np/
https://www.wolframalpha.com/

= Trend: This shows the general direction the data is moving in over a long period of time.

= Seasonal Variations: These are patterns that repeat at certain times of the year, like
holiday spending spikes. However, we won't focus much on this in this course.

= Cyclical Variations: These are regular ups and downs that happen over periods longer
than a year, like economic cycles.

= Irregular Variations: These are random fluctuations caused by unexpected events.
They're short-term and can't be predicted.

2) Understanding these parts helps us break down the data and figure out what's causing the
patterns we see. With these four components in mind, we can start looking at some
summary statistics, like the mean, median, and standard deviation. These numbers give us a
quick idea of what the data looks like overall. For instance, the mean and median tell us
about the typical values in the data, while the standard deviation shows us how spread out
the data is around the average. These statistics help us understand the overall characteristics
of the data in a simple way.
= Mean: To calculate the mean, we add up all the data points and divide by how many

there are. The standard deviation measures how much the data points vary from the
mean. It's calculated by finding the square root of the average of the squared differences
between each data point and the mean.

n
1 X +X; + --- X
Mean = u = — E Xy = 1 2 L
o n

= Standard deviation: The standard deviation, o, is a measure of data dispersion around
the mean, L. It is calculated as follows:

n
1 X, — 24 (X — )24+ (X, — 2
Standard deviation = ¢ = ;Z(Xt—,u)z —J( RS P: G

t=1

= Coefficient of variation: Another measure we can use is the coefficient of variation (CV).
This compares the standard deviation to the mean. If the CV is bigger than 1, it means the
data has a lot of variation. If it's smaller than 1, there's less variation.

Standard deviation o
CV = = —
Mean )zl

6. Learning Activity
1) The Analysis ToolPak: The Analysis ToolPak is an Excel add-in program that provides data
analysis tools for financial, statistical and engineering data analysis.To load the Analysis
ToolPak add-in, execute the following steps.
1. On the File tab, click Options.
2. 2.Under Add-ins, select Analysis ToolPak and click on the Go button.



Excel Options 7 x
General o— . . . .
E@ View and manage Microsoft Office Add-ins.
Foermulas
Data Add-ins
Proofing MName = | Location | Type ]
Save Active Application Add-ins
MNo Active Application Add-ins
Language
Inactive Application Add-ins
Fase of Access Analysis ToolPak Excel Add-in
Advanced Analysis ToolPak - VBA ChndLAM Bxcel Add-in
Date (XML) ChGGFLOLL  Action
Customize Ribbon Euro Currency Tools CihWXLAM Excel Add-in
Ouick Access Toolbar Inguire Chanimdll COM Add-in
Microsoft Actions Pane 3 XML Expansion Pack L
Add-ins Microsoft Power Map for Excel ChLLOLL COM Add-in
Microsoft Power Pivot for Excel Chandingdll COM Add-in
Trust Center Microsoft Power View for Excel  Ci\.entdll  COM Add-in
Solver Add-in Coh XLAM Excel Add-in -
Add-in: Analysis ToolPak
Publisher: Microsoft Corporation
Compatibility:  MNo compatibility infermation available
Location: Ch\Program Files\Microsoft Office\roothOffice184 Librany,
Analysis\ANALYS32 XLL
Description: Provides data analysis tools for statistical and engineering
analysis
Manage: | Excel Add-ins v| Go.. &

3. Check Analysis ToolPak and click on OK.



Add-ins ? 4

Add-ins available:

[] Analysis ToolPak oK
[ ] Analysis ToolPak - VBA

[ ]Euro Currency Tools Cancel
[ ] solver Add-in

Browse...

Automation...

Analysis ToolPak

Provides data analysis tools for statistical and
engineering analysis

4. On the Data tab, in the Analysis group, you can now click on Data Analysis

1 R '_E '_E @ = | — Data Analysis
? ad 2 .
What-If Forecast | Group Ungroup Subtotal
Analysis =  Sheet = =
Forecast Cutline P Analysis

5. The following dialog box below appears. For example, select Histogram and click OK to
create a Histogram in Excel.



Data Analysis 4 >

Analysis Tools

8] 4
Correlation s jl:;'
Covariance Cancel
Descriptive Statistics

Exponential Smoothing
F-Test Two-Sample for Variances

Fourier Analisis

rMoving Average
Random Mumber Generation
Rank and Percentile W

Help

1) Descriptive Statistics of Time Series Data in Excel

1. You can use the Analysis Toolpak add-in to generate descriptive statistics. For example, you
may have the scores of 14 participants for a test.

A B

1 |Scores
2 | 82
3 | 93
4 91
2 | 69
6 | 96
7] 61
8 | 88
3 58
10 39
11 | 100
12 | 93
13 | 71
14 | 78
15 98
16

2. To generate descriptive statistics for these scores, execute the following steps.



I.  On the Data tab, in the Analysis group, click Data Analysis.

1 R '_E '_E E = | — Data Analysis
p BE 2 _
What-If Forecast | Group Ungroup Subtotal
Analysis =  Sheet = =
Forecast Cutline P Analysis

Note: can't find the Data Analysis button? Click here to load the Analysis ToolPak add-in.

II.  Select Descriptive Statistics and click OK.

Data Analysis 4 >

Analysis Tools
] 4
Anova: Single Factor s

Anova: Two-Factor With Replication

Cancel
Anova: Two-Factor Without Replication
Caorrelation
Covariance Help

Exponential Smoothing

F-Test Two-5ample for Variances

Fourier Analysis

Histogram v

III.  Select the range A2:A15 as the Input Range.
IV.  Select cell C1 as the Output Range.
V.  Make sure Summary statistics are checked.


https://www.excel-easy.com/data-analysis/analysis-toolpak.html

SS

Descriptive Statistics 4

Input oK
Input Range: SASHSAS1S i
Cancel
Grouped By: @ Columns
(O Rows Help

|:| Labels in first row

Cutput options

(® Qutput Range: 5C51 2.5
I:::l Mew Worksheet Ply:

I:::l Mew Workbook

|:| Confidence Level for Mean: 95 7o
|:| kKth Largest: 1
[ ] Kth Smallest: 1

VL Click OK.

Result:



1 |Scores Columni

2 | 82

3 | 93 Nean 81.21428571
4 91 Standard Error 4.045318243
5 | 69 Median 85
6 96 Mode 93
7 61 Standard Deviation  15.13619489
8 | 88 Sample Variance 229.1043956
9 58 Kurtosis -1.426053506
10 | 29 Skewness -0.402102004
11 | 100 Range 42
12 | 93 Minimum 58
13 | 71 Maximum 100
14 | 78 sSum 1137
15 98 Count 14
16 |

7. Statistical Functions
1. Average: To calculate the average of a group of numbers, use the AVERAGE function.

A3 - Je =AVERAGE(A1:01)
A B C D E F G H [ I J K L Il M
1_ ] 7 ] o 5 9 ] 7 a4 8 ] 3 5
2 r
3 5.6.|
4

2. Median: To find the median (or middle number), use the MEDIAN function.

AZ - I =MEDIAN{AL:01)

B e
=
=yl =]



A B C| D|E|F|G| H|I1|J K| L M|N|oO
1] o o 3 4 5 5 6 8 7 7 8 88 8 8 9

3. Mode: To find the most frequently occurring number, use the MODE function.

A3 - S =MODE(A1:01)

4. Standard Deviation: A standard deviation is a number that tells us how far numbers are from
their mean. To calculate the standard deviation, use the STEDV function.

A3 - £ || =STDEV({A1:01)

5. Min: To find the minimum value, use the MIN function.

A3 - £ || =MIN{a1:01)
A B | C| D | E | F |G | H I |J K| L M|N, 6 O

i| o 7 & 6 5 9 8 7 4 8 0 3 5 6 8

2

3n_|

4

6. Max: To find the maximum value, use the MAX function.

A3 v F || =max(a1:01)

8. Practical Exercise
1. Data Set and Instructions for Activities 1-2:
= For activities 1-2, utilize the data available in the provided spreadsheet. The spreadsheet
includes data (also presented in the table below) concerning business tax revenue and



property tax revenue in a municipality from FY 2006/07 to 2022/23. In this example, our

emphasis is on calculating the descriptive statistics for the growth rates of both variables,
displayed in the fourth and fifth columns of the table below.

Fiscal Business Tax Propertyt Tax Growth Rate of Growth Rate of
Year Re\.le.nue Revenue (million) Business Tax Revenue Property
(million) Revenue

2006/07 409.80 119.40

2007/08 413.10 177.60 0.0081 0.4874
2008/09 387.38 176.00 -0.0623 -0.0090
2009/10 451.80 139.80 0.1663 -0.2057
2010/11 441.46 148.10 -0.0229 0.0594
2011/12 531.50 217.70 0.2040 0.4700
2012/13 595.62 244.10 0.1206 0.1213
2013/14 631.53 285.92 0.0603 0.1713
2014/15 682.23 292.47 0.0803 0.0229
2015/16 679.06 361.23 -0.0046 0.2351
2016/17 695.30 256.45 0.0239 -0.2901
2017/18 785.14 311.05 0.1292 0.2129
2018/19 817.65 421.89 0.0414 0.3563
2019/20 962.11 428.10 0.1767 0.0147
2020/21 1,056.66 459.69 0.0983 0.0738
2021/22 1,127.32 538.88 0.0669 0.1723
2022/23 1,257.52 460.79 0.1155 -0.1449

To compute the growth rate of property tax (PT) for the fiscal year 2007/08, the formula is applied:

dividing the difference between the ending value and the beginning value by the beginning value. In

this case, it is expressed as follows:

Growth Rate of PT for the fiscal year 2007/08 = (Ending Value - Beginning Value) / Beginning Value

Substituting the respective values from the provided data:

=(177.6-119.4) /119.4

=0.487437




Thus, the growth rate of PT for the fiscal year 2007/08 is approximately 0.4874.

2. Activity 1. Using the provided data, determine the mean and standard deviation of the

growth rate for business tax revenue over the specified timeframe. Fill in the table below
with your calculated values, rounding to three decimal places.

A. Mean= 0.075: The mean growth rate of business tax revenue between 2006/07 and
2022/23 is calculated to be 0.075, or 7.5 percent. This indicates that, on average, the tax
revenue experienced a yearly growth of 7.5 percent over the given period.

B. Standard deviation =0.076: The standard deviation of the growth rate for tax revenue is
computed to be 0.076. This metric helps in assessing the variability of the time series
around its trend. It allows us to analyze the tax revenue growth for each year and identify
those years that fall within one or two standard deviations from the mean.

3. Activity 2: Calculate the coefficient of variation (CV) for the growth rate of business tax

revenue over the specified timeframe.

CV = 1.007: The coefficient of variation (CV) tells us how much the data varies compared to its
average. In this case, a CV of 1.01 means that the variability in the growth rate of business tax
revenue is moderate, with the standard deviation being roughly equal to the mean.

OConsumption Tax _ 0.0756

o o _ = 1.007
Consumption Tax ﬂﬂ‘ansumptiﬂn Tax 0.0751

5.

Activity 3: Calculate the coefficient of variation for the growth rate of property (PT) revenue.
Fill in the table below with your estimated coefficient of variation, rounded to two decimal
places.

Coefficient of variation (CV) = 2.01: As a reminder, the coefficient of variation (CV) represents
the ratio of the standard deviation to the mean. For the growth rate of PT revenue, this value
indicates the extent of \variability relative to the average growth rate.

e rT 02200
CVCJ’T - — — 2-014
oo rT O 1092

Quiz



A.  What conclusion can you draw by comparing the trends of business tax and property tax (PT)

growth rates over the analyzed period in this municipality ?

1. The growth rate of business tax shows greater volatility compared to that of the property
tax.

2. The growth rate of the property tax exhibits higher volatility than that of business taxes.

3. Both taxes display equal levels of volatility.

Correct Answer: 2 (Between 2006/07- and 2022/23, the coefficient of variation for property

tax growth is over twice as high as that of business tax growth. Therefore, the growth rate of

the property is more unstable than that of business taxes. This observation has significant

implications for revenue forecasting. Taxes with higher volatility, like the property tax in this

municipality, pose greater challenges for accurate forecasting. Consequently, forecasters

should recognize that predictions of such revenues generally come with increased

uncertainty.)

9. Detecting Structural Breaks

1.

When dealing with time-series data, researchers must be mindful of potential structural
breaks, which occur when a series undergoes sudden changes, often due to external factors
like commodity price shifts, conflicts, policy alterations, or regime changes. It's essential to
consider these shifts when making forecasts.

In traditional econometric and forecasting analyses, it's assumed that parameters such as the
mean and standard deviation remain relatively constant over time. However, structural
breaks can disrupt these assumptions, leading to inaccurate characterization of the series'
properties and resulting in biased and inconsistent estimates, thus affecting forecast
accuracy. We'll explore this concept further in an upcoming video. Various tests, including the
Chow test, CUSUM test, and sup-Wald test, are available to identify structural breaks and can
be easily conducted using standard statistical software like EViews and Stata.

When analyzing macroeconomic data, it's crucial to identify potential structural breaks as
they can significantly influence forecast accuracy. Traditional econometric methods assume
that the underlying features of an economy remain stable, but if a shock causes permanent
changes, statistical models may produce unreliable forecasts with substantial errors.
Detecting structural breaks requires a combination of visual analysis and an understanding of
the historical macroeconomic context. Researchers should scrutinize graphs for abrupt
changes in series behavior and consider past events such as wars, financial crises, natural
disasters, or fluctuations in export prices. Changes in tax policies or administration should
also be taken into account.

For example, let's examine the case of analyzing personal income tax revenue .A noticeable
increase in revenue between 2012 and 2013 indicates a structural break, which is found to be
linked to a significant tax reform implemented in 2013, combining social insurance and
personal income taxes. Ignoring such shifts in structure can lead to overly optimistic revenue
forecasts.

To address structural instability, analysts may exclude data associated with breaks and
extrapolate trends from the remaining sample. Alternatively, they may incorporate dummy
variables in linear regression models to adjust for exceptional events or policy changes. This
approach maintains data integrity while capturing the effects of interventions.
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In summary, forecasters should remain vigilant for potential structural changes. Utilizing data

visualization along with a thorough understanding of the macroeconomic context can aid in

detecting and responding appropriately to these breaks.

10. Practical Exercise in Structural Break

1.

Data Set
Year VAT Revenue (in million USS) X ,G,DP VAT Revenue
(in million USS) (% of GDP)
1990 5,852 453,608 1.29
1991 6,325 482,845 131
1992 6,634 495,056 134
1993 7,033 495,291 1.42
1994 7,122 501,538 1.42
1995 7,381 512,542 1.44
1996 7,782 525,807 1.48
1997 10,309 534,143 1.93
1998 12,986 527,877 2.46
1999 13,303 519,652 2.56
2000 12,746 526,706 2.42
2001 12,657 523,005 2.42
2002 12,642 515,986 2.45
2003 12,524 515,401 2.43
2004 13,024 520,966 2.50
2005 13,680 524,133 2.61
2006 13,593 526,880 2.58




2007 13,292 531,688 2.50
2008 12,914 520,716 2.48
2009 12,678 489,501 2.59
2010 13,159 500,354 2.63
2011 13,268 491,408 2.70
2012 13,413 494,957 2.71
2013 14,139 503,176 2.81
2014 19,322 513,876 3.76
2015 22,503 531,986 4.23
2016 21,592 538,446 4.01

Question 1: From the provided time-series plot of country X’s VAT revenue, what
observations can be made regarding the evolution of tax revenue? (Select all that apply)

a) The evolution of VAT revenue is erratic with large increases followed by large decreases.

b) VAT revenue follows a constant linear trend over the entire timeframe.

c) VAT revenue follows a smooth pattern, except for two periods where the series abruptly
shifts up.

d) There may be two structural breaks in the VAT revenue series in 1997 and in 2014.

Answer- C+D: The time-series plot of country's X VAT revenue indicates that, overall, the
series follows a consistent upward trend. However, there are two significant exceptions
where VAT revenue experiences permanent increases: during the periods 1997-98 and 2014-
15. These instances suggest the presence of two structural breaks in the data.
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3. Question 3:

1) Dataset
Year | VAT Revenue (in million) . GDP VAT Revenue
(in million) (% of GDP)

1990 5,852 453,608 1.29
1991 6,325 482,845 1.31
1992 6,634 495,056 1.34
1993 7,033 495,291 1.42
1994 7,122 501,538 1.42
1995 7,381 512,542 1.44
1996 7,782 525,807 1.48
1997 10,309 534,143 1.93
1998 12,986 527,877 2.46
1999 13,303 519,652 2.56
2000 12,746 526,706 2.42
2001 12,657 523,005 2.42
2002 12,642 515,986 2.45
2003 12,524 515,401 243
2004 13,024 520,966 2.50
2005 13,680 524,133 2.61
2006 13,593 526,880 2.58
2007 13,292 531,688 2.50
2008 12,914 520,716 2.48
2009 12,678 489,501 2.59
2010 13,159 500,354 2.63
2011 13,268 491,408 2.70
2012 13,413 494,957 2.71
2013 14,139 503,176 2.81




2014 19,322 513,876 3.76

2015 22,503 531,986 4.23

2016 21,592 538,446 4.01

VAT Revenue as a percent of GDP in 1990 =. =B2/C2*100 = (5852/453,608)x100 = 1.29

2) Compute and plot the ratio of VAT revenue to GDP. What can we conclude about

VAT revenue in country X by examining this chart? (Select all that apply).

A. As is the case with nominal VAT revenue, there appear to be two structural
breaks in 1997 and 2014.

B. The structural breaks may result from episodes of rapid economic growth.

C. Both structural breaks are likely to stem from exogenous shocks to the VAT (for
example, policy changes) rather than endogenous changes in country X’s
economy.

D. The structural breaks may stem from high inflation episodes.

Answer: A+D: When we compare tax revenue to the overall economy size, it helps us
see how taxes are doing compared to how the economy is growing. The chart shows
that both the total tax revenue and the tax revenue as a percentage of the economy
follow similar patterns. Specifically, they both show big changes happening in 1997
and 2014. These changes are probably because of new policies rather than changes
within the economy itself. For example, in 1997, the government raised the VAT rate
by 2 percentage points, and then again in 2013. This confirms that the changes we
see in the data are likely because of policy decisions rather than natural changes in
the economy.

VAT as a percent of GDP in a country X
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11. Overview of Revenue Forecasting Techniques

1. In forecasting, there are two main types of techniques: unconditional and conditional
models.
1) Unconditional models (trend analysis, extrapolation): Unconditional models, like
trend analysis and extrapolation, use past tax revenue data to predict future revenue.
These models are quick and easy to use because they don't need to consider
relationships with other economic factors.

Yy
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2) Conditional models (effective tax rate model, linear regression): Conditional models,
such as the effective tax rate model and linear regression, are more complex. They

look at the relationship between tax revenue and other economic factors to make
predictions. These models depend on factors beyond just tax revenue.
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We'll start with unconditional models because they focus on finding trends in the data. This
helps us predict future revenue. These models don't need to look at other economic factors.
As forecasters, we need to figure out what kind of trend the data shows. Most forecasting
tools work best when the trend is mostly straight. But sometimes, we might need to change
the data to make it fit. For example, if the data grows really fast, we might need to use a trick

to make it look straight before we can analyze it. Also, we need to watch out for any big

changes in trends over time. Here's a simple table showing the main differences between

unconditional and conditional models. By understanding these differences, we can choose

the right model for our forecasting needs.

Aspect Unconditional Models Conditional Models

Data Usage Only looks at past tax revenue data Looks at past tax revenue and other
economic factors

Complexity Simple and easy More complex and involved

Dependence on
Factors

Doesn't need other economic factors

Depends on relationships with other
factors

Forecasting
Approach

Focuses on finding trends in the data

Considers relationships between tax
revenue and other factors

Transformation

Might need to change data to fit
certain patterns

Doesn't always need to change the
data

Adaptability

May not adapt well to changes in the
economy

Can adapt to changes in the
economy




Unconditional Models Conditional Models

Use data on past revenues Estimate the relationship

to predict future revenues. between tax revenue and
other related series and use
the estimated parameters to
forecast tax revenue.

Example: multiplicative Example: linear regression
trends, moving averages. models.

12. Unconditional Models: Definitions and General Characteristics
Unconditional trend models aim to predict future trends by analyzing past data patterns. By
identifying trends and patterns from past observations, we can make forecasts for the future.

This involves smoothing out the data to reduce the impact of random fluctuations. These trend

analysis methods work best when tax revenues and tax laws are relatively stable. For instance,

some local governments use this method to predict revenues like license fees or steadily growing

taxes such as property taxes. In this type of trend analysis, the forecast for tax revenue in the

next period depends on past revenue observations. Mathematically, the forecast can be
represented as:

Tt+1=f(Tt-s,Tt-s+1,..., Tt) Tt+1=f(Tt-s, Tt—-s+1,...,Tt)

1. Additive Trend Model

1)

2)

3)

Additive trend models predict future revenue by adding the change in revenue from the
previous period to last year's revenue. This change is calculated as the difference
between the revenue in the current period and the revenue in the previous period.
Alternatively, it can be computed as the average change over a specific number of years.
Using a moving average helps smooth out the data by averaging revenue changes over a
set window of time. This window "moves" along with the forecasts. For example, when
forecasting for the next period, the average is computed using data from the previous
period to the specified number of years back. This method of averaging weights each
observation equally. However, forecasters can also use weighted averages, giving more
importance to recent observations. This approach assumes that recent revenue data is
more predictive of future revenue. Typically, this weighting method is used for short-
term projections because recent data is considered more reliable for short-term
forecasting.

Additive trend models are easy to use and don't require much data. However, they
assume that revenue changes from one period to the next remain consistent over time,




which might not always be the case. Multiplicative trend models, which focus on growth
rates, are more commonly used because they provide more reliable and informative
forecasts.

2. Practical Exercise on Additive Trend Model
1) Data Set

Fiscal Year

2006/07

2007/08

2008/09

2009/10

2010/11

2011/12

2012/13

2013/14

2014/15

2015/16

2016/17

2017/18

2018/19

2019/20

2020/21

2022/23

2023/24

Forecasted Revenue for FY 2024/25

= Step One: the difference between the revenue figures of the last two fiscal years = 29.817-27.1
= Step Two: Add the difference with most recent fiscal year data data = 29.817+2.642 = 32.459
= Formula Tf2024/25=T2023/24+ (T2023/24-Tzozz/23) =29.817 +( 29.817-27.175 = 32.459

To forecast revenue for the fiscal year 2024/25, we follow a two-step process. Firstly, we compute the
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The chart above indicates a notable trend in business tax revenue, showing an upward trend until FY 2(
trends before applying forecasting methods. In this case, utilizing additive or multiplicative trend mode

The additive trend model assumes a consistent increase in tax revenue from one year to the next. Speci
difference between 2022/23 and 2023/24 to the current revenue level.

3. Multiplicative Trend Models

1) Multiplicative trend models assume that the rate of growth in tax revenue stays
consistent over time. This means that past growth rates in tax revenue are seen as
reliable indicators of future growth, helping to predict future tax revenue levels. To
forecast future tax revenue growth, we can use the average of past growth rates over
a certain period. A moving average calculates averages over specific periods,
smoothing out the data. While this formula uses unweighted averages of past growth
rates, we can also apply weights to give more importance to growth rates from
certain periods, like the more recent past.

2) Multiplicative trend models are easy to use and allow for different forecasts under
different assumptions, even with limited data. For example, forecasts will vary if we
use different lengths of time for averaging growth rates or adjust the weights applied
to past growth rates.

3) However, these models have a couple of weaknesses. Firstly, extreme values in the
data, especially with small sample sizes, can heavily influence the average growth
rate and affect forecast accuracy. Secondly, it's hard to account for external factors
like shifts in tax policy or changes in commodity prices that may affect tax revenue.
Conditional models, which we'll discuss next, may be better for considering these
external factors.

4. Practical Exercise on Multiplicative Trend Forecasting Model
1. Data Set



Fiscal Year Business Tax (in NRS Lakh) Multiplicative Ti
2006/07 10.83
2007/08 11.68
2008/09 12.39
2009/10 14.685
2010/11 18.14
2011/12 18.576
2012/13 17.065
2013/14 22.547
2014/15 22.274
2015/16 25.571
2016/17 15.903
2017/18 17.936
2018/19 20.23
2019/20 21.749
2020/21 23.038
2022/23 27.175
2023/24 29.817

The Multiplicative Trend for FY 2023/24 is calculated as the ratio of the revenue of the most recent fiscal y«

29.817
27.175

= 1.097.

2. Practical Exercise 1: Assuming that the revenue growth remains constant from one year

to the next. Specifically, we'll assume that the growth rate observed from 2022/23 to
2023/24 . will be identical to that from FY 2023/24 to 2024/25 . Utilizing this assumption,
what is the forecasted business tax revenue s for fiscal year 2024/25 ? Provide your

answer rounded to 3 decimal places,

1. Correct Answer: 32.716 lakh
2. Multiplicative Trend: The ratio of data from the most recent fiscal year to the data

revenue for FY 2024/25 is computed using the formula:

from the previous fiscal year. For FY 2023/24, the multiplicative trend is calculated as
29.817/27.175 = 1.097.
3. Explanation: Utilizing the multiplicative trend model, the estimated business tax




BT revenue 2024 /25 = BT revenue 2023 /24 x (BT revenue 2023/24)

BT revenue 2022/23
_ 290.817y _
=29.817 x (5355%) = 32.716

4. Business Tax Revenue for FY 2024/25: The Business Tax Revenue for the recent fiscal
year multiplied by the multiplicative trend, which equals
29.817x1.097=32.71629.817x1.097=32.716.

5. Based on our assumptions, the projected business tax revenues for FY 2024/25
amount to NRs 32,17,600.

3. Practical Exercise 2: We can utilize the multiplicative trend model by considering the
average growth rate of business tax revenues between FY 2017/18 and 2023/24. This
approach assumes that the growth rate observed between 2023/24 and 2024/25 will
mirror the average growth rate observed between 2017/18 and 2023/24. Employing this
assumption, estimate the business tax revenues for the year 2024/25. Provide your
answer rounded to 3 decimal places.

1) The correct answer is 33.131 lakh.
2) The average of the Multiplicative Trend (MT) for the period from FY 2023/24 to
2017/18 is calculated as:

1.097+1.180+1.059+1.075+1.128+1.12
Average of MT = (1.097+1.180+ 059%— 075+1.12841.128) ~ 1111

3) The forecasted revenue for FY 2024/25 is obtained by multiplying the revenue of FY
2023/24 by the average MT:
Forecasted revenue for FY 2024/25=29.817x1.111=33.131

4) Explanation: Between FY 2017/18 and 2023/24, the average annual growth rate of BT
revenue was 11.1 percent. By extrapolating this trend, we anticipate BT revenues to
reach 33,33,100 rupees in FY 2024/25.

6. Practical Exercise 3:

1) Data Set

FY Property Tax (in thousands)

2007/08 4,233
2008/09 4,195
2009/10 3,766
2010/11 3,922
2011/12 4,192
2012/13 4,827
2013/14 4,380
2014/15 4,308




2015/16 4,736
2016/17 4,821
2017/18 4,861
2018/19 5,168
2019/20 5,408
2020/21 5,787
2022/23 6,270
2023/24 6,639

2) Activity: Using a multiplicative trend model, predict the property tax revenue for a

municipality for the next five years. Utilize a specification based on three-year

averages of past observations (2020/21 — 2023/24). Assuming no significant policy

changes regarding property taxes, what is the revenue forecast for the fiscal year

2028/29? Provide your answer rounded to O decimal places.

FY Property Tax (in MT Trend 2020/21- Average of MT Trend
thousands) 2023/24 from 2020/21-2023/24

2020/21 5,787 1.070

2022/23 6,270 1.083

2023/24 6,639 1.059 1.071

2024/25 7109

2025/26 7612

2026/27 8151

2027/28 8729

2028/29 9347

The annual average growth rate of trade tax revenue between 2020/21 and 2023/24
stands at 7.08 percent. If we assume this growth rate will persist consistently from
2024/25 to 2028/29, the projected trade tax revenue for the fiscal year 2028/29
amounts to 9,347,000 .

Revenue forecast for 2024/25 = 6639x1.071= 7109

Revenue forecast for 2025/26 = 7109x1.071= 7612

Average MT for FY 2020/21 — 2023/24=(1.070+1.083+1.059)/3 = 1.071




Revenue forecast for 2026/27 = 7612x1.071= 8151

Revenue forecast for 2027/28 = 8151x1.071= 8729

Revenue forecast for 2028/29 = 8729x1.071= 9347

Growth rate = (1.079-1) x100 =7.0
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3)

Activity: Using a multiplicative trend model, predict the property tax revenue for

municipality for the next five years based on five-year averages of past observations.

Assuming no significant policy changes regarding property taxes, what is the revenue

forecast for the fiscal year 2028/29? Provide your answer rounded to O decimal

places.

FY Property Tax (in 000) MT Average
2017/18 4,861

2018/19 5,168 1.063

2019/20 5,408 1.046

2020/21 5,787 1.070

2022/23 6,270 1.083

2023/24 6,639 1.059 1.0644
2024/25 7,067

2025/26 7522

2026/27 8006

2027/28 8522




2028/29 9071

Between 2017/18 and 2023/24, the property tax revenue grew by an average of 6.44
percent each year. If this growth rate continues steadily from 2024/25 to 2028/29,
the projected revenue for 2028/29 will be 9,071 (in thousands).

Growth Rate for FY 2023/24 = (1.0644-1)*100 = 6.44

MT for 2023/24 = 6639/6270

Average MT = (1.063+1.046+1.070+1.083+1.059)/5 = 1.0644
Revenue Forecast for FY 2024/25 = 6639*1.064= 7067
Revenue Forecast for FY 2025/26 = 7067*1.064= 7522
Revenue Forecast for FY 2026/27 = 7522*1.064= 8006
Revenue Forecast for FY 2027/28 = 8006*1.064= 8522
Revenue Forecast for FY 2028/29 = 8522*1.064= 9071
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oo Eﬁﬁ frfwor &t (Unconditional Trend Analysis Methods)
TFIAHT TEIT GAAT ATIMRT F&90T (Excel based forecasting method):
FRTae! TSl 9y FiqeTashl A 9fg SThT ATIR (Moving Average Growth Rate Method)
T At AT afg 3 A (Last Year Growth Rate Method ):

UcHP E[% faferame Elg_al"ﬁa FEIUT (Multi Year Forecasting Using Multiplicative Trend):

Compound Annual Growth Rate Method: ar fafemr TemeT q= YART T Microsoft Excel
I FAr AT @ (Conditional Methods )
Regression Methods

Vector Auto Regression
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Example : Forecasting
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Home Insert Draw Pagelayout Formulas Da

AR .92 168.2¥+9%.R0 13
& Kalimati oz VA A
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| Eio A

i § B oA e R0.33 9.93 R0.33:96.0Y 13

R9.6% 1.0¢ R9.6%+30.83 0.0%

Open recovered workbooks? Your recent changes were saved.

* = o .
ci12 = fx =FORECAST(A12,B1:811,A1:A11) 23.0¥ q9.0€ 33.0¥:39.6% 0.0%
A B C D E F
1 o8 o R6.9% 9.9% 21.95:33.0Y 9
5 3060 300
a 301 333 0L/’ RR.5R 1.90 R%.5R:R06.95 q0
e il
i
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R 20l ¥q0
10 Fows 434
308 Y3io Step 9: Calculate Miltiplicative Trend: Current Revenue/Past. Revenue

= R: Calculate moving average LY- R0L5/ /]
1z i 44445 : Forecast for R08%/50 = 3%.53x 9.99
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