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In the realm of quantitative analysis, accurately assessing the performance of predictive models
is a fundamental requirement for effective strategic planning. A crucial component of this
assessment is measuring forecasting accuracy. Historically, one of the most widely adopted

metrics for this purpose has been MAPE, which stands for Mean Absolute Percentage Error.
This metric offers an intuitive, percentage-based view of the average magnitude of error across a
set of forecasts. Its initial appeal lies in its simplicity: a single percentage that is easily
communicated to both technical teams and executive stakeholders, simplifying complex error
analysis.

The application of MAPE spans diverse commercial operations, including demand planning,

financial modeling, and inventory management. While standard MAPE serves as an excellent
starting point, its inherent structural flaws, particularly when dealing with low-volume data,
necessitate the use of a more sophisticated alternative. To appreciate the value of its successor--
Weighted MAPE (WMAPE)--we must first establish a firm understanding of the calculation
mechanics and limitations of the standard MAPE metric.

Understanding Mean Absolute Percentage Error (MAPE)

The standard MAPE calculation is designed to normalize the absolute error by dividing it by the
corresponding actual observed value. This normalization process converts the raw numerical error
into a percentage, making it possible to compare forecasting performance across products or time
series that operate on vastly different scales. For example, a calculated MAPE of 8% signifies that,
on average, the forecast deviates from the actual outcome by 8%. This metric is derived by
calculating the absolute percent error for each period and then calculating the arithmetic mean of
those individual percentages over the defined sample size.

Mathematically, the formal expression for calculating MAPE involves three core actions: finding the
difference between actual and forecast, scaling this difference relative to the actual value, and
finally, averaging these scaled errors across the entire dataset. The structure of this calculation is
defined as follows:

MAPE = (1/n) * Z(|actual - forecast| / |actual|) * 100

To fully comprehend the formula, it is essential to understand the representation of each variable
component:

> - This is the standard mathematical symbol for summation, directing the calculation to sum the
resulting values for every data point within the set.

n - This variable represents the total count of data points included in the analysis, which is formally
defined as the sample size.

actual - This corresponds to the true, observed value that occurred during the measured period.
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forecast - This is the predicted data value generated by the statistical or machine learning model.

Despite its compelling simplicity and ease of interpretation, MAPE suffers from a critical
dependence on the actual value appearing in the denominator. This dependence introduces
significant statistical biases, particularly in environments characterized by volatile, low-volume
sales or products subject to intermittent demand. These inherent weaknesses necessitate the
adoption of a more robust alternative capable of handling these challenging data characteristics
without skewing the overall measure of performance.

The Fundamental Flaw of MAPE in Low-Volume Scenarios

While MAPE is widely useful, the metric generates highly unstable and often misleading results
when actual observed values are small, near zero, or exactly zero. This instability arises directly
from the mathematical structure where the absolute error is divided by the actual value. In
situations where the actual demand is minimal, even a minor numerical discrepancy between the
actual and the forecast can produce a disproportionately enormous percentage error.

Consider a common scenario in supply chain planning: the demand for a specialized, rarely
needed spare part. If the actual demand is 2 units, and the model forecasts 1 unit, the numerical
error is merely one unit. However, when calculating the absolute percent error for this period, the

result is computed as |2-1| / |2]|, yielding a staggering 50%. If this single 50% error is averaged
alongside low errors from high-volume products, the overall MAPE will be inflated. This unduly
penalizes the forecasting model for a numerical deviation that has minimal business impact.

A further, insurmountable challenge occurs when the actual value is zero. In this case, the
calculation requires division by zero, rendering the result mathematically undefined. Although
analysts frequently implement ad-hoc workarounds--such as excluding these periods or
substituting the zero with a small, arbitrary number (epsilon)--these manual interventions inject bias
and compromise the statistical integrity of the final metric. Consequently, relying solely on MAPE in
environments with high volatility, intermittent demand, or numerous low-volume data points can
lead to fundamentally incorrect conclusions about true model performance and efficacy.

Introducing Weighted Mean Absolute Percentage Error (WMAPE)

To successfully circumvent the inherent biases of standard MAPE--specifically its acute sensitivity
to small actual values--analysts frequently pivot to Weighted Mean Absolute Percentage Error
(WMAPE). The core innovation of WMAPE is the introduction of a robust weighting mechanism
that scales the contribution of the error based on the magnitude or volume of the actual demand.
This methodology ensures that errors associated with significant, high-volume items exert a
greater influence on the overall metric, effectively neutralizing the disproportionate impact of high-
percentage errors generated by statistically insignificant, low-volume observations.
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By aggregating the total absolute deviation across all measured periods and normalizing this sum
by the total actual demand observed, WMAPE calculates an average percentage error that is
inherently weighted by volume. This approach provides a measure of forecasting accuracy that is
far more relevant and robust for businesses managing diverse product portfolios where volumes
fluctuate drastically. The resulting percentage accurately reflects the overall forecasting health
relative to the total demand, preventing the metric from being skewed by isolated, high-percentage
errors on commercially negligible volumes.

The mathematical formulation for Weighted MAPE distinguishes itself significantly from the
standard version. Rather than averaging a series of individual absolute percentage errors, WMAPE
sums the absolute deviations (the numerator) and divides this entire sum by the sum of all actual
values (the denominator). The calculation is clearly expressed as:

Weighted MAPE = (¥(]actual - forecast|) / Z(actual)) * 100

This volume-weighted definition, though sometimes algebraically distinct from other weighted error
metrics, is the standard implementation used in operational forecasting environments, particularly
within Excel. It provides the clearest indication of the true aggregate error magnitude relative to the
total demand, which is the focus of this practical tutorial.

Step-by-Step Calculation of WMAPE in Microsoft Excel

The determination of Weighted MAPE in Excel requires a structured sequence of intermediate
steps designed to manage the required summations for both the total error (numerator) and the
total volume (denominator). We will proceed through this necessary four-step process using a
standard sample dataset comprising actual sales figures and their corresponding forecasts.

Step 1: Enter the Actual Values and Forecasted Values

The initial step involves organizing the raw data efficiently within the Excel worksheet. Create two
distinct, labeled columns: one for "Actual” values (representing observed outcomes, typically in
Column A) and one for "Forecast" values (representing the model's predictions, typically in Column
B). Strict alignment of data rows is imperative to ensure that each actual value is compared against
its corresponding forecast for accurate error measurement.

PSYCHOLOGICAL STATISTICS statistics.arabpsychology.com



https://en.wikipedia.org/wiki/Weighting_(statistics)
https://statistics.arabpsychology.com/?p=13612
https://statistics.arabpsychology.com
https://statistics.arabpsychology.com

Calculating Weighted Mean Absolute Percentage Error (MAPE) in Excel: A Step-by-Step Guide

A B C D E

1 Month Actual Forecasted
2 January 34 37
3 February 37 40
4 March 44 46
5 April 47 a4
6 May 48 46
7 June 48 50
8 July 46 45
9 August 43 44
10 September 32 34
11 October 27 30
12 November 26 22
13 |December 24 23
14

15

16

17

This foundational setup is crucial as it directly feeds into the calculation of both the numerator and
the denominator required by the Weighted MAPE formula.

Step 2: Calculate the Absolute Deviation for Each Row

The numerator of the Weighted MAPE formula requires the absolute difference between the
actual and forecasted values for every single data point. This difference, commonly referred to as
the absolute deviation or absolute error, forms the foundational measurement of the model's
inaccuracy.

In a new column, generally Column C, compute the absolute deviation utilizing Excel's powerful
ABS function. For the first data row, the necessary formula to enter into cell C2 is: =ABS( A2- B2) .
The application of the ABS function guarantees that all calculated errors are positive, regardless of
whether the forecast was an overestimation or an underestimation of the actual value.

Subsequently, apply this formula across the entire dataset to determine the absolute deviation for
every corresponding pair of values. This new column now successfully represents the individual
component |actual - forecast| for each period.
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A B C D E
1 Month Actual Forecasted Weighted Error Formula
2 |January | 34 | 37 | 300 I=ABS(B2-C2)/B2*100*B2
3 February 37 40
4 March a4 46
5 April 47 44
6 May 48 46
7 June 48 50
8 July 46 45
9 August 43 44
10 September 32 34
11 October 27 30
12 November 26 22
13 December 24 23
14
15
16

After verifying the initial calculation, drag the formula down to populate the entire column with the
absolute deviations for all remaining rows, as illustrated below:

A B @ D E
1 Month Actual Forecasted Weighted Error Formula
2 January 34 37 300 =ABS(B2-C2)/B2*100*B2
3 February 37 40 300 =ABS(B3-C3)/B3*100*B3
4 March 44 46 200 =ABS(B4-C4)/B4*100*B4
5 April 47 44 300 =ABS(B5-C5)/B5*100*B5
6 May 48 46 200 =ABS(B6-C6)/B6*100*B6
7 June 48 50 200 =ABS(B7-C7)/B7*100*B7
8 uly 46 45 100 =ABS(B8-C8)/B8*100*B8
9 August 43 44 100 =ABS(B9-C9)/B9*100*B9
10 September 32 34 200 =ABS(B10-C10)/B10*100*B10
11 | October 27 30 300 =ABS(B11-C11)/B11*100*B11
12 November 26 22 400 =ABS(B12-C12)/B12*100*B12
13 December 24 23 100 =ABS(B13-C13)/B13*100*B13
14
15
16
17

Step 3: Find the Sum of the Actual Values and the Sum of Absolute Deviations

The Weighted MAPE formula requires two key aggregate figures: the sum of all absolute
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deviations (representing the total numerical error) and the sum of all actual values (representing
the total volume). These two summations must be calculated using the standard SUM function in
Excel.

First, calculate the sum of the actual values (Column A). Input the formula =SUM A2: A11)
(adjusting the range based on your sample size) into a clearly designated cell, such as A12. This
resultant figure constitutes the denominator of the WMAPE formula, Z(actual).

A B C D E
1 Month Actual Forecasted Weighted Error Formula
2 January 34 37 300 =ABS(B2-C2)/B2*100*B2
3 February 37 40 300 =ABS(B3-C3)/B3*100*B3
4 March 44 46 200 =ABS(B4-C4)/B4*100*B4
5 April 47 44 300 =ABS(B5-C5)/B5*100*B5
6 May 48 46 200 =ABS(B6-C6)/B6*100*B6
7 |June 48 50 200 =ABS(B7-C7)/B7*100*B7
8 |July 46 45 100 =ABS(B8-C8)/B8*100*B8
9 |August 43 44 100 =ABS(B9-C9)/B9*100*B9
10 |September| 32 34 200 =ABS(B10-C10)/B10*100*B10
11 |October 27 30 300 =ABS(B11-C11)/B11*100*B11
12 |November 26 22 400 =ABS(B12-C12)/B12*100*B12
13 |December 24 23 100 =ABS(B13-C13)/B13*100*B13
14 [Sum 456|=SUM(B2:B13)
15
16

Next, calculate the sum of the absolute deviations (Column C). Enter the formula =SUM C2: C11)
into an adjacent cell, such as C12. This result represents the numerator of the WMAPE formula,
>(Jactual - forecast|).

Step 4: Calculate the Weighted MAPE

The final step synthesizes the two aggregated totals to derive the Weighted MAPE percentage.
This is accomplished by dividing the total absolute deviation (the numerator from Step 3) by the
total actual volume (the denominator from Step 3), followed by multiplication by 100 to express the
final metric as a percentage.

Assuming the total absolute deviation resides in cell C12 and the total actual volume is in cell A12,
the conclusive formula to calculate the Weighted MAPE in a new cell (e.g., D12) is:
=(C12/ A12) *100.
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A B C D E
1 Month Actual Forecasted Weighted Error Formula
2 |lanuary 34 37 300 =ABS(B2-C2)/B2*100*B2
3 |February 37 40 300 =ABS(B3-C3)/B3*100*B3
4 |March 44 46 200 =ABS(B4-C4)/B4*100*B4
5 |April 47 44 300 =ABS(B5-C5)/B5*100*B5
6 |May 48 46 200 =ABS(B6-C6)/B6*100*B6
7 |June 48 50 200 =ABS(B7-C7)/B7*100*B7
8 |July 46 45 100 =ABS(B8-C8)/B8*100*B8
9 |August 43 44 100 =ABS(B9-C9)/B9*100*B9
10 |September 32 34 200 =ABS(B10-C10)/B10*100*B10
11 |October 27 30 300 =ABS(B11-C11)/B11*100*B11
12 |November 26 22 400 =ABS(B12-C12)/B12*100*B12
13 |December 24 23 100 =ABS(B13-C13)/B13*100*B13
14 Sum [ 456|
15
16 |Weighted MAPE 5.921053|=SUIV|(D2:D13)/Bl4‘
17 I
18
19
20

Upon successful execution of this calculation, the Weighted MAPE for the example dataset is
precisely determined as 5.92%. This figure provides a volume-adjusted, highly representative
measure of the overall forecasting performance relative to total demand.

Interpreting the Weighted MAPE Result

The resulting calculation of 5.92% WMAPE signifies that the average magnitude of error across all
predictions, when appropriately weighted by the total volume of actual demands, is 5.92%. From a
practical business perspective, this translates to the forecasting model being off by approximately
5.92% relative to the aggregate demand observed over the defined period.

It is essential to benchmark this result against the potential outcome of a standard MAPE
calculation. If the underlying dataset included multiple low-volume periods that generated inflated
percentage errors (e.g., 100% or 200%), the standard MAPE value would inevitably be significantly
higher than 5.92%. Conversely, WMAPE accurately reflects that those high-percentage errors
contributed minimally to the overall business impact because the absolute volumes were small.
This crucial distinction makes WMAPE an exceptionally valuable tool for prioritizing improvement
efforts, ensuring that forecast accuracy measurement aligns with commercial priorities.

For organizations focused intensely on optimizing supply chains, inventory levels, or maximizing
profit margins, WMAPE is typically the preferred metric. By anchoring the measurement to volume,
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it directly correlates forecasting quality with financial consequences. For instance, a 5% numerical
error on a product selling 10,000 units per month is financially far more significant than a 50% error
on a product selling only 10 units. Weighted MAPE ensures that the final metric accurately reflects
this commercial reality, guiding analysts to focus their efforts on mitigating the most financially
impactful forecast inaccuracies.

Conclusion and Practical Applications

The selection of an appropriate error metric is a critical, foundational decision in any forecasting
initiative, directly impacting model selection, resource allocation, and strategic business planning.
While MAPE provides an accessible and intuitive starting point, its pronounced limitations when
faced with low-volume or volatile data render it unreliable for complex, real-world datasets,
potentially leading to flawed assessments of model accuracy and the misallocation of resources.

The strategic adoption of Weighted MAPE directly addresses this fundamental deficiency by
intrinsically incorporating the magnitude of demand into the error calculation. By employing this
volume-weighted approach, organizations gain access to a more stable, robust, and commercially
relevant assessment of their model performance. This enhanced measure of forecasting accuracy

facilitates fairer comparisons between competing forecasting methods and across widely diverse
product lines.

In summation, the implementation of WMAPE in Excel, as clearly demonstrated through the
detailed, structured four-step process, equips analysts with an accessible and powerful
methodology for deriving a commercially relevant error metric. This approach is highly
recommended for all applications involving supply chain planning, inventory optimization, and any
environment where the actual volume of data points varies significantly across the sample.

Additional Forecasting Resources

For professionals seeking to advance their knowledge of forecasting metrics, model evaluation,
and statistical methods, the following resources offer valuable insights into advanced techniques
and alternative error calculations:

Exploration of other relative error metrics, such as the Mean Absolute Scaled Error (MASE).
Detailed guides concerning the principles of time series analysis and decomposition methods.
Best practices for cleaning, normalizing, and preparing data for optimal predictive modeling.
Advanced tutorials focusing on utilizing specialized Excel functions for statistical evaluation.
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