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Preface

The importance of podtarvest losses for food security has been appropriately

reflected in the international development agenda. Within the Sustainable
Development Goals (SD@)r amewor k, Target 12.3 for Goa
2030, halve per capita global food waste at the retail and consumer levels and

reduce food losses along production and supply chains, includingqosist

|l osses”. Simil ar o bptedat regoralsleveh withehe al so b e
example of the engagement taken by African heads of state in Malabo (June

2014) “to halve tther waigtr elnds d e el s tolfe pye

Given the strategic dimension of this topic and the lack of releefiable data

and measurement methods, the improvement of methods for estimating post
harvest losses was identified by the member countries of the Food and
Agriculture Organization of the United Nations (FAO) as a priority research
topic. As such, it wasicluded in the Research Component of the Global Strategy
to improve Agriculture and Rural Statistics (GS). The objective of this research
line is to develop costffective statistical methods for measuring guetvest
losses. To date, two methodologicatdments have been published: A literature
review presenting the different measurement optiemsl a gaps analysis.
These documents are available on the GS website (http://www.gsars.org).

The measurement approaches and methods described in these ipoblicat
needed to be tested to ensure their capability to produce quality results at a
reasonable cost and their straightforward replication by countries. For this
purpose, a pilot survey was conducted in Ghana from October 2016 to March
2017, testing a suryebased approach to measure harvest andhawsest
losses on the farm. This document describes the methodological approach that
was tested and subsequently adopted. It also presents and discusses the data
collected and the compiled indicators. Beyond lthetations and challenges
inherent in any data collection exercise, the results presented in this report
contribute to broadening the evidence base on food losses Baéignan Africa.

The methods used in this study are replicable by any country tehesvio
improve its crop loss estimates. These methods will benefit from further testing,

1 Mal albeoc | amakd coenl Amgat eddrtomeatehfir an s f ofr oahtairoend
Prosmetdmpy a¢veedl| iMad abbqou, a tCouriinzeb2 J uR @ 1 4 .
2GlobBarlr atteemyrfdgrei c @ain@RurSatlat i29tli5ms r. oMei tnhdo d rs
Esti mRAodtagvessts AReviodvet hbaobBsst i ma@nt akbhasiar vest
Los.SWes kKPapgNo2 GSWor kP agRo me .
3Gl oBat attoengpyrAogwei | tanRlatSatlat 2 9 i a |l lsmppsr ov e d
Me t hfoars s e Poitliag vieosstVe s kP ag\eorl 7GSWo r kP agR 0 me .
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which is currently underway in other countries as part of the technical assistance
activities of the GS.
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1
Introduction and Objectives

The esting of measurement methods on crop losses at farm level is necessary to
assess their relevance, cefficiency and replicability, before recommending
them to countries.

The pilot survey undertaken in Ghana and described in this document concerns
measuement of posharvest losses (PHt)pn the farm,a stage atvhich, in
developing countriedpsses are recograd to be high in relation to other stages

of the production chajnin developed countriesosses are higher at the retail

and consumption stageIwo different measurement methods were tested,
assessed and comparedi ) far mer s’ d @)c bbgectizet i on s an
measurements. Both approaches were conducted on a stratified sample of
farmers selectedat random. Therefore, the calculated indicators d@n
considered as representative of the targeted segment of farms. el'loé aus
samplesurvey approackenabledlieveraging the farm surveybat are already
conducted regularly in Ghana, in terms of the availability of listings, data and
human resources.

Most sample surveys that have attempted to measure harvest asithpest

| osses (HPHL) at farm | evel rely on f
measurements through croptting, weighting and laboratory analysis are not
widespread, because of their compagdy high complexity and associated
costs. However, the advantage of objective measurements, if done properly, is
that they can yield more accurate results. This is true especially for complex
topics such as losses, which farmers may find difficult t@nteontrary to
straightforward production surveys. Additionally, objective measurements can
complement farmer declarations: they allow for crosschecking information and
updating and calibrating technical parameters. They can also be used as a basis
for modelling, by correlating measured losses with key drivers.

The measurement of yield and production is closely connected to the
measurement of HPHL. Losses are often reported either as a percentage or as a
guantity. When losses are expressed in percentage terms, they refer to harvested
guantities; when expresseddnantitative terms, the harvested quantities must

be used as the starting point from which losses can be discounted. Yield or

“l t hd ®c unfeHlt ¢ mp rliossesse ©ifea f m o m m ¢ ¢ | uhdai rnvgefsatn d
i ncl wdaogreg )
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production estimates are often based

several studies have shown that these sources maiadedbn this context,
providing quantitative evidence on t
and objective measurements regarding crop Yyields will todiards
understanding discrepanciesd possibly correcting them, while inevitablgo
contibuting to improved loss estimates.

This report is articulated as follows: chapter 2 presents the survey and estimation
methodologies; chapter 3 describes the organization of the field work; chapter 4
covers the data entry and cleaning work; chapter usss and compares the
yield and loss indicators; and chapter 6 summarizes the main findings, their
usefulness for future research and highlights the main challenges and limitations.
Detailed tables and sample questionnaires are provided in the annexes.

he

on

di



Methodology and Design

The Global Office of the Global Strategy to improve Agricultural and Rural

Statistics (GS) was in charge of the overall design, planning and supervision of

the pilot survey. It also took thead in establishing the estimation methodology

and in carrying out the calculations from the fdrne v e | data sets. Gt
Ministry of Food and Agriculture (MoFA) was in charge of data collection

(through the deployment of supervisors and enumeratovgolistricts), data

entry, quality control, and validation. This field test was also supported by the

Savannah Agricultural Research Institute (SARI), which was in charge of the

| aboratory analysi s, and by Ghana’s Stati
technical guidance and participated in the preparatory meetings and workshops.

Sector

The farms of the household sector were targeted to include essentiallytemall
mediumscale holdings producing both for own consumption and for the market.
These farms were chosen because they are usually affected by high losses and
because they tend toot keep complete records of their activity, leading to
inaccurate reporting and data. Additionally, the data, information, sample frames
and experience in survagking for the agricultural sector in Ghana, and at
MoFA in particular, concerns the househskctor.

Commodities

Four major cereal crops were chosen: maize, rice, millet and sorghum. These
crops were available in the districts selected at the moment of the survey. The
GS research on food losses currently focuses on cereals, although it will be
expanded in 2018 to other commodities, including fruits and vegetables, milk,
and animal proteins.
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Losses

Losses were covered from harvest to storage on the farm. Losses for the
following operations were measured through enquiry with the farmers:
harvestng, threshing or shelling, cleaning or winnowing, drying;fam
transport, and storage.

For objective measurements, the same steps were considered except for drying
and transport operations. The practice followed by farmers in the chosen districts
is to harvest the crops when they are already dry or close to dry, which means
that losses during this stage should be minimal. The moisture content was
recorded by the enumerator to ensure that comparisons can be made for a given
moisture content. Ofarm tranport was also not considered because of the time
and resources required to carry out these measurements. Furthermore, according
to the experience of the field teams, the amounts lost at this stage are generally
not significant for small farmers. Lossesun@d during transportation from the

farm to offfarm storage, processors, distributors or directly to the market may
be more significant; however, they are beyond the scope of this study.

Agro-ecological zones and districts

Two districts in two differenagroecological zones were chosen: SaWilma

Kalba district in the Northern Region, and Kintampo North, located in the
transitional savannah. Sawla has only one cropping season for cereals (from
June/July to October/November), while there are two seasahs transitional
savannah: a major season (from March/April to July/September) and a minor
season (from August/September to November/December).

11



Figure 1. Location of districts chosen for the field tests.
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Timing

The fieldwork lasted fronNovember 2016 to March 2017. The interviews and
field measurements involving crop cutting were undertaken from November to
January 2017This period corresponded to the end of the harvesting season in
the Northern Region and to the mirggason harvestingr maize and rice in

the transitional savannah. The assessment of storage losses through objective
measurements was conducted from January to March 2017.

The primary objective of this pilot survey istest the relevance and validity of

the measurement approaches. While the sample size is too small to provide
statistically representative results at the country or regional level, it is in principle
large enough to draw reasonable inferences for the neagms in the two
districts (cf. table 1).
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The sample was selected on the basis of a random design, to limit the risk of
large biases occurring in the results, according to a procedure familiar to the
SRID/MoFA.

The sample of farms waselected from the listings established for the 2015
Ghana Agriculture Production Survey (GAPS) in Kintampo North and Sawla
TunaKalba. These listings contain the necessary information to characterize the
holding according to the crops planted during &422015 agricultural season.

The target population for this study comprises all farms in the two selected
districts that planted at least one crop from among maize, rice, sorghum and
millet during the 20152016 season.

The farms were selected in two or three stages: in the first stage, 20 Enumeration
Areas (EAs) were randomly selected from the 2015 GAPS listings in each
district, with a probability of selection for each EA proportional to its size in
terms of numbers ddgricultural households. In the second stage, 14 holdings
were randomly chosen from each selected EA using equal selection
probabilities: all of them took part in the declarative survey. In a third stage, a
subset of eight farms out of the 14 was seleatsthg equal selection
probabilities: at least one field in each of these eight farms was randomly
selected for the objective measurements of yields and losses. Figure 2 illustrates
the overall selection process.

SThEAsorretstpliceechb e d & & if oteltpeo p u | caet N oimscy mpai s e
r el as manku nylodvri | laangd@ a1 s e h & Ihtevechi sttrhset zE Agsari ed
consi dferrganbi Inyi, ofif o us ethd 0&losu scesh.o |
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Figure 2. Sampling strategy.
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The listings in Kintampo and Sawla are relatively recent (having been created in
2015). However, even in such a limited time span, farmers may have exited the
target population (disappearance of the household, change in crops cultivated,
etc.) or new farmes may have entered. For this reason, preliminary verification
work was required before the start of the survey. In practice, a sample of 14
farms in each EA was piselected from the 2015 listings and an additional 14
were kept as a reserve list. Enumersatvisited the first set of 14 agricultural
households to verify that they did grow at least one of the four crops covered by
the study. If a household was found not to cultivate any of the four crops, or if
the household no longer existed, it was refdnea household from the reserve
list. Table 1 provides additional details on the sample and its breakdown.

Table 1. Sample size, coverage and breakdown.

# agricultural holdings per EA # agricultural holdings
#EAs in % of Measurement in % of Measurement
total EAs|  Total Engquiry + Enquiry Total total #of  Enquiry + Enquiry
ogri hold
Sawla-Tuna-Kalba district 20 50% 14 6 3 280 14% 120 160
Kintampo North district 20 53% 14 [ 3 280 9% 120 160
Total 40 51% 560 11% 240 320
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Paper questionnaires were used in gussey, and not tablets with embedded
ComputerAssisted Programme Interview (CAPI) systems. This is because most
of the interviewers, supervisors and survey coordinators had limited or no
experience in using CAPI systems, and adding a further layer ofiexitygo

an already complex survey was not advisable from a data quality point of view.
In addition, the enumerators had to carry out several operations in the field
(identify the fields, measure plot area, crop cutting, weighing, selecting and
sorting sanples for the laboratory, etc.) which in some cases are impractical to
record on tablets.

Nine guestionnaires were used in this survey:

1 FHO-Identification form;

1 FH1-Identification of the subsample for the objective measurements;
1 FH2 - Characterization of the agricultural household;

1 FH3-Production and losses: estimation by enquiry;

1 FH4-Field listing;

1 FH5-Field measurement;

1 FH6-Production and losses: estimation by objective measurements;
1 FH7-Storage losses: stock assessmamd

1 FH8-Storage losses: estimation by objective measurements.

Examples of filledin questionnaires are provided in annex 2. Questionnaires
FH5 to FH8 were administered only to the subsample of eight farmers in each
selected EA.

15



For each of the eight farms selected in each EA for the objective measurements,
a field with one of the four crops was randomly selected. The perimeter and area
of this field was measured by the enumerators using ea@Rasitioning System
(GPS). The enumerators were requested to mark and number each of the corners
of the field, to report the length of each segment and to draw a sketch of the field
on the questionnaire. The field teams were familiar with these opeva#on
proper measurement of the field area is necessary to extrapolate the yields and
losses obtained frothe subplot (see below, section 2)3®the entire cultivated

area for this crop, and then successively to the EA and district using the
appropriate sample weights.

A subplot (or yielding plot, as it is known in Ghana), which serveshas
reference for all of the objective measurements, was placed onto each selected
field using the following procedure (see figure 3):

1 Step 1: Identification of the field and of the starting point used for area
measurement;

1 Step 2: Marking and numberingldckwise) of the corners of the field
and measurement of the length of each segment;

1 Step 3: Choice of a side or segment of the field through the selection of
a random number between 1 and the number of corners of the field;

1 Step 4: Choice of a point ondlselected segment through the selection
of a random number between 1 and the length of the segment;

1 Step 5: Determination of the distance to be covered inside the field from
the point of the segment, through selection of a random number between
1 and thenhalf-perimeter of the field;

T Step 6: Enumerators’ entrance of the f
of the segment over the selected distance;

1 Step 7: Placing of a subplot (6m x 6m square for maize, sorghum and
millet, 3m x 3m for rice) at the point refaed in step 6.

16



If this procedure leads to the placement of the subplot partly or entirely outside
the bounds of the field, the enumerator repeats the procedure starting from step
3 until the subplot falls entirely inside the field. A random number teddebeen
provided to the field teams to facilitate selection of the different random
numbers.

Figure 3. Placement of the yielding plot.

The enumerators returned to the farm when the crop reached maturity to harvest
the subplot, using the same practice as the farmer. This was to ensure that the
results obtained would be as close as possible to the real yields and not to the
potential or maximum vyields. This principle remained valid for all the other
measurements.

Once havested, the produce of the subplot was bagged (according to local
practices) and weighted. The yield was calculated by dividing these quantities
by the area of the subplot (36 for 6m x 6m subplots or 9 ffor the 3m x 3m

used for rice). This yield is ed to estimate crop production for the entire field.
For example, if 10 kg of maize have been harvested from the subplot and the
field area is 1 ha, the estimated output of this field will be: 10 x 1 x [10 000/36]
=2 778 kg.

17



Immediately after completion of the harvesting, the enumerators returned to the
subplot to collect and weigh the produce remaining on the ground (cobs, grains,
ears, etc.). This amount corresponded to the quantities lost on the yielding plot
at havest. The quantities lost for the entire farm were estimated using the same
procedure as for yields.

The produce remaining on the ground is usually present either in cobs or ears, or
as loose grains. Adding the two together would lead to an overestirabtmp

losses, as the empty cobs/ears have no or little economic and nutritional value
beyond their use as animal feed. The enumerator is asked to report the cobs/ears
and grain left on the ground separately. The cobs/ears are converted te a grain
equivdent amount using the ratio of grain to cobs/ears for each specific
farm/field: it is obtained by dividing the grain obtained after threshing or shelling
by the quantities of cobs/ears harvested. This conversion procedure has two
limitations: the first ighat it assumes that the cobs/ears remaining on the ground
after harvest have the same grain weight as the harvested ones, when in fact it is
likely that the lost or discarded ears/cobs have lost a significant amount of their
grains. This will lead to anverestimation of the losses in graguivalent. The
second limitation is that the grain weight obtained after threshing is, by
construction, net of threshing losses. Using this amount to calculate théagrain
cobs/ears ratio at harvesting is likely tadeto an underestimation of the
guantities of grain lost at harvest. However, the first limitation (overestimation)

is likely to dominate the second one (underestimation).

The quantity lost at harvest is obtained by summing up the weight of grain
remainingon the ground after harvesting and the weight of cobs/ears in grain
equivalent. The percentage loss is calculated by dividing this amount by the sum
of the quantities harvested and quantities lost at harvest.

Threshing or shelling

The harvest from the yielding plot is threshed or shelled (for maize) according
to the method used by the farmer. After this process, the grain obtained and the
discarded plant material (straw, etc.) are weighted sebarat sample of 250g

of the discarded straw is taken and the grains in this sample are collected and
weighted. This amount is then multiplied by the total weight of straw and divided
by 250 to estimate the weight loss at threshing or shelling for thetesdle
yielding plot.

18



Cleaning or winnowing

The grain obtained after threshing or shelling is then cleaned according to the
method used by the farmer. After this process, the clean produce and the
discarded unclean grastraw mixture are weighted separgteA sample of

2509 of the discarded grastraw mixture is taken and the grains in this sample
are collected and weighted. This amount is then multiplied by the total weight of
the grainstraw mixture and divided by 250 to estimate the weight loss at
cleaning/winnowing for the selected yielding plot. The measurement operations
are illustrated in figure 4.

Figure 4. Measurement of HPHL.

Quantity harvested

fi th bplot
Subplot (s) N L(S) = L(s) . [area(S)/area(s)]

Expansion to
the plot

L(s) =loss. [Qr/250]

Expansion to
the subplot

Cleaning

Weight of grain
remaining (loss)

Several biases may affect the accuracy of these measurements. The most evident
ones are described below:

i Postharvest oprations are not necessarily all performed immediately
after harvest. In many cases, for example, the unthreshed or unshelled
crop is stored in bundles, bags or left on the field (in heaps or stooks).
The threshing or shelling is done whenever the houdeheéds the
produce to consume or to sell. In this experiment, the harvest and post
harvest operations were done in sequence; therefore, the loss estimates
may not be fully representative of the actual farming practices followed
in the two districts;

1 Somefarmers, especially in the district of Kintampo North, commonly
use machines to shell, clean and dehusk maize. In this experiment, it was

19



assumed that farmers carried out these operations manually. Therefore,
the results are not fully representative & thrming practices commonly
used in Kintampo North district.

The stored quantities were estimated in different ways: all farmers of the sample

were asked to report the quantities stored from the current or past harvest; for

the farmers selected for physical measurements, the stocks for the selected crop

were estimated by asking the farmer to report the amount in store at the time of

each visit and any additions or withdrawals between each visit. Three visits were

made, oncewery month, during which samples of grain were taken and sent to

SARI " s | aboratory for anal ysi s. Far mer s
financially nor in kind, for the samples of grain taken from their stock.

Measurements and laboratory analysis

Immediatey after the harvesting of the yielding plot and the completion of the
various posharvest operations, the enumerators were asked to take a first
sample of grain from the storage facility. The teams followed a specific
procedure: if possible, they selectat samples (1kg2kg) from two different
observational units (generally a bag) using multicompartment spears. When
simple spears were used, enumerators were advised to pick samples at different
points of the bag. Then, the two samples had to be homodgmoeged, for
example through coning and quartering, and a new sample-2Qldyg was
selected from this homogeneous mixture. T
laboratory for analysis. This procedure was repeated two additional times at
monthly intervalseach storage facility in the selected farm was therefore visited
three times over a threaaonth period and three samples of the same crop were
sent for laboratory analysis.

This procedure is relatively lengthy because it must to cover a sufficiently long
storage period to capture meaningful losses. The time period should be chosen
in function of the storage practices prevailing in the selected country; however,
three months is generally considered as the minimum. A period of six to nine
months covering theentire agricultural year would have been preferable;
however, this was not possible due to time and budget constraints. Experienced
enumerators should be assigned to this task, as taking grain samples in the
required manner can be complex; the fieldwonkwdd be well planned and
organized so that the samples can reach the laboratory as quickly as possible.
The activity is therefore complex and relatively costly; however, it does not have
to be carried out each year as loss percentages during storagkkafg to vary
significantly from year to year under normal conditions. As an indication, the
20



costs related to this activity represented approximately 30 percent of the total
fieldwork expenses of this field test.

Figure 5. Weighing of a sample of millet (SARI, February 2017).

The following measurements were carried out:
1 Weighing of the grain samples received;
1 Measurement of moisture content;
1 Separation of damaged from undamaged grains;

1 Identification of the cause of damage (insect, fungi, other);

==

Counting and weighing damaged and undamaged grain.

The results of these analyses have been recorded in the forms provided for this
purpose. A detailed guide for laboratory assistants has been prepared and
provided to SARI to ensure that they will be undken as indicated and in a
consistent way.

21



Figure 6. Separation of damaged and undamaged grain (SARI, March 2017).

Note These measurements and the resulting loss estimates must be interpreted
with care. Some of the limitations affecting th@seasurements are discussed
below:

1 A perfectly random sample of grains is not easy to collect. First, the
produce may not be stored in bags but in bundles, as is often the case for
millet and sorghum in traditional farms, or in large granaries or silos.
This complicates the selection of a random sample. Second, the grain
that is stored may come from the previous harvest (especially in
Kintampo North, that has two seasons) or may not come from the
farmer’s field. The stor eidentifieddi t s ( bags
before selecting samples.

9 Grain samples need to be sent to the laboratory for analysis. This means
that if the produce is stored in cobs/ears and threshed by the household
on an ameeded basis, the enumerator will have to thresh the crep him
or herself before picking the sample and sending it to the laboratory. The
characteristics of the grain (moisture content, pest infestation, etc.) may
be artificially altered, compared to what they are in practice when stored
unthreshed or unshelled. Thesulting loss estimates may therefore not
be fully representative of the actual pbstvest and storage practices.
This potential bias could have been partially mitigated by stratifying the
farms according to storage practices (threshed/unthreshed afopk)
and estimating losses separately for each stratum.

1 The physical characteristics of the produce might have been altered from
the time the sample was taken from the storage facility to the moment it
reached the laboratory. The teams were instructedidpatch the
samples as quickly as possible and to the extent possible, given the
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logistical arrangements in place and the distance between the laboratory
and the two districts.

Calculation of percentage losses

Percentage losses during storage are dyrecticulated, using the laboratory
measurements. The count and weight method is used, based on the formula
proposed by Harris and Lindblad (1978):

: po . 0,
a — —&» -— W
W U U

where:

1 & is the percentage loss estimated for a given houselsitéd/in
montho;

f 0 isthe number of undamaged graios ¢the corresponding weight);
! 0 isthe number of damaged grains (the corresponding weight); and
f 0 0 0 isthe total number of grains in the sample.

A more intuitive version of thidormula can bedetermined by using the

proportionality between the weight of each portion of the grain sample (damaged
and undamaged) and its size in terms of number of grains: | 0 and

w | 0 ,with| (respectively ) the average weight of an undamaged
grain (resp. damaged). The following inequalities should hold: T, | T
and | |  (on average, an undamaged grain should weigh more than a

damaged grain). Using these notations, it is possible to show that:

. 0 | |
a -_—
Y |

The percentage storage loss is equal to the percentage difference between the
average weights of undamaged and damaged grain, weighted by the share of
damaged grains in the total number of grains of the sample. For example, if
damaged grains weigh on average 25 percent less than undamaged grains and if
damaged grains represent 50 percent of the sample, the percentage loss estimated
for this sample will be 50 percent x 25 percent = 12.5 percent. This formula
shows that this methodccurately measures weight losses, but disregards
gualitative losses.
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The primary objective of this study is to measure percentage (or relative) losses,

and not absolute losses expressed in physical units. Peresratee generally

more stable and less prone to biases than absolute indicators. In any case,

absolute losses can be obtained from percentages by applying the loss
percentages to the harvested quantities, provided that the latter are properly
measured. TBi secti on presents t his study’ s n
parameters of interest and describes the statistical procedure used for their

estimation.

The objective of this study is to estimate average ptageriosses for:
1 Harvest

1 Postharvest operations, broken down by type of operation:
o Threshing or shelling
o Cleaning or winnowing
o Drying (only for the declarative survey)
o Transport (only for the declarative survey)
o Onfarm storage

1 Two aggregates: (i) PHLand (ii) HPHL (known as posgiroduction
losses)

These parameters are estimated by crop and by type of measurement method
(objective measurements and far mer s’ dec|
drying | osses, which ar e ns.mheysurndeyased on
variables used to estimate the parameters of interest are described in table 2.
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Table 2. Variables, notations and formulae.

Variables Absolute (kg) Relative (%) Comments
All variables refer to a
Quantities: single agricultural
household / holding
Harvested O
Brought to:
Threshing/shelling Y
Cleaning/winnowing 0
Drying 0
Transportation Y
Storage Y
Losses during:
0 ‘'O 0 isameasure of
Harvesting 0 a ol potential harvested
v quantities
Threshing/shelling 0 a U_Y
Cleaning/winnowing 0 ot U—
0
. . 0
Dryin 0 a  —=
ying o)
Transport 0 ¢ Y
¢V
Storage 5 .0
declarations) o 5
0 aVvisits;a is the
Storage(objective ‘ per(_:e_n"cage storage losg
R TETIG a at _VISItO calculated
using the count and
weight method.
Aggregates:
pHL| Y =Y U & -
v (@)
HPHL 0 a b Y
y 0 0
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Average crop yields

For a given crop and district, the average yibl@in kg/ha) corresponds to the

ratio of the estimated harvest to the estimated planted area for this district. This

can be calculated by calculating the average of the estimated yields for each EA

wei ghted by the esti mat esdropsalear e of each E

O —mad

where:
. 0o ... "00
w — Al A —
Oo Oo
with:
O 0 8OAT D6 0 800

The variabley is the sample weight attached to houseliQ{dee box 1 for
details on how these weights were obtain&d} is the area planted by this
household for the selected crop dMds the sample of households in A

The average yield for the two districts is calculated by taking the average of the

two yield estimates, weighted by the respective share of each district in the total
estimated crop area.

Average crop losses

The estimation procedure is the same for percentage crop I@sses (

& —nf&

wheren is the denominator relevant fibre type of loss measured. For example:
n 'O 0 forharvestlosses, “Yforthreshinglosses and so on for the other
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operations (see table 2 above for the full list). Further details on the estimation
procedure are available in Jagal (2015)% amag others.

Variances, standard deviations and confidence intervals

Confidence intervals have been calculated for the key parameters. These reflect
the variance in the average estimates due to the sample selection process. The
details of the calculation aprovided in annex 1.

Box 1. Determination of sample weights.

The sample weight of a given household is equal to the inverse of the probability of selecting
this household in the samplé: P « . The weights are different for the estimates basgd on
objective measurements because these estimates are based on a subsample of the households in
each EA. The selection probabilities are the following:

Households selected for inquiry only:

“ q B— 8 =

Households also selected for objective measurements:

- 8 Yo © 8y

with 0 B . 0 being the total number of farms in E@and 0 B  being the tota
number of farms in the district.
Had the number of households in each EA remained as initially planned (14), the weights would
have remained unchanged and equal in each district. However, due to partial nonresporjse and to
the rejection of certain records during the data analysis stage, the number of usable households
in certain EAs is sometimes lower than initially targeted. The initial weights have therefore been

adjusted as followsh) —. 0, where¢  p Tis the effedive number of usable households in

each EA.

6Jh&, Wi, shwalRa KuhamaldRaA & Di xA.tR.0 IRBe.pomtssessment
ofguant ihtaa tvaensgto-B i r vieosste na j or ogprsd o mmo diirt m @& is a
Publ ichbhAddidmdioonr d Reate®d o p dotslaar Vieexcthn ¢1 €4 R) :
Ludhilarda ,a.
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The budget allocated to this field test was USD 84 945. This amount covered all
costs related to collection, including the training of enumerators and data entry
(see table 3 below); however, it excluded the time worked by GS consultants and
the cost of thir missions to Ghana. The survey costs per sample unit surveyed
amounts to USD 152, which makes it a relatively costly survey for a developing
country such as Ghana. This is due to the complex and lengthy field experiments
that involve cropcutting and dter farm operations. If such a survey were to be
implemented at full scale, the unit cost would be lower because some of the cost
items — such as training, data entry and processi@re not perfectly
proportional to the size of the sample.

Table 3. Budget for the survey.

Cost
Training of data collection teams 30920
Fieldwork 48 12%
Data entry, validation and processing 2 400
Laboratory analysis 3 500
Total 84 945

Note: All amounts in USD.

"I'ncldaislsiyosi al Powlroecaeqgslar t i ti aandccompanyifrig

(dr iavdemisni st aftd@odwsktisrad thrga ifmmicng t &t eedmer vy,
SIncldaislaypst @ah ¢ ® wha oecneusme rsau perrsg nd o ir wew esla s
hirafinghi tuedsitnssucave®adetiguwmegst i anmias ¢celsl aneous
expenses.
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Data Collection and Field
Work

Two trainings were organized for the data collection teamse in Kintampo
North and one in Sawla-in October 2016. The participants were the field staff
(approximately ten enumerators and two supervisors per district), the district
level management teams of MoFA and key staff from the SRID headquarters.
The trainings were led and facilitated by GS consultants and by Mr Godsway
Banini, Deputy Director of SRID.

During the trainings, the nine questionnaires were each presented iraddtalil
discussed with the participants. In addition, field measurement techniques were
presented, discussed and demonstrated, such as the technique for field
measurement and placement of the yielding plot. The questionnaires were also
pilot-tested on two faners during interviews lasting one to two hours each.

Although the teams consisted mostly of experienced enumerators and
supervisors, there was no significant experience in PHL surveys. The trainings
were therefore useful in clarifying some of the most pl@x concepts, as well

as in providing additional insights on how to conduct the interviews and field
measurements to reduce potential biases. Methods that were new to the teams
were also presented (such as the approach to placing a yielding plot at) a fiel
and were generally well understood and adopted.

The participants provided relevant feedback to the GS consultants regarding the
content and structure of the questionnaires, especially its relevance to the context
of Ghana: measurement units (bd%stc.) were adapted to reflect local market
conditions and some modules were restructured. For example, the existence of
two cropping seasons in Kintampo justified the inclusion of an additional item

Fopracteasthdas,aifndtrindeatca | | e cetaitmism o v eSla wiwas
or ganmiBodtadhnee i g h bdoiusrtirnigct .
VT hfei ¢ ledwesrf @ miwiitahkege qui vat bneotnss t aimdAcscdo rtdoi n g
t htee asns ¢ In iatd ® q uraet fellayc ttfwsakl npirnagc t i c e s .
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in the questionnaire to specify whether the data repdayethe farmer referred
to the current or the past season.

This section describes how the fieldwork was organized to collect the required
data in the selected districts and EAs.

In each district, two teams made up okfenumerators and one supervisor were
formed. Each team collected data from ten EAs. A total of 20 EAs were therefore
covered in each district. The overall field exercise was coordinated by the
municipal or district Directors of Agriculture for each distriHence, the data
collection team in each district consisted of thirteen officers from MoFA.

The field data collection activities in the districts were preceded by a
sensitization exercise. The objective was to alert the farmers and the wider
communityto the PHL survey and solicit their support.

The entire exercise was divided into four phases, as illustrated in table 4 below,
to ensure proper planning of the data collection activities. During each phase,
the supervisors visited the field at letisee times.
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Table 4. Work plan for data collection and measurement activities.

Phase /Ia\\lf)t Activity Start date End date
A Sensitization/verification 7 November 2016 | 12 November 2016
1 of selected holders
B Household enquiry 15November 2016| 26 November 2016
A Field area measuremen{ 28 November 2016 31 December 2016
2 -
B ;';‘;emem ofthe yield | e November 2016 28 January 2017
A ;ao?s’es"”g ofthe yield | )¢ November 2016 28 January 2017
3 —
g | Determinationoflosses o\ o mber 2016 28 January 2017
from the yield plots
Sampling of harvested
4 A stored grains for January 2017 March 2017
laboratory analysis

During the fieldwork, SRID undertook twaonitoring visits to the two districts.

Two teams made up of four members of staff each were allocated to each of the
two districts. FAGGhana also participated in these visits to monitor the field

operations in the two districts.

The

The first visit was in November 2016. The mitoring team edited completed
questionnaires (FHO, FH1, and FH2). The team also discussed all necessary
corrections with the field enumerators and supervisors and advised them to take

t eams

Checking completed questionnaires;

Choosing randomly an EA to visit; and

Discussing with field enumerators the challenges they face and provide

solutions, where possible.

" enceefor the moaitoring wsits éncluded:
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some of the questionnaires back to the field fdilliag. The team lhen took the
completed questionnaires without errors to Accra for data entry.

The second monitoring was in January 2017. The monitoring team edited the
completed questionnaires (FH3, FH4, FH5 and FH6). All anomalies detected
were notified to the field emoerators. The team randomly chose an EA and
crosschecked the yield plots established.

The survey was also closely supervised by district Directors and Supervisors.
They checked the completed questionnaires during field visits, observed the
enumerators dumg questionnaire administration and provided technical
backstopping where necessary.

At the end of each phase of data collection, enumerators submitted their forms

to the supervisors for crosschecking and data quality control before submission

to the SRIDheadquarters in Accra. In some cases, the data were cleaned and
enumerators were asked to return to the field to repeat some data collection and
measur ement activities. During one of t
detected that the weighing scaleyided was unable to weigh the 100 grains of

millet. A more sensitive scale was found to continue with the work and ensure

data quality.

The execution of the PHL survey had to face a number of challenges, the major
ones being the following

1 The late start of the survey: in Sawla, part of the maize fields had been
harvested before the start of the survey. Additional fields had to be
selected to make up for these missed fields.

1 The weighing scale was not sensitive enough to weigh chaffatied
grains, such as a quantity of 100 millet grains. This affected the quality
of some of the measurements.

1 Issues with some sections or questions of forms FH3 and FH7 did not
conform with the realities on the field, and therefore needed to be

correctecand adapted.

1 Sociocultural practices such as funerals and other rural engagements
negatively affected planned data collection and measurement activities.
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4
Data Entry and Compilation

The Census and Survey EBessing System (CSPro), a standard software
developed and maintained by the U.S. Census Bureau, was used for data entry.

The data, collected on paper forms, was entered into CSPro on a continuous
basis, as the clean and validated questionnaires were ggceom the two
districts. The data entry started with the enumeration forms (FHO and FH1) and
ended with the forms on the measurement of storage losses through enquiries
(FH7) and laboratory analysis (FH8). This process enabled reduction of data
entry time compared to an approach in which the information contained in all
the questionnaires had to be entered at once.

The data entered into CSPro underwamiange of validation checks, most of
which were directly implemented in the data entry masks. Thesekgh
consisted first in ensuring that the identifiers (at plot, field, household, EA and
district levels) had been correctly entered. In addition, several consistency rules
were applied to identify issues in the reporting of the information by the
enumeratrs. For example, the total farm area reported was compared to the sum
of the area reported for the four crops. Additional rules checked whether the
reported quantities harvested were larger than the quantities handled at the
different processing stages$i@shing, drying, etc.).

The application of these rules led to the identification of a certain amount of
inconsistencies and the rejection of some questionnaires. These questionnaires
were sent back to the supervisors for clarification. In some casasiibevisors

were asked to collect the required information from the farmers again.

Although this process delayed data entry and the final delivery of the data sets,
it ensured a minimum level of data quality. The effort devoted to this work might
have beenconsiderably reduced if the data had been collected with an
appropriate CAPI application, with builh consistency and validation checks.
However, CAPI was not used in this survey for reasons described in g&ction
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After completion of the data entry stage, databases in .csv and .xIsx formats were
generated and sent to the GS. Each form (FHO to FH8) is associated with three
data setsthe first containing basic information on the survey (name of surveyor,
identity number, date of survey), a second with the data collected from farmers
and a third containing the metadata for each variable (variable code, description,
etc.). As the enunmators visited the same household three times for the storage
loss assessments, three sets of data are available for forms FH7 anraiRé8

for each visit.

The data was collected for four different statistical units: households (forms
FHO, FH1, FH3, FH7 rad FH8), household members (FH2), fields (FH4 and
FH5) and vyielding plots (FH6). As identifiers have been given to each unit,
relationships can be established between each of them. For example, losses
obtained from the yielding plot (FH6) can be extrapadab the measured field

area (FH5) and to the entire cultivated area for this crop in the concerned
household (FH4), using plot, field and household identifiers as matching
variables.

Despite the care that waexercised in data collection and the validation and
consistency checks applied during data entry and the field verifications, a certain
amount of inconsistent data, missing values or incorrect information remained
to the final data sets. To mitigate thénpact on the quality of the final
indicators, the data was cleaned and, when possible, the missing information was
imputed.

These operations included:

1 Imputation of the missing data on the weight in kg of nonstandard units
(cocoa bags, koko bowl, etai$ing the median unit weight;

1 In form FH6 (loss assessment through measurements), part of the data
was reported in kg when grams were expected: these cases were
identified and the incorrect data converted back to grams;

1 Consistency rules were applied tatal from form FH6: the harvested

guantities should be higher than the losses at harvest, the weight of grains
in 2509 of straw after threshing cannot be higher than 250g, etc. The 24
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households that did not pass these tests were eliminated from the final
data set;

The largest outliers (top and bottom 2.5 percent of the observations) for
some of the key variables (area planted, losses measured at harvest,
threshing, etc.) were identified and eliminated;

The sample weights were adjusted to account for razhgcth effective
sample size due to the rejection of some records and to partial
nonresponse. The adjustment method used was simple calibration,
adjusting weights by the ratio of targeted sample size to the sample size
of the responding farms, as describebox 1 above on the determination

of sample weights.
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Data Analysis and Main

Findings

A total of 560farms were visited and interviewed, equally distributed across the
two districts. Of the 560 farms interviewed, 475 had planted maize (table 5), the

country’s

Table 5. Distribution of the farm sample by planted crops.

maj or

crop.

Sorghum and
respectively, mostly located the district of Sawla. Millet was present in 190
farms, almost exclusively in Sawla.

All farms (n = 560)
Crops All districts Kintampo Sawla
Millet 190 2 188
Maize 475 249 226
Rice 135 44 89
Sorghum 287 47 240

ri

The median planted area by farm varied from 0.4 to 1.2 ha, depending on the
district and crop (table 6). The median cultivated areas were lowest for rice (0.4

ha) and highest for sorghum (1.2 ha). The planted areas in Sawla tend to be larger

than in Kintanpo (figure 7).
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Figure 7. Farm size (ha) by district.
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Table 6. Median cultivated areas by farm.
Hectares (ha) Median
Crops All districts Kintampo Sawla
Millet 0.8 - 0.8
Maize 0.8 0.8 0.8
Rice 0.4 0.4 0.4
Sorghum 1.2 0.4 1.2

Farmers provided own estimates of quantities harvested (in nonstandard units)
and area planted (in acres) for thaiin crop The quantities were converted to

kg using conversion factors provided by the SIRD. Crop vyields in kgéra w
estimated for each district according to the procedure described in s@ction
above. Results for rice in both districts and sorghum and millet in Kintampo
shoud be interpreted with care given the small sample sizes (for the latter, given
that only two farms were concerned, results were not disseminated).

On average, over the two districtie yields—estimated at 1.5 tons per hectare
(t/ha)— are superiord those of other cereals (table 7). The yields for maize and
sorghum are estimated at just under 1 t/ha. For sorghum, the average yields in
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Kintampo are significantly higher than in Sawla. Overall, these yields are
consistent with recent estimates calcedbby the SIRD through the GAPS.

Taking the average vyield estimated for the two districts, the confidence bands
indicate a limited dispersion of the estimates around the average, except for rice.
For this crop, which is found in relatively few of te@mpled households, there
is an estimated 90 percent chance that the yield is between 1.4 and 2.7 t/ha.

Table 7. Crop yields from farmers’ declarations.

Yield (kg/ha)

Averages Confidence intervals (90%)
Main crop dis'?::cts Kintampo | Sawla All districts Kintampo Sawla
Millet 562 - 537 [559 — 621] - [534-597]
Maize 969 984 936 [965 -1 032] [980-1 048] [927-1085]
Rice 1472 1513 1116 | [1402-2682] | [1435-2860] | [1076-1814]
Sorghum 833 1584 790 [825 — 974] [1533 - 2 464] [782 —930]
The procedure adopted by enumerators to m

i s di scus 2B.3abaoven The samplel obhouseholds selected for yield
and loss measurements is a subsample: in eachelghAt out of the 14
households were selected for objective measurements. In addition, as discussed
in section 4.3, additional records were excluded due to insufficient data quality.
The number of available records to calculate crop yields was therefore
corsiderably lower than for declaratidiased estimates, especially for millet,

rice and sorghum (table 8). The results presented in this section should therefore
be interpreted with care.

Table 8. Number of fields by crop.

Number of fields by crop
Crops All districts Kintampo Sawla
Millet 20 0 20
Maize 126 104 22
Rice 13 6 7
Sorghum 52 3 49
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Table 9. Crop yields from objective measurements.

Yield (kg/ha)
Averages Confidence intervals (90%)
Crops disAt\::cts Kintampo | Sawla All districts Kintampo Sawla
Millet 1068 - 1068 | [959 -1 275] - [959-1 275]
Maize 2272 2270 2282 | [2189-2429] [2177-2 447] [2124-2582]
Rice 1887 2182 1176 | [1190-3212] [1 203—4 044] [890-1 720]
Sorghum | 1430 1065 1486 | [1308-1662] [428 — 2 276] [1385-1678]

The average crop yields estimated through objective measurements are larger
than those reported by farmers. The difference is marked for maize, with 2.3 t/ha
comparedo 1.0 t/ha, respectively (table 10). The two different methods provide

a similar ranking of the crops according to their yield: maize and rice have the
highest yield, sorghum and millet the lowest. Objective measurements place
maize as the highest yietdj crop, and not rice as for the estimates based on
farmer reporting.

As illustrated by the confidence bands, the precision is lower for objective
measurements. This is because of the smaller sample size and, probably, also
because of the higher complexiy the measurement operations. Indeed, the
latter increase the risk of mistakes and differences among field teams in the way
operations are conducted, leading to a higher dispersion of the results. The
overlapping confidence bands for rice indicate tln difference in yields
between the two methods is not statistically significant, contrary to the other
crops.

The fact that yields estimated from objective measurements tend to be higher
than those based on farmer reporting is in line with the findingseofecent
literature, several studies having reached similar conclusions for different crops,
agroclimatic zones and study designs. Vereta al. (1998)! provides
comprehensive evidence on yield estimation for five African countries (Benin,
Central African Republic, Kenya, Niger and Zimbabwe). One of their findings

is that production estimates based on aofting techniques are on average 30
percent higher than farmeeported production.

Some studies have investigated the causes of this differenceeduits of a
recent research project in the United Republic of Tanzania, led by the GS,

Lver waMar chfaft oG.et.ll198Bval uaft i opmet haondidar mer
repdrogst i martgmgdu Reeisoohfda met hodod towgdrciader i can
countdlroingsagr ec Dletvel a®eneinttd ondon.
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indicated that one of the possible explanations is that production estimates based
on farmers’ decl arations are re
tend to overestimate the size of their plots, resulting in underestimated Yields.

Table 10. Crop yields (average for the two districts): Farmers’ declarations versus
objective measurements.

| at i

Yield (kg/ha)

Far mer s’

dec Objective measurements

Millet 562 [559— 621] 1068 [959—1 275]
Maize 969 [965— 1 032] 2272[2 189-2 429]
Rice 14721 402—2 682] 1887 [1 190-3 212]
Sorghum 833 [825- 974] 1430[1 308—1 662]

Percentage losses for the various harvest andhaogést operations were
basi s orhain fcraps e r s
estimation procedure is explained in seciabove.

esti

Estimates of HPHL over the two districts (table 11) range from 2.9 percent
(sorghum) to 9.5 percent (maize). The confidence intervals indicate a relatively

mat ed

on t he

low dispersion of the results, with the exception of ricealaeady noted in the
case of yields. The larger standard deviations obtained for rice are due partly to
lower sample sizes and probably also to differences in farming practices and
technologies. Additional investigations are necessary to test this egpoth

There is a significant difference between the two districts, with higher losses
occurring in the district of Kintampo for all four crops of this study. This can be
explained, at least partially, by the differences in climate conditions: in

Kintampo, where rainfall is higher than in Sawla, crops generally require

additional drying and are more likely to suffer from degradation and losses due

vel vy

decl

to a higher moisture content. Conversely, crops in Sawla are generally harvested

dry and quickly moved to therfam” s
between the two districts may also suggest a potential lack of uniformity in how

storage facil

the data on losses was obtained from the farmers.

2Mordeet @it hstsuadgev ai bglohhe achhet nlgd rhE spor t .

ity.
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Table 11. Harvest and post-harvest losses (farmers’ declarations).

Harvest and post-harvest losses (%6)

Averages Confidence intervals (90%)
Main crop . AI! Kintampo | Sawla| All districts Kintampo Sawla

districts

Millet 5.0 12.4 4.4 [4.9-5.2] - [4.3-4.6]
Maize 9.5 12.3 2.1 [9.3-10.1] | [12.1-12.9]| [2.0-2.3]
Rice 5.1 5.2 4.0 [4.4-7.0] [4.3-7.4] [3.56-5.2]
Sorghum 2.9 11.1 1.8 | [27-35] | [9.6-14.8] | [1.7-1.9]

The breakdown by task shows that losses occurring during harvest are highest
(figure 8), immediately followed by threshing/shelling losses, measure far
greater than those sustained during transport and storage. It is worth noting that
given that the quantities handled during harvesting are greater than or equal to
the quantities handled at later stages (threshing, drying, etc.), this result al
holds for losses in quantity terms. This predominance of harvest losses over other
types of losses is confirmed by the African Postharvest Losses Information
System (APHLIS}Y, which provides typical percentage harvest losses-8f 4
percent, above othéinks of the posharvest chain.

Rice stands out because its losses are the highest during cleaning. This can be
explained by the specificity of the pgstoduction process for this crop, which
involves several operations before becoming ready for congampt selling.

Once threshed, the paddy may undergo several stages of processing, such as
winnowing, destoning and milling (dehusking, polishing, etc.), with losses
occurring at each stage. It is possible that these losses have all been included
underte “ Cl eani ng”’ headi ng, as there
guestionnaire.

Bwww. aphlis.net
41

was

n (


http://www.aphlis.net/

Figure 8. Crop losses based on farmers’ declarations, by operation (%, all districts).
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The loss estimates based on objective measurements are provided as averages
for the two districts (table 12). The estimation procedure is detailed in sBction
above.

Average harvest losses for maize are estimated at 9.0 percent, followed by
threshing (3.4 percent), cleaning (4.5 percent) and storage (4.1 percent). For rice,
losses are the highest during harvest (11.1 percent) and cleaning (&@t)perc

and the lowest for storage (1.4 percent), although for the latter, the breadth of the
range of plausible values (0.1 percent to 4.1 percent) makes it impossible to draw
any clear conclusions. Loss patterns for millet and sorghum are similar, with
haivest losses being the greatest (6.4 percent and 4.3 percent, respectively) and
much lower losses for the other ppsbduction stages.

The calculated confidence intervals indicate that the gap between harvest losses
for rice and maize is not statisticaflignificant. The difference between harvest
losses and losses during other operations, with the former being higher than the
latter, is statistically significant for all crops, reaching the level of 10 percent.
The confidence bands for rice are wider tf@rthe other crops, as shown earlier

in this report for yields (declared and measured) and declared losses (cf. previous
section).
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Table 12. Crop losses by operation (objective measurements).

Averages Confidence intervals (90%0)
Harvest| Threshing| Cleaning| Storagé* Harvest | Threshing| Cleaning Storage
Millet 6.4 17 2.1 1.0 [5.8-7.9] | [1.6-2.1] | [1.8-2.6] | [0.7-1.6]
Maize 9.0 34 45 4.1 [8.6-10] | [3.3-3.8] | [4.3-4.8] | [3.3-5.8]
11.1 2.7 6.0 14 [8.7-16.9] | [2.4-4.0] | [4.2-8.6] | [0.1-4.1]
Sorghum 43 1.2 1.2 25 [3.9-53] | [1.0-21] | [1.0-14] | [1.7-4.2]

The profile of storage losses occurring over time indicate an increase in the
percentage losses noted during the second visit (approximately one month after
the first visit) for the four crops. The measurements made on grain samples taken
at the third andast visit indicate slight decreases in the losses registered for
maize, rice and millet. However, given the standard deviations and confidence
bands for storage losses, these differences are not statistically significant.
Conversely, storage losses in@ealuring the last visit; however, in this case
too, the variations in the estimates do not allow unequivocal conclusions to be
drawn. Grain losses during storage are normally expected to increase with
storage duration. However, as indicated by Statheasnbell and Mvumi
(2013)%° this effect generally kicks in after the third month, when insect
infestation starts to reach seriously damaging intensities. This may explain why
the changes in storage losses over timeneséid here are not significant

Figure 9. Storage losses over time (%, all districts).
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In this study, field measurements have led to higher loss estimates than farmer
reporting (see figure 10). For maize, losses at harvesttneated at 9.0 percent

and 4.1 percent, respectively. Similar observations can be made for the other
crops and other posrroduction stages (threshing/shelling, cleaning, and
storage). These differences are statistically significant, as evidencedripnthe
overlapping confidence bands.

The literature comparing these two loss estimation techniques is scarce. Among

the few studies available, tlostHarvest Loss Assessment Survey in Malawi

conducted in 201 has confirmed this finding: maize losses atavested at 9.7

percent when using measurement techniques, well above the estimatdf 1.5

percent obtained through farmers’ decl ar a

Figure 10. Maize losses: farmer-reported versus objective measurements, by operation
(in %, all districts).
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The estimates are in line with evidence from the recent literature

Ratinger (2013Y compiled information from different studies for different
countries and regions. For Ghana, he provides HPHL estimates for mahe

range of 7 percent to 14 percent. A survey conducted in 2013/2014 in Kalawi
estimated HPHL for maize (as reported by farmers) at 10.7 percent. Our estimate
of 9.4 percent for declared losses is consistent with these figures.

For rice, Ratinger2013) indicates total losses of 11 percent in Uganda, close to
the estimate provided in this report on the basis of objective measurements.
Appiah et al. (2011) estimate total PHL (at harvest, threshing and drying) for
rice to be between 4.6 percent and9lgercent, depending on the rice variety

and production practices. The same authors estimate harvest losses to fall within
the range of 3 percent to 12 percent. Our estimate based on field measurements
(11.1 percent) is in the high end of this range, vbiir farmeibased estimate

(2.9 percent) is o