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Executive Summary

In FY2010, the Department of Defense developed its Comprehensive Inventory
Management Improvement Plan as a management tool to oversee and guide ef-
forts to improve DoD inventory management. Although the Plan is organized to
respond to Section 328 of the National Defense Authorization Act (NDAA) for
FY2010," it addresses a broad range of efforts to better size the DoD inventory
and to continue effective and efficient materiel support to the forces defending
our country.

Prior to developing the Plan, the Office of the Secretary of Defense (OSD) in-
itiated a program to improve demand forecasting for secondary items throughout
their lifecycles. As the first action in that program, OSD tasked LMI to conduct
this demand forecasting project. Because improved forecasting should reduce in-
ventory excesses and shortfalls and, thereby, provide for more effective and effi-
cient materiel support, the program and this project subsequently became part of
the overall improvement plan.

The project itself had two objectives. The first was to use inventory stratification
data to categorize items with excesses and shortfalls and quantify the role that
demand forecasting plays in causing excesses and shortfalls. The second was to
review the procedures the military services and the Defense Logistics Agency
(DLA) use to forecast demand for new items being introduced into the DoD
supply system—the first stage of an item’s lifecycle. In addition to satisfying the
two objectives, LMI was to report on forecast performance metrics.

This project directly aligns with the Section 328 requirement that DoD include in
its plan “a comprehensive review of demand forecasting procedures to identify
and correct any systematic weaknesses in such procedures, including the devel-
opment of metrics to identify bias toward over-forecasting and adjust forecasting
methods accordingly.”

! Section 328 required the Secretary of Defense to “...submit a comprehensive plan for im-
proving the inventory management systems of the military services and the Defense Logistics
Agency.”
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FINDINGS AND PLAN ACTIONS

Table ES-1 relates the findings in this report to the actions they support within the
overall inventory improvement plan.

Table ES-1. Findings and Plan Actions

Focus area

Finding

Supported plan action

Causative analysis of item stratification data

Excess inventory and item
lifecycle

Excess inventory and item
usage

Excesses and shortfalls and
demand forecasting

Other drivers of excesses and
shortfalls

Initial demand forecasts for new items are
not a significant cause of excess inventory.

Excess inventories predominantly
comprise reparable items, most of which
were used at least once.

Forecastability is more of an issue with
both excess and shortfall items than
forecast accuracy.

Demand forecasting is not the only driver
of excesses and shortfalls.

Review forecasting procedures for estab-
lished items.

Measure the accuracy of potential reutili-
zation stock (PRS) reviews. How much
has the department benefited from items
being sent to disposal?

Assess alternatives for setting levels for
low demand items.

Reduce excesses by examining areas
other than forecasting.

Review of forecasting procedures for new items entering the DoD supply system

Forecastability

Inventory levels for new con-
sumable items

Inventory stratification and
performance measurement

The military services tend to initially over-
forecast future demands because de-
mands for most of the items they manage
are intermittent, making them very difficult
to forecast even with the best statistical
models.

Because of historically poor buy-back
rates, DLA does not procure supply sup-
port request forecasts from the military
services until preliminary requisitions are
received, which initially and predictably
leads to backorders.

The DoD capability to utilize inventory
stratifications as a tool for evaluating
DoD inventories and forecasts is rapidly
declining.

Assess alternatives for setting levels for
low demand items.

Review alternatives for sharing the
financial risk of procuring supply support
requests.

Update DoD stratification policy and
processes to clarify terminology and
standardize its systemic application
across the department.

OPPORTUNITIES FOR IMPROVEMENT

Statistical Approach

Item introduction forecasts are based on engineering estimates that are updated
with historical demand over a 2-year demand development period. The current
update procedures can be improved by using an approach that revises forecasts by
weighting the number of demands and operating hours at the system level.

v




Executive Summary

Collaboration

DoD can minimize the effect of inaccurate demand forecasts by prioritizing fore-
cast reviews based on the value of the demand forecast.

Also, DLA does not procure supply support requests (SSRs) forecasts until initial
requisitions are received, which initially and predictably leads to backorders.
DLA cites the military services’ historically poor buy-back rates and lack of a fi-
nancial stake in the forecasts as reasons for delaying procurement. DoD should

revise supply and financial policy to specify how SSRs should be processed and
funded.

Performance Measurement

The military services do not measure demand forecast accuracy for item introduc-
tion forecasts. The percent error metric is the most appropriate metric to measure
forecast accuracy for new item introductions because it measures both the amount
of error and the direction (i.e., under- or over-forecast).

Demand Management

Instead of relying on increasing inventory to mitigate supply chain risks, DoD
should implement a supply chain management best practice that uses a defined
end-to-end risk management approach that includes risk identification, analysis,
mitigation planning and implementation, and risk tracking.

FINAL OBSERVATION

Changes in operations will cause forecasts to change, which, in turn, will cause
inventory requirements levels to change. Thus, inventory procured to support a
given operating tempo may become excess because the operating tempo de-
clines over time. In light of this reality, we can conclude that inventory excesses
and shortfalls cannot be avoided, even with perfect knowledge of the future. Im-
provements in demand forecasting will only reduce inventory excesses and
shortfalls; it will not eliminate them.
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Chapter 1
Introduction

This report documents
¢ an analysis of stratification data for items with excesses and shortfalls, and

¢ areview of the current processes used by the military services to forecast
demands for new item introductions.

BACKGROUND

Because private and public suppliers maintain inventory to fill future customer
demand, demand forecasting is the keystone of inventory management. Accurate
forecasts result in effective and efficient inventories, whereas inaccurate forecasts
often cause inventory excesses and shortfalls.

In June 2009, the Office of the Secretary of Defense initiated a program to im-
prove demand forecasting throughout the lifecycle of secondary items managed
by the military services and Defense Logistics Agency (DLA). Appendix A de-
scribes that program.

Subsequent to the commencement of this program, the F'Y2010 National Defense
Authorization Act, Section 328, was enacted. Section 328 requires the Secretary of
Defense to

... submit to the congressional defense committees a comprehensive plan
for improving the inventory management systems of the military services
and the Defense Logistics Agency.

A required element of the overall plan is

a comprehensive review of demand forecasting procedures to identify
and correct any systematic weaknesses in such procedures, including the
development of metrics to identify bias toward over-forecasting and ad-
just forecasting methods accordingly.

The Department of Defense has included this item introduction forecasting review
as an initial milestone in the required plan for demand forecasting. The findings
and recommendations of this review support other milestones in the overall DoD
Comprehensive Inventory Management Improvement Plan.
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CAUSATIVE RESEARCH AND ANALYSIS

LMTI’s causative research and analysis answers a number of questions relative to
inventory excesses and shortfalls. In what follows, we list the questions, what we
found, and how it relates to the actions in the sub-plans in the overall DoD inven-
tory management improvement plan. Chapter 2 discusses our causative research
and analysis in detail.

Excess Inventory and ltem Lifecycle

Question: Are initial demand forecasts for new items a significant cause of excess
inventory?

We found that initial demand forecasts for new items are not a significant cause of
excess inventory. Most excess inventories tend to occur for items that have been
in the inventory for many years. The majority of the items with excess have been
in the system for more than 10 years, and many have been in the system for more
than 20 years.

If systemic problems in demand forecasting are a leading cause of excesses but

initial forecasts are not, then the DoD demand forecasting program should focus
on demand forecasts for established items. Accordingly, Action A-1 of the sub-

plan for demand forecasting' has a milestone for reviewing demand forecasting
procedures when an item is in the sustainment phase of its lifecycle.

Excess Inventory and Iltem Usage

Question: How much use has the Department of Defense had from excess inven-
tory it sends to disposal?

We found that excess inventories predominantly comprise reparable items, most
of which were used at least once. Depending on the military service, reparable
items constitute 90-97 percent of the excess inventory, and 56—80 percent of the
excess is unserviceable items. For a reparable item to be unserviceable, it must
have been used at least once since it entered the DoD supply system and now is in
need of repair before it can be used again.

To monitor the timeliness and accuracy of excess reviews, the sub-plan for poten-
tial reutilization stock (PRS)? calls for the development of new metrics. Periodic
reviews dispose of items no longer required for continued use. Since unservicea-
ble reparables are the most costly to retain, these items should be identified for
disposal first. New metrics should focus on how much inventory is sent to dispos-
al that is unserviceable reparable stock versus serviceable reparable stock.

! Department of Defense Comprehensive Inventory Management Plan, Chapter 2,
“Sub-Plan A: Demand Forecasting.”

2 Department of Defense Comprehensive Inventory Management Plan, Appendix 9,
“Sub-Plan H: Disposition of PRS.”
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Introduction

Excesses and Shortfalls and Demand Forecasting

Question: To what extent is inaccurate demand forecasting a primary cause for
DoD excess inventory?

Two issues involving the creation of excesses revolve around demand forecasting.
The first is the ability to produce an accurate forecast that limits inventory ex-
cesses and shortfalls. The second, which is more germane to the Department of
Defense, is the ability to produce any credible forecast for items that have low,
sporadic demand or limited “forecastability.” We found forecastability is more of
an issue with both excess and shortfall items than forecast accuracy.

Action A-4 of the sub-plan for demand forecasting looks at alternatives for setting
inventory levels for items with low sporadic demand. One such alternative, Peak
Policy, doesn’t rely on a point estimate of future demand; it sets levels based on
the demand peaks in extended demand histories for low demand items.

Other Drivers of Excesses and Shortfalls
Question: What additional factors drive inventory excesses and shortfalls?

We found demand forecasting is not the only driver of excesses and shortfalls.
Excesses can be the result of reductions in readiness objectives and safety levels
or unserviceable returns that exceed current demand rates. Shortfalls can be the
result of increases in lead times, repair cycle times, and safety levels or changes in
operational availability targets.

In addition to the sub-plan for demand forecasting, the DoD inventory improvement
plan has seven other sub-plans aimed at making improvements in other areas:

¢ Total asset visibility and multi-echelon modeling
¢ On-order excesses

¢ Economic retention

¢ Contingency retention

¢ Storage and direct vendor delivery

¢ Items with no demand

¢ Disposition of PRS.



REVIEW OF DEMAND FORECASTING PROCEDURES
USED DURING ITEM INTRODUCTION

We analyzed how initial forecasts are used to set inventory levels. To do so, we
conducted an extensive case study on demand forecasting for a new weapon sys-
tem. The improvements we recommend are based on what we uncovered during
that case study analysis.

Validity of Initial Forecasts for New ltem Introductions

We started our review focusing on the demand forecasting processes involved in
new item introductions and the validity of initial forecasts. We found the following:

¢ Based on an analysis of the forecast error for Army, Navy, and Air Force,
initial forecasts tend to over-forecast future demands because demands for
most of the items the military services manage are intermittent, making
them very difficult to forecast, even with the best statistical models.

¢ Initial forecasts are inherently less reliable than sustainment forecasts be-
cause they are based largely on engineering estimates.

¢ The current supply support request (SSR) process for supporting the mili-
tary services’ item introduction forecasts for new consumable items pro-
vides poor support.

Chapter 3 discusses forecasting policies and processes for new item introductions
and our analysis of demand and forecast data for new items.

Forecasting Impact on Inventory

We next looked at how demand forecasts are used to set inventory requirements
levels. We found the following:

¢ Inventory overages and shortages are not solely due to inaccurate demand
forecasts. Rather, inventory levels are largely determined based on a combi-
nation of forecasts of demand, resupply times, and operating hours. An error
in any one of these will likely result in an inventory imbalance.

¢ Even under the best conditions, demand forecasting methods will inevita-
bly produce overages and shortages for reparable items because of the
randomness of demand from year to year.

¢ The advent of readiness-based sparing (RBS) modeling that considers on-
hand inventory further blurs the distinction of what constitutes an invento-
ry excess. When computing the optimum mix of inventory to achieve a
weapon system readiness goal, RBS models can apply the excesses of one
item to offset the need to procure others.

1-4



Introduction

Chapter 4 discusses the role of forecasting in setting requirements levels and the
risks that cause over- and under-forecasts.

Case Study

To quantify the relationship initial demand forecasts and other inventory
requirement-setting factors have with inventory overages, we conducted a series
of experiments with actual data for a weapon system. The results confirmed our
findings in Chapter 4.

Moreover, the case study demonstrated that, under the best of conditions, demand
forecasting methods will inherently produce overages. The best forecasting me-
thods would yield only a 1 percent overage; whereas, methods that overreact to
the latest demands could produce overages as high as 9 percent.

Chapter 5 discusses the details of our case study analysis.

RECOMMENDED ITEM INTRODUCTION FORECASTING
IMPROVEMENT STRATEGIES

The following summarizes forecasting improvement strategies stemming from our
review to improve accuracy and reduce the potential for inventory excesses and
shortfalls. Details on these improvement strategies can be found in Chapter 6.

Statistical Approaches

Item introduction forecasts based primarily on engineering estimates can be im-
proved by incorporating historical demand when available. The current DoD prac-
tice of revising forecasts by time-weighting engineering estimates and historic
demand at the item level tends to over-forecast demands for items with no de-
mands and under-forecast items with many demands. More accurate forecasts can
be obtained by using a Bayesian approach, which revises forecasts by weighting
the number of demands and operating hours at the system level.

Collaboration

DOLLAR VALUE GROUPS

DoD can minimize the effect of inaccurate demand forecasts by prioritizing fore-
cast reviews based on the value of the demand forecast. Greater collaboration and
more frequent forecasts produce less forecast error for the higher value groups
than demand forecasts that receive less scrutiny and are forecast less frequently.



SUPPLY SUPPORT REQUESTS

Currently, DLA does not procure SSR forecasts until initial requisitions are re-
ceived, which initially and predictably leads to backorders. DLA cites the military
services’ historically poor buy-back rates and lack of a financial stake in the fore-
casts as reasons for delaying procurement. Alternative approaches are to allow the
military services to manage new maintenance-significant consumable items for
the first year before transferring item management to DLA or require that the mil-
itary services fund procurement of some portion of the SSR forecasts.

Measurement

METRICS

The military services do not measure demand forecast accuracy for item introduc-
tion forecasts. Many of the metrics used to assess forecast accuracy for sustain-
ment are not useful for item introductions when little demand data is available.
The percent error metric is the most appropriate metric to measure forecast accu-
racy for new item introductions because it measures both the amount of error and
the direction (i.e., under- or over-forecast).

STRATIFICATION CAPABILITIES

DoD’s capability to utilize inventory stratifications as a tool for evaluating its inven-
tories and forecasts is rapidly declining. The DoD components are implementing en-
terprise resource plans (ERPs), and inventory stratifications need to be incorporated
into the ERPs at the item level for the purpose of evaluating inventory management.
DoD inventories managed by contractors are currently excluded from stratification
despite the increasing reliance on contractors to manage DoD inventories.

Demand Management

DoD has adopted a supply chain management approach but relies primarily on
increasing inventory to mitigate supply chain risks. A relevant supply chain man-
agement best practice involves a defined end-to-end risk management approach
that includes risk identification, analysis, mitigation planning and implementation,
and risk tracking.

SUMMARY

Accurate forecasting of materiel demand is an essential element of properly sizing
future inventory. Inaccurate forecasting leads to imperfect level setting of stock,
which may result in either excess inventory or shortfalls in filling customer de-
mand. Our review addresses demand forecasting issues relevant to the item in-
troduction phase of lifecycle materiel management, and we recommend actions
that support the objectives of the DoD Comprehensive Inventory Management
Improvement Plan.
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Chapter 2
Causative Research and Analysis

From 2007 to 2009, the Government Accountability Office (GAO) conducted a
series of inventory audits' on items managed by the military services to determine
the extent to which on-hand and on-order secondary inventories support current
requirements. GAO found the military services had billions of dollars worth of
spare parts in excess of current requirements, while still experiencing some inven-
tory shortfalls. At the conclusion of these audits, GAO submitted a report to Con-
gress on high risk areas.? That report stated how a major cause for excess
inventory was weakness in demand forecasting.

In an effort to better understand the causes for having inventory in excess or in
shortfall to current requirements, Deputy Assistant Secretary of Defense for
Supply Chain Integration (DASD[SCI]) requested LMI follow up on the GAO
findings. Specifically, we were to assess the sample excess and shortfall items in
the GAO inventory audits and categorize the causes of the identified excesses and
shortfalls. GAQO’s sampling method did not use life phase as a distinguishing fac-
tor; therefore, items assessed in this chapter cut across all life phases.

APPROACH

We built on the analysis completed by GAO in the inventory audits and leveraged
the same sample of excess and shortfall items. GAO’s analysis drew on data from
four fiscal years of DoD’s central secondary item stratification reports,” which are
from September 30 of each year. The crux of GAO’s analysis was based on the
opening position table from these reports.

Our broader analysis leveraged stratification reports from eight fiscal years and
included both the opening position and the retention position tables. To maintain
consistency with GAO’s analysis, we were able to obtain stratification records for
seven of eight fiscal years (September 30 files for 2002-2008) from GAO. We
obtained the additional September 30, 2009, data directly from the military ser-
vices. We used attribute data from auxiliary sources, such as the Federal Logistics
Information System, to further characterize these items.

' Appendix B summarizes the findings from the audits.

> GAO, DoD’s High-Risk Areas, Actions Needed to Reduce Vulnerabilities and Improve
Business Outcomes, GAO-09-460T, March 12, 2009.

3 GAO’s inventory analysis for the Army and Navy used September 30 files for 2004-2007;
the Air Force analysis used September 30 files for 2002—-2005.
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ANALYSIS OF EXCESS

In each military service inventory audit, GAO identified a representative sample of
items that had inventory in excess of current requirements. GAO used these items to
survey the military services about reasons for maintaining excess inventory and to
draw general conclusions about the entire population of managed items. We analyzed
this same sample of excess items, which included 153 Army-managed items,

384 Navy-managed items, and 230 Air Force-managed items.

This section outlines our findings from this review. Since GAO had selected a
random probability sample, the results of our analysis should be representative of
the total item population for each military service.

Stratification of Inventory

In Section 328, Congress defined excess inventory as inventory in excess of the
approved acquisition objective (AAO) and not needed for economic or contingen-
cy retention. Although this definition matches the DoD definition for potential
reutilization stock (PRS), it differs from the definition GAO used as the basis of
its findings.

Because DoD considers PRS as potential excess subject to disposal, our analysis
focused on PRS; however, to understand how the sample items identified by GAO
as excess related to current DoD inventory stratifications, we categorized on-hand
and on-contract inventory value for these items by AAO, economic retention
stock, contingency retention stock, and PRS. Figure 2-1 shows this breakout using
the base year” stratification data for each military service.” For the GAO sample
items, we found 4 percent of the Army inventory, 18 percent of the Navy invento-
ry, and 8 percent of the Air Force inventory to be PRS. These numbers closely
relate the percentage of DoD inventory value that is PRS, which was an average
of 15 percent from FY2005 to FY2009.°

* We use base year to describe the data point used by GAO when identifying the service-
managed sample items. GAO used September 30, 2007, data to identify Army and Navy excess
and shortfall items and September 30, 2005, data to identify Air Force excess and shortfall items.

> Within the Department of Defense, PRS is valued at the expected return of sales from the
disposal activity; however, for the purpose of this report, all inventory categories are valued at full
stratification value to fully compare relativity to total inventory. Army and Navy stratification data
uses standard price and Air Force stratification data uses latest acquisition cost.

% Based on DoD Supply System Inventory Report, an annual publication that provides sum-
mary statistics on the status of DoD supply system inventories, by dollar value, inventories by
DoD component, retention categories, and funding source.
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Causative Research and Analysis

Figure 2-1. Inventory Stratification of GAO Excess ltems
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Note: CRS = contingency retention stock; ERS = economic retention stock.

Breakdown of PRS

To better understand what made up this PRS inventory, we looked at the data by
inventory type and determined how much was on-order.

INVENTORY TYPE

We further divided PRS inventory value by inventory type and found the majority of
this inventory comprises reparable items (see Figure 2-2). Much of the reparable inven-
tory is in unserviceable condition, indicating that it was used, sometimes repeatedly.



ON-ORDER

Figure 2-2. Percentage of PRS Inventory Value by Type for GAO Excess ltems
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Because reparables are investment items, when they fail, the military services re-
quisition a new one and the unserviceable item may be either repaired or retained
in unserviceable condition. As weapon system programs and demand expand and
contract over time, requirements increase and decrease. Repair schedules are
based on current requirements, but the total number of reparable items in the
supply system is based on peak buy requirements. Unserviceable stock is an indi-
cation that the items were needed at one time, but perhaps not currently. Because
an unserviceable item may be needed in the future, it may not make economic
sense to dispose of it.

Changes in mission, consumption factors, and other factors affect requirements
and can lead to inventory excess. Sometimes, this may cause part or all of the on-
order stock to be identified as PRS. When this happens, DoD policy requires
timely action to reduce or cancel orders before contract award and to consider
terminating contracts for certain items. If the buy is still in the procurement re-
quest stage and no award has been made, inventory managers can make quick re-
ductions because no funds are obligated and they are not bound by any agreement
with their suppliers. Once a contract is in place, termination may become un-
economical and more difficult.

Reacting to on-order excess is important because this excess is identified before
coming into the DoD supply system and while it is still possible to prevent. To
quantify the significance of this on-order issue, we considered the portion of
GAO-identified excess items that had on-contract PRS, as well as the portion of
total inventory value that was on-contract. As Figure 2-3 shows, 8 percent of the
Army-managed, 2 percent of the Navy-managed, and 45 percent of the Air Force-
managed items identified as excess by GAO had on-contract PRS.
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Causative Research and Analysis

Figure 2-3. Percentage of GAO Excess Items and Total Inventory Value
That Is On-Contract PRS
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® Percentof GAO excess items with on-contract PRS
= Percentof total inventory value thatis on-contract PRS

While on-contract PRS represents a relatively small amount of total inventory—
0.6 percent of Army inventory, 0.1 percent of inventory Navy, and 4 percent of
Air Force inventory—it still represents an opportunity to proactively eliminate
unnecessary inventory.

Relationship of Forecast Error to Excess

GAO identified inaccurate demand forecasting as a primary cause for the military
services’ inability to align inventory levels with current demands. When forecasts
are too high, inventory managers buy too much too soon; inventory arrives before it
is needed and in larger quantities than necessary. GAO suggested that improving
demand forecasting procedures will help eliminate this excess inventory situation.

But, there are reasons other than inaccurate forecasting that can lead to inventory
excess. Requirements can change, even if forecasts do not. Lead times, repair
cycle times, and safety levels can also be reduced, and operational availability
targets can change. In addition, large returns, when they exceed demand require-
ments, can raise the inventory level and lead to excess.

To better understand the correlation between inaccurate demand forecasts and
the inability to align inventory levels with current demands, we reviewed fore-
cast error for the items identified as excess by GAO. To identify forecasting as
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the cause of an excess, an item must not have been in excess in one year and
have both positive forecast error and excess condition in the next year. To test
this, we looked at the base year stratification data for the items identified as
excess by GAO and analyzed the demand forecasts, actual demands, and excess
data of each.

Figure 2-4 shows that, of the 767 items identified as excess by GAO, only 153 items
entered excess status in the base year (i.e., they were not considered excess the pre-
vious year). Of those 153 items, 52 had positive forecast error the previous year, 49
had negative error, and 52 had no error.” In other words, most of the items entering
excess status in the base year were not over-forecasted the previous year. This finding
does not support the general contention that over-forecasting (positive forecast error)
is the main cause of excess. While this may be true intuitively, we were not able to
identify a strong correlation between forecast error and excess using the data from
GAO’s inventory audits.

Figure 2-4. Forecast Error and Excess
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Forecastability of Excess ltems

As we took a closer look at the actual demands for the items identified as excess
by GAO, we saw that many had sporadic or no demand. Since standard forecast-
ing techniques work best on items with continuous and stable historical demand,
the ability to forecast these items is limited.

7 Virtually all of the zero-error items had zero demands and zero forecasts.
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Causative Research and Analysis

To understand this forecastability issue, we reviewed historical demand for a
S-year period (2 years leading to the base year, the base year, and 2 years after the
base year) for the items identified as excess by GAO.

Figure 2-5 shows the number of annual periods with actual demands for these
items. Only 38 Army-managed items, 34 Navy-managed items, and 57 Air Force-
managed items had actual demands in all 5 years, which makes them more suita-
ble for standard forecasting techniques. The remaining 115 Army-managed items,
350 Navy-managed items, and 173 Air Force-managed items had intermittent
demand during these 5 years, which makes them more difficult to forecast using
standard techniques.

Figure 2-5. Number of Annual Periods with Actual Demands
for GAO Excess Items
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While commenting on GAO’s inventory audit reports, the military services ex-
plained that many of the items with no current demand are used on older weapon
systems and can no longer be procured. According to the services, these items
may still have future demands, and, therefore, are retained for possible future use.
This adds to the complexity of accurately forecasting demand for these items and
weighing the need to retain this inventory.

Excess Items by Cause

In each of the military service inventory audits, GAO used survey responses from
item managers to estimate the frequency of reasons why excess items were main-
tained in inventory. To complement this approach, we analyzed 8§ years of item-

specific stratification data to further characterize causes for excess. We looked at
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item characteristics, number and frequency of historical observations, and inven-
tory requirements and stock levels over time. We then grouped items by excess
cause. Even though we found a large portion of items to have forecast-related is-
sues, we found even more items had either no PRS or excess issues that could not
be aligned with forecast-related errors. Our causative findings for each military
service are outlined below.

The 153 Army-managed items identified as excess by GAO fall into one of the
following categories (see Figure 2-6):

Figure 2-6. Causes for Army-Managed GAO Excess Items

Excess created prior
to analysis period
16 (11%) on-forecast
issue
18 (12%)

NoPRS
66 (43%)

¢ No PRS. Sixty-six items (43 percent) did not have PRS; therefore, we did
not consider them to be excess.

& [Excess created before the analysis period. Sixteen items (11 percent) had
PRS prior to 2002, which is the first data point in our analysis. Eleven of
these items showed no actual demand or forecasted demand during the
analyzed 8-year period. Limited data prevented us from attributing a cause
for the excesses of these items.

& Requirements not completely reflected. Twenty-two items (14 percent) did
not completely or accurately reflect requirements. Sixteen of these items
were part of the consumable item transfer to another agency, which caused
a temporary misalignment between assets and requirements in the stratifi-
cation reports. The remaining six items are components being assembled
into aircraft safety kits. The dependent demand for these subordinate items
is only reflected at the kit item level, causing the total requirements in
subordinate stratification records to appear understated.

& Non-forecast issue. Eighteen items (12 percent) had excesses not attribut-
able to inaccurate forecasts. Three of these items had unserviceable returns
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Causative Research and Analysis

that were greater than current demand rates, which led to excess. Eight
items had non-demand-based reductions (i.e., contingency retention or
numeric stock objective) that have led to excess. The remaining seven
items had an increase in serviceable inventory that was not justified by
demand quantities, possibly from returns.

& Forecast-related. Thirty-one (20 percent) items had excesses attributable to
inaccurate forecasts. These items had demand-based (i.e., forecast, econom-
ic retention, or lead-time) errors or reductions that led to excess. These
items are further divided into two categories: 17 items had limited or no his-
tory and were identified as having a forecastability issue; 14 items had suf-
ficient actual demands and were identified as having a forecast error issue.

The 384 Navy-managed items identified as excess by GAO fall into one of the
following categories (see Figure 2-7):

Figure 2-7. Causes for Navy-Managed GAO Excess Items

Requirements not

completelyreflected
10 (2%)

Excesscreated
prior to analysis
period Non-forecastissue

65 (17%) 65 (17%)

NoPRS

195 (51%) \
]

Forecasterrorissue
4 (1%)

¢ No PRS. 195 items (51 percent) did not have PRS; therefore, we did not
consider them to be excess.

& Excess created before the analysis period. Sixty-five items (17 percent)
had PRS prior to 2002, which is the first data point in our analysis.
Fifty-seven of these items showed no actual demand or forecasted demand
during the analyzed 8-year period. Limited data prevented us from attri-
buting a cause for the excess of these items.

& Requirements not completely reflected. Ten items (2 percent) did not com-
pletely or accurately reflect requirements. Eight of these items were part of
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the consumable item transfer to another agency, which caused a temporary
misalignment between assets and requirements in the stratification reports.
The remaining two items were subordinate items, and demand was reflect-
ed at the head of the family.

Non-forecast issue. Sixty-five items (17 percent) had excesses not attribut-
able to inaccurate forecasts. Thirty-nine of these items had unserviceable
returns that were greater than demand rates, which led to excess. Sixteen
of these items have non-demand based reductions (i.e., contingency reten-
tion or numeric stock objective) that have led to excess. The remaining

10 items had an increase in serviceable inventory that was not justified by
demand quantities, possibly from returns.

& Forecast-related. Forty-nine items (13 percent) had excesses attributable to

inaccurate forecasts. These items had demand-based (i.e., forecast, econom-
ic retention, or lead-time) errors or reductions that led to excess. These
items are further divided into two categories: 45 items had limited or no his-
tory and were identified as having a forecastability issue; 4 items had suffi-
cient actual demands and were identified as having a forecast error issue.

The 230 Air Force-managed items identified as excess by GAO fall into one of
the following categories (see Figure 2-8):

Figure 2-8. Causes for Air Force-Managed GAO Excess Items

Non-forecastissue
39(17%)

Excess created prior
to analysis period
43 (19%)

No PRS
67 (29%)

¢ No PRS. Sixty-seven items (29 percent) did not have PRS; therefore, we

did not consider them to be excess.

& [Excess created before the analysis period. Forty-three items (19 percent)

had PRS prior to 2002, which is the first data point in our analysis. Six of
these items showed no actual demand or forecasted demand during the
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analyzed 8-year period, and another 10 had no forecasted demand. Most of
the remaining items appeared to have decreasing demands. Our limited da-
ta prevented us from attributing an excess cause to these items.

& Non-forecast issue. Thirty-nine items (17 percent) had excesses not attri-
butable to inaccurate forecasts. Fifteen of these items had unserviceable
returns that were greater than demand rates, which led to excess. Five
items had non-demand based reductions (i.e., numeric stock objective or
safety level) that led to excess. One item reflected bad data in the stratifi-
cation record in the form of unserviceable consumable inventory. Fifteen
items reflected an increase in on-order inventory, and three items showed
an increase in on-hand inventory that did not appear to be justified by de-
mand quantities, possibly caused by returns or inaccurate data.

& Forecast-related. Eighty-one (35 percent) items have excesses attributable
to inaccurate forecasts. These items had demand-based (i.e., forecast, eco-
nomic retention, or lead-time) errors or reductions that led to excess. These
items are further divided into two categories: 62 items had limited or no his-
tory and were identified as having a forecastability issue; 19 items had suf-
ficient actual demands and were identified as having a forecast error issue.

Excess Inventory by Cause

ARMY

In addition to item counts, we looked at PRS value by cause. The results of these
findings are outlined below by military service.

Figure 2-9 represents the PRS inventory value by excess cause for Army-
managed items identified as excess by GAO. Seventy-six percent was aligned
with forecast error issues, while 13 percent were aligned with forecastability is-
sues and 8 percent were aligned with non-forecast issues. Of the 76 percent
aligned with forecast error issues, one item, a gas turbine engine, accounted for
most (75 percent) of this inventory. This item was first identified with PRS
when economic retention fell to zero from 2006 to 2007. It then transitioned to
the Army’s Logistics Modernization Program, eliminating it from stratification
data after 2007 and preventing us from tracking it further.
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Figure 2-9. Percentage of PRS Inventory Value by Excess Cause
for Army-Managed GAO Excess Items
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Figure 2-10 represents the PRS inventory value by excess cause for Navy-managed
items identified as excess by GAO. Fifty-three percent of this inventory was aligned

with non-forecast issues, while 29 percent aligned with forecast error issues and
14 percent aligned with forecastability issues.

Figure 2-10. Percentage of PRS Inventory Value by Excess Cause
for Navy-Managed GAO Excess Items
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Figure 2-11 represents the PRS inventory value by excess cause for Air Force—
managed items identified as excess by GAO. Thirty-nine percent of this inventory
was aligned with forecastability issues, while 13 percent aligned with forecast er-
ror issues, 12 percent aligned with non-forecast issues, and 36 percent had excess
created prior to analysis period.

Figure 2-11. Percentage of PRS Inventory Value by Excess Cause
for Air Force-Managed GAO Excess Items
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Length of Excess

Once inventory is identified as PRS, it is reviewed by the inventory manger for
potential reuse within DoD or transfer as excess to the Defense Reutilization and
Marketing Service for possible reutilization by another DoD component; donation
to a federal, state, or local governmental agency; or disposal through sale to the
public. Requirements can also fluctuate, removing these items from excess or
making it necessary to retain this inventory for economic or contingency reasons.

To determine how much of this inventory left or remained in a state of excess, we
reviewed whether the GAO-identified excess items with PRS still had PRS

2 years later. Figure 2-12 shows that only 13 percent of Army-managed, 53 per-
cent of Navy-managed, and 29 percent of Air Force-managed items still had
excess inventory 2 years after the GAO inventory audits.®

¥ For Army and Navy items, we identified items with PRS in 2009. For Air Force-managed
items, we identified items with PRS in 2007.
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Figure 2-12. GAO Excess ltems with PRS 2 Years Later

76 (87%)
116 (71%)

89 (47%)

Army Navy Air Force

| "NoPRS =Stilhad PRS |

To further understand how long an item remained in excess, we looked at the
number of consecutive periods with PRS for the items identified as excess by
GAO. Figure 2-13 aligns these items with the number of consecutive annual stra-
tification periods in which they had PRS. Most of the Army-managed and

Air Force-managed items had 3 or fewer years of PRS; however, most of the
Navy-managed items with PRS stayed in an excess state for more than 3 years.

Figure 2-13. Number of Consecutive Periods with PRS for GAO Excess ltems
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ltem Phase

GAO indicated that initial provisioning of spare parts based on engineering esti-
mates can result in the purchase of unneeded stock when these estimates prove to
be inaccurate.’ To understand the relationship between item introduction and
excess inventory, we looked at the age of items during GAO’s audits using the
system entry date from the Federal Logistics Information System. From this, we
were able to approximate the life phases for these items.

Figure 2-14 shows the age of all GAO-identified excess items that had PRS. While
it is true that inaccurate estimates during item introduction can lead to excess, we
found inventory excesses to be more of a problem in older items. In fact, the ma-
jority of the items with excess had been in the system for more than 10 years, and
many had been in the system for more than 20 years. Only 21 Air Force-managed
items had been in the system for less than 3 years; these were most likely in the in-
troduction phase.

Figure 2-14. Age of All GAO Excess ltems with PRS
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Additional Item Attributes

To further characterize the items that had PRS and were identified as excess by
GAO, we looked at inventory type, inventory control point (ICP), and federal
supply group (FSG). Our review did not indicate that any of these factors was a
leading indicator of whether items would have PRS.

’ GAO, Defense Inventory: Management Actions Needed to Improve the Cost Efficiency of the
Navy’s Spare Parts Inventory, GAO-09-103, December 2008, p. 5.
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Figure 2-15 shows, by inventory type, the number and percentage of items identi-
fied as excess by GAO that had PRS.

Figure 2-15. GAO Excess Iltems with PRS by Inventory Type
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Table 2-1 shows the inventory control point for the items identified as excess by
GAO that had PRS.

Table 2-1. Inventory Control Points for GAO Excess Items with PRS

Military Number Percentage
service Inventory control point of items of items
Army Armament and Chemical Acquisition and 34 39%
Logistics Activity (ACALA) (Rock Island)
AMCOM (Missile) 20 23%
TACOM (Warren) 17 20%
AMCOM (Aviation) 16 18%
Navy Philadelphia (Aviation) 118 62%
Mechanicsburg (Maritime) 71 38%
Air Force Ogden 66 40%
Warner Robins 52 32%
Oklahoma City 43 26%
San Antonio 2 1%
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Table 2-2 shows the top five federal supply groups within each military service
for the items identified as excess by GAO that had PRS.

Table 2-2. Top Five Federal Supply Groups for GAO Excess Iltems with PRS

Military Number Percentage
service FSG Description of items of items
Army 59 Electrical and electronic equipment 13 15%
components
53 Hardware and abrasives 12 14%
61 Electric wire and power and distribution 8 9%
equipment
51 Hand tools 5 6%
25 Vehicular equipment components 5 6%
Navy 59 Electrical and electronic equipment 52 28%
components
49 Maintenance and repair shop equipment 13 7%
58 Communications, detection, and coherent 13 7%
radiation equipment
16 Aircraft components and accessories 12 6%
51 Hand tools 12 6%
Air Force 59 Electrical and electronic equipment 36 22%
components
16 Aircraft components and accessories 23 14%
13 Ammunition and explosives 23 14%
28 Engines, turbines, and components 17 10%
15 Aircraft and airframe structural 15 9%
components

ANALYSIS OF SHORTFALLS

In each military service inventory audit, GAO identified a representative sample of
items that had inventory shortfalls. GAO used these items to survey the military
services about reasons for inventory shortfalls and to draw general conclusions
about the entire population of managed items. We analyzed this same sample of
shortfall items, which included 67 Army-managed items, 40 Navy-managed items,
and 105 Air Force-managed items. Because GAO had selected a random probabili-
ty sample, the results of our analysis should be representative of the total item
population for that military service.

Stock Due-Outs

GAQO’s audits identified inventory shortfalls when inventory levels dipped below
the reorder point or requirements objective threshold. Even though these measures
are used to trigger inventory replenishments within DoD, they do not translate to
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operational impact. DoD’s metrics in this area use stock due-out or backorders to
identify when inventory is short of operational requirements.

To understand the operational impact associated with these lower inventory levels,
we looked at the items identified as having an inventory shortfall by GAO and
found only a portion of them also had stock due-out requirements in the stratifica-
tion records. Figure 2-16 shows that only 49 percent of the Army-managed items,
30 percent of Navy-managed, and 11 percent of Air Force-managed items with
shortfalls had stock due-out requirements in the base year. Even smaller percentag-
es of items had stock due-out requirements in the year after the base year. These
findings confirm that, even when inventory levels fall below these thresholds,
managers are often able to leverage built-in safety levels and avoid operational
impact.

Figure 2-16. Portion of GAO Shortfall Items with Stock Due-Out Requirements
in Base Year and 1 Year after Base Year
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® Percentof shortfall items with stock due-outs in base year
= Percentof shortfall items with stock due-outs in year after

Relationship of Forecast Error to Shortfalls

Demand forecasting is not an exact science, and forecasts are rarely 100 percent
accurate. Shortages can occur when forecasts are too low (i.e., actual demand ex-
ceeds forecast). Inventory managers also sometimes buy too little and too late. In
addition, under estimating lead-time demand can deplete inventory levels before
the purchase