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Larger Objectives:

| Advance toward real-time data
Il Track spatially explicit price dynamics
lll Look beyond areas where formal measurement of prices takes place
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CPI| Data challenges:
© Often lags, particularly during crises when prices deteriorate rapidly
© Is not easily unbundled into prices of distinct goods (e.g. domestic wheat prices)
© Highly urbanized, covers markets that do not serve the majority of poor

Desired capabilities:

4+ Gain real-time insight beyond what is formally measured
+ Deployable during crises, when deliberate sampling processes are prohibited
4+ Commodity-specific
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Combining survey
and Imputation



| Filter the data for outliers ol B+ |

Relies on non-parametric methods that search for irregularities in dli butions. Outliers will be
converted to missing data points

> |l Multivariate-imputation

A regression-chain approach that differs from existing approaches such as MICE in that each step
involves a fully optimized and cross-validated machine learning model.

lIl Intra-month price spreads are estimated

Involves a Fractionally Integrated GARCH model (Generalized Auto-Regressive Conditional
Heteroskedasticity) using a Generalized Error Distribution. Then integrating under the distribution
around each price point to obtain Conditional Expectations for intra-month High and Low points.



The missing data problem

Three hypothetical vectors of price time series, with elements
a;, by and c; being individual price quotes indexed by time t.

Blank entries represent missing observations.

The challenge is to estimate change rates AP of the basket

price vector P=A+B +C, forallt=1,...,6.
a; b,
b, ()
as C3
Ay b,
be Ce

Element b, is an example outlier price which needs to be
removed and replaced with an estimate.



Problems with traditional
methods cont.

A regression imputation is impossible:
» 55% of entries have an element
* 0% of rows are complete

|deally, we still want to exploit the information held in
price ratios:

Pairs (ay, by), (b2, ¢2), (as, ¢3)
and so forth.

a, b,

b, Cy
as C3
Ay b,



>  Set all missing entries at some sensible

i
il
> lterate the following:

Replace previous imputations in Apples using predictions based on Bananas and Coconuts

Replace previous imputations in Bananas using predictions based on Apples and Coconuts
Replace previous imputations in Coconuts using predictions based on Apples and Bananas

>  Stop when the predictions don’t get any better.
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Some general observations:

« Typically, more price items results in better accuracy. Prediction quality also
Improves when inflation (deflation) is strong compared to volatility.

«~ More markets, increases heterogeneity so demands more price items and
observations to maintain performance.

+ When the majority of data is missing, the quality of imputations can still be
comparable to the accuracy of direct measurement.



Toward real-time ‘gt
local food prices: =

A

Example results Afghanistan



Food Price Estimates Afghanistan |

Example simple 3-component index:

Bread (1 KG), Rice (Low Quality) (1
KG), Wheat (1 KG)

Averaged over 40 markets.

Estimates are updated automatically
in the MicroData Library

Each candle consists of an Open,
High, Low and Close price, with
candle size reflecting intra-month
price spreads. The black dotted line
IS a 12-month moving average, the
gray shaded are envelopes plotted at
a 12-month standard deviation level
above and below the 12-month
moving average and can help
determine whether prices are high
or low on a relative basis.

Afghanistan Food Price Index (LCU) 2010 =1 2007-01-01/2022-05-01
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Food Price Estimates Afghanistan Il

Afghanistan rice (1 KG) 2007-01-01 / 2022-05-01

Example of individual price item
Rice (Low Quality) (1 KG) in LCU.
Averaged over 40 markets.

Estimates are updated automatically
in the Microdata Library

Each candle consists of an Open,
High, Low and Close price, with
candle size reflecting intra-month
price spreads. The black dotted line
IS a 12-month moving average, the
gray shaded are envelopes plotted at
a 12-month standard deviation level
above and below the 12-month
moving average and can help
determine whether prices are high
or low on a relative basis.
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Food Price Estimates Afghanistan Il

2007-01-01 / 2022-05-01
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Example of individual price item at
a local market

Wheat (1 KG) in LCU.

Estimates are updated automatically
in the Microdata Library

Each candle consists of an Open,
High, Low and Close price, with
candle size reflecting intra-month
price spreads. The black dotted line
IS a 12-month moving average, the
gray shaded are envelopes plotted at
a 12-month standard deviation level
above and below the 12-month
moving average and can help
determine whether prices are high
or low on a relative basis.

Kandahar wheat (1 KG)
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Food Price Estimates Afghanistan IV

Example of price controls breaking
Bread (1 KG) in LCU.
Price at a single market.

Estimates are updated automatically
in the Microdata Library

Each candle consists of an Open,
High, Low and Close price, with
candle size reflecting intra-month
price spreads. The black dotted line
IS a 12-month moving average, the
gray shaded are envelopes plotted at
a 12-month standard deviation level
above and below the 12-month
moving average and can help
determine whether prices are high
or low on a relative basis.

Gardez bread (1 KG) 2014-01-01 / 2022-05-01
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Annex




Problems with traditional
methods

Interpolation (say from c5 to ¢) can only be done after
Ce IS Observed.

a, can only be carried forward.
Last-Observation-Carried-Forward, rapidly becomes
unrealistic.

Moving averages introduce biases

a, by

b, Co
a3 C3
ay b,

be Ce

State space methods are discussed in the paper, but a
general specification that works fully automatic across
1000+ markets is too challenging.

Moreover, there is the issue of modeling an interpolation
through b,



Algorithm sketch cont.

Suppose we start with an estimate for a, equal to a;.

In the first step we estimate a, will be replaced by a
prediction based on b, and c,. A (Apples) B (Bananas) C (Coconuts)

”

In the next step, imputing b; benefits from the “upgraded
vector A.

Prediction performance can be monitored by cross-
validating at each step to provide a stopping criterion.

The process can be repeated several times so that by
averaging, any randomness in the process cancels out.
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Simplified algorithm (see paper for more d tzLiIe exposition) | | (1

|
Column-bind 4, B, C into a matrix P +

!
i i c g —C
Iteratively scroll over the columns c of P and estimate P5ycorveq = f€(Popserveq) @nd generate

Pﬁzissing
Use Py ;ssingto replace the previous imputations for P ;ccing
Iterate, keep updating imputations.

: - 1 2 m
Repeat multiple times to generate Pgyimpieteds -+ Peompietear Peompieted

. . . . 1 2 m
Create a final ensemble prediction P, ,10teq PY averaging Peompietedr -+ Péompietedr Peompietead

We can now extract (4, B, C) compietea and calculate P.ympieteq by taking the basket sum



Validation results,
25 FCS countries




Food Price Data overview (August 2021)

TABLE A1l—SUMMARY OF RAW FOOD PRICE DATA.

Country Currency  Markets Items a overage  Start date
i Afg AFN 9/ ‘ 3 Jan-07
Typlcal data Completeness Burkina Faso XOF 63/65 K 47.7¢ Jan-07
ranges from 30% to 70% ) Burundi BIF 61/68 ’ 35 Jan-07
Cameroon XAF 12/51 11 20.82 Jan-07

Central Afr. Rep. XAF 18/ 40 : Z Jan-08
. . Chad XAF 3 / 56 : 39.17% Jan-07
Number of markets varies, it is Congo, Rep. XAF 14475
) 0, Dem. Rep. CDF

usually more than in CPI. (ambia, The MD

Guinea-Bissau XOF
Haiti HTG 7
The paper focuses only on food Lo PDR S
commodities, but the methods pebanon e N m;;-o,
Myanmar MMK . 3
Niger XOF 68/79 4
1 1 1 Nigeria NGN 33/35 16
Typ I Cal _Iy’ more p rice Items Somalig SOS 18;28 4 Jan-07
resu |ts in better accu racy' South Sudan SSp ) 8 Jan-07

Sudan SDG
Syrian Arab Rep. SYP
Yemen, Rep. YER

J an-U/

= =W
o Ot

More markets, increases

The first (olmnn reports the local curr in which pr are measured, the second (011111111

heterogene'ty SO demands more o the nmnl)el of markets from which da '  fre of all k for
price items and observations to to construct the f
a :;hale of all market X l‘zme comblnatlonb W hE‘IE m
i i i column repo: vhen the estimated price index
mal ntal n performance Source: The statis have been prepared by the author fnr this paper based on end-of-August (2021)

food price data from World Food Program.




Validation Results, 25 FCS countries

Th e pape I uses an o Ut| | er-ro b USt TABLE A4—SUMMARY OF ESTIMATION RESULTS.
0 Ut-Of-Sam p I e R _Sq u ared }\AV;—{;.:r Vinﬂa.tion I\I{a‘x. drra\‘ ~-down }\V‘J“- volatility > ore

. Afghanistan
calculated from prediction Burking Faso
errors. g alrncroo‘n

Chad
Congo, Rep.

The typical performance is
around 0.85.

With more prices (adding non-
foods) this can be improved.

Prediction quality improves
when inflation (deflation) is
strong compared to volatility.

Congo, Dem. Rep.
Gambia, The
ra-Bissau

Lao PDR
Lebanon
Liberia
Mali

Mozambique

Ayanmar
Niger
Nigeria
Somalia
South Sudan

0.88
0.78

When the majority Of data is aver o (Lnnual I:e.‘.alized volati

score that ranges from 0 to 1

miSSi ng the qual ity Of Additional cro idation statistics can bé found 611 file \-"‘-\v"orld Bank Data Catalog page where a live
b version of the se is maintained.

ImputathnS can Stl “ be source: The statist have been prepared by the author for this paper based on end-of-August (2021)

food price data from World Food Program.

comparable to the accuracy of
direct measurement.




Toward real-time
local food prices:

Example results Yemen



Food Price Estimates Yemen (Feb. 2022)

Equal weighted Food Price Index
composed of Oil (Vegetable) (1 L), Rice
(Imported) (1 KG), Salt (1 KG), Sugar (1
KG), Wheat (1 KG), Wheat Flour (1 KG),
Beans (Kidney Red, 1 KG), Eggs (1 Unit),
Lentils (1 KG), Millet (1 KG), Onions (1
KG), Peas (Yellow, Split, 1 KG), Potatoes
(1 KG), Sorghum (1 KG), Tomatoes (1
KG). The index consists of average
market prices (24 markets).

January and February 2022 prices are
preliminary estimates based on time-
series estimates.

Each candle consists of an Open, High,
Low and Close price, with candle size
reflecting intra-month price spreads. The
black dotted line is a 12-month moving
average, the gray shaded are envelopes
plotted at a 12-month standard deviation
level above and below the 12-month
moving average and can help determine
whether prices are high or low on a
relative basis.

Yemen, Rep. Food Price Index (LCU) 2017 = 1 2014-01-01 / 2022-02-01
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