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Training of Trainers (TOT) Module on Revenue Forecasting Techniques of Time Series Data

1. Module Summary

2.

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.

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 Also, the data used for forecasting isn't always perfect and can be outdated.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.

2) 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
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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)

2)

3)

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
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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:

= 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.

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 X1+ X +---X
Mean=,u=;EXt=1 Zn L
=]

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

n
1 X1 — )%+ Xy — )2+ + (X —u)?
Standard deviation = o = ;Z(Xt—uﬂ:\/( 1= WX, Ig Kn =)
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
CcV = = =
Mean u
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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. Onthe File tab, click Options.
2. 2. Under Add-ins, select Analysis ToolPak and click on the Go button.

Excel Options ? X
General o— . . . .
3'{0} View and manage Microsoft Office Add-ins.
Formulas
Data Add-ins
Proofing IName ~ | Location | Type ;
— Active Application Add-ins
No Active Application Add-ins
Language

Inactive Application Add-ins

E f A
FEES TR, Analysis ToolPak Excel Add-in

Advanced Analysis ToolPak - VBA C\...XLAM  Excel Add-in
Date (XML) C\..FLDLL  Action
Customize Ribbon Euro Currency Tools C\...XLAM  Excel Add-in
Quick Access Toolbar Inquire C\...imdll COM Add-in
Microsoft Actions Pane 3 XML Expansion Pack -
Add-ins ‘ Microsoft Power Map for Excel C\..LLDLL COM Add-in
Microsoft Power Pivot for Excel C\..dindll  COM Add-in
Trust Center Microsoft Power View for Excel C\..entdll COM Add-in
Solver Add-in C\...XLAM  Excel Add-in -
Add-in: Analysis ToolPak
Publisher: Microsoft Corporation
Compatibility: No compatibility information available
Location: C:\Program Files\Microsoft Office\root\Office16\Library\
Analysis\ANALYS32.XLL
Description:  Provides data analysis tools for statistical and engineering
analysis

Manage: :Excel Add-ins ': Go... %

OK I Cancel

3. Check Analysis ToolPak and click on OK.
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Add-ins

Add-ins available:

? X

(/] Analysis ToolPak

[] Analysis ToolPak - VBA
[ ]Euro Currency Tools
[[] Solver Add-in

Analysis ToolPak

engineering analysis

Cancel

Browse...

| Automation... |

Provides data analysis tools for statistical and

——

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

5 BA | #H =8 BH

What-If Forecast | Group Ungroup Subtotal

Analysis~ Sheet v

Forecast

v

OQOutline

= ' — Data Analysis

ihl

e Analysis

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

create a Histogram in Excel.
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Data Analysis ? X
Analysis Tools
OK
Correlation ALl
Covariance Cancel
Descriptive Statistics ‘
Exponential Smoothin
ponen n9 Help

F-Test Two-Sample for Variances

Fourier Analisis

Moving Average
Random Number Generation
Rank and Percentile v

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.
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A B
1 |Scores
2 82
3 93
4 | 91
S5 | 69
6 96
7 61
8 88
9 | 58
10 | 59
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 32 FB "E @ 5 — Data Analysis
? BT 5 N
What-If Forecast | Group Ungroup Subtotal
Analysis ~ Sheet v v
Forecast Outline [ 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.
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I11.
Iv.

Data Analysis

Analysis Tools

Anova: Single Factor

Anova: Two-Factor With Replication

Anova: Two-Factor Without Replication

Correlation

Covariance

Descriptive Statisties
Exponential Smoothing

F-Test Two-Sample for Variances

Fourier Analysis

Histogram

? X

Cancel

Help

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

13
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VL

SS

Descriptive Statistics

Input
Input Range:

Grouped By:

[] Labels in first row

Qutput options

(® Qutput Range:

O New Worksheet Ply:
(O New Workbook

[MiSummary statistics

[] kth Largest:
[] kth Smallest:

SAS2:SAS1S

(® Columns
O Rows

SCs1

[] Confidence Level for Mean: 95

1

1

=3 OK

Cancel

Help

%

Click OK.

Result:
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4 A |
1 |Scores
2 82
3 93
4 | 91
S5 | 69
6 96
7 61
8 88
9 | 58
10 | 59
11| 100
12 | 23
13 | 71
14 | 78
15| 98
16 |

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

A3

H W N =

C A
Columnl

Mean

Standard Error

Median
Mode

Standard Deviation

Sample

Variance

Kurtosis
Skewness

Range

Minimum
Maximum

Sum
Count

81.21428571
4.045318243
85

93
15.13619489
229.1043956
-1.426053506
-0.402108004
42

58

100

1137

14

Je

=AVERAGE(A1:01)

2. Median: To find the median (or middle number), use the MEDIAN function.
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A3 v f« || =MEDIAN(A1:01)

H W N =
(=)

A B C D E F | G H | J K L M N oO| P
1] o o 3 a4 s s e _6 7 7 8 8 8 8 9
3. Mode: To find the most frequently occurring number, use the MODE function.

A3 v f || =MODE(A1:01)

H W N =
co

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 v f« || =STDEV(A1:01)
A/ B C|D E|F G|H I |J K|L M|N O|fP

1| o 7 8 6 5 9 8 7 4 8 0 3 5 6 8

2

3| 2.82

4

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

A3 v fc | =MIN(A1:01)
A B|C | D E F G H I |J| K| L M N O

1/ o 7 8 6 5 9 8 7 4 8 0 3 5 6 8

21

3‘0_|

4

6. Max: To find the maximum value, use the MAX function.
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A3 v
A B

1| 0o 7

2 1

3 [ ol

4

8. Practical Exercise

Ja =MAX(A1:01)

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 Revenue 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:
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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.

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.

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
CVConsumption Tax — = = 1.007

ﬂConsumptionTax 0.0751

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.

OcIT 0.2200
CVCIT _— T = — 2-014
HcciT 0.1092

1=
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Quiz

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

L.

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
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7.

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.

0 2 . . . . . . . - . .
2007 2009 2011 2013 2015 2017 2019
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) . _G_DP VAT Revenue
(in million USS) (% 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 2.43

qro




gug 9 IHITH, S5 W, Td, 059 I FE&T

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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Question 3:
1) Data set
: - GDP VAT Revenue
Year | VAT Revenue (in million) L
(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 2.43
2004 13,024 520,966 2.50
2005 13,680 524,133 2.61
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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. Inforecasting, there are two main types of techniques: unconditional and conditional models.

1)

2)

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.

b4
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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

REL
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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
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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 Business Tax (in NRs( Lakh)
2006/07 10.830
2007/08 11.680
2008/09 12.390
2009/10 14.685
2010/11 18.140
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 20.230
2019/20 21.749
2020/21 23.038
2022/23 27.175
2023/24 29.817
Forecasted Revenue for FY 2024/25 32.459
Revenue forecast for FY 2024/25
= Step One: the difference between the revenue figures of the last two fiscal years =
29.817-27.17 = 2.642
= Step Two: Add the difference with most recent fiscal year data data = 29.817+2.642 =
32.459

*  Formula T'a24/25=T2023/24 + (12023/24-T2022/23) = 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 difference between the revenue figures of the last two fiscal years, which
amounts to 2.642. Secondly, we add this difference to the revenue figure of the most recent
fiscal year, resulting in a forecasted revenue of 32.459.

RV
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Business Tax (in NRS Lakh
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The chart above indicates a notable trend in business tax revenue, showing an upward trend
until FY 2015/16 followed by a sharp decline attributed to a tax reform that significantly
reduced the tax burden on municipal taxpayers. Subsequently, the BIT revenue resumed its
upward trend. This example highlights the importance of reviewing data trends before
applying forecasting methods. In this case, utilizing additive or multiplicative trend models
for the entire dataset would be imprudent. Instead, it is advisable to consider data from
2016/17 to 2023/24 or exclude observations from 2015/ and 2010 to better capture the trend.

The additive trend model assumes a consistent increase in tax revenue from one year to the
next. Specifically, it projects the same increase in tax revenue from 2022/23 to 2023/24
forward to predict revenue for 2024/25. Following this trend, business tax revenue is
expected to reach NRs 32,459,000 FY 2024/25 , as calculated by adding the 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

RS
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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 Trend
2006/07 10.83
2007/08 11.68 1.078
2008/09 12.39 1.061
2009/10 14.685 1.185
2010/11 18.14 1.235
2011/12 18.576 1.024
2012/13 17.065 0.919
2013/14 22.547 1.321
2014/15 22.274 0.988
2015/16 25.571 1.148
2016/17 15.903 0.622
2017/18 17.936 1.128
2018/19 20.23 1.128
2019/20 21.749 1.075
2020/21 23.038 1.059
2022/23 27.175 1.180
2023/24 29.817 1.097
The Multiplicative Trend for FY 2023/24 is calculated as the ratio of the revenue of the most
recent fiscal year to the revenue of the previous fiscal year, which results in

29817 — 1.007.

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,

REQN
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1. Correct Answer: 32.716 lakh

2. Multiplicative Trend: The ratio of data from the most recent fiscal year to the data 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 revenue
for FY 2024/25 is computed using the formula:

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

BT revenue 2022/23
— 29.817\ _
=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+1.128
AverageofMT:( et g FLIBALIB) _ g 193

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

930
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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 0 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 .

Average MT for FY 2020/21 — 2023/24= (1.070+1.083+1.059)/3 = 1.071
Revenue forecast for 2024/25 = 6639x1.071= 7109
Revenue forecast for 2025/26 = 7109x1.071= 7612
Revenue forecast for 2026/27 = 7612x1.071= 8151
Revenue forecast for 2027/28 = 8151x1.071= 8729

1
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Revenue forecast for 2028/29 = 8729x1.071= 9347
Growth rate = (1.079-1) x100=7.0

Property Tax ( in thousands)
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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

projected revenue for 2028/29 will be 9,071 (in thousands).
Growth Rate for FY 2023/24 = (1.0644-1)*100 = 6.44

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

MT for 2023/24 = 6639/6270
Average MT = (1.063+1.046+1.070+1.083+1.059)/5 = 1.0644

R’
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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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