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CHAPTER 1 INTRODUCTION AND BACKGROUND 

 

1.1 Zambian Agriculture  Sector in  Perspective  

 

The agriculture sector in Zambia plays a critical role in the countryõs economy. It 

contributes between 8 and 10 percent to the Gross Domestic Product (GDP). The 

sector also provides employment and means of livelihood for the majority of 

people, generally accounting for over 45 percent of persons in employment. It is the 

main anchor in achieving sustainable economic growth, poverty reduction and 

enhancing household food security. The Government has for some time now been 

trying to shift the mainstay of the economy from mining to agriculture.  

 

Agriculture in Za mbia is practiced by over 1,300,000 households, as well as over 

1,500 Institutions. Households or institutions involved in agriculture generally fall into 

two categories, namely:  

 

¶ Small-and -medium scal e farmers. These are largely subsistent farmers who, in 

terms of holding size, have holdings less than 20 Hectares.  

 

¶ Large -scale farmers, (or commercial farmers).These usually have holdings 

exceeding 20 ha.  

 

Zambiaõs staple food crop is maize (corn). It is consumed by an overwhelming 

majority of Zambians , to the extent that talking of crop farming in Zambia is 

synonymous to talking of maize growing. Almost all of the maize grown in Zambia is 

rain -fed, and this has its attendant disadvantages, key of which  is susceptibility to 

inclement weather conditions.  

 

Over a very long period of time, the small and medium -scale famers have 

consistently been contributing above 7 0 percent to the countryõs total annual 

maize production.  

 

Key players in agricultural commod ity marketing in Zambia such as the farmers, 

grain traders, millers, policy makers and consumers, require useful information on 

agricultural production and other related information for their day -to -day decision 

making. As a result, there has been increase d interest by many stakeholders on the 

provision of early and reliable estimates of crop production, input availability and 

food grain stocks in Zambia. While there are in existence scientifically -accepted 

data collection procedures for estimating crop pro duction, area planted to crops, 

etc, methodological guidelines for using administrative data to estimate  carry -over 

and carry -out stocks in a cost -effective and timely manner have been lacking. This 

is despite there being great need for such data by many stakeholders.  

 

 

 

Agricultural commodity stock data are needed for market performance monitoring 

(annual carry -over stocks determine to a large extent private market prices), policy 
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formulation , and food security. A wide information base, better availability and 

accessibility of qualitative and quantitative stock data and other related concerns 

are among the key factors that continue to raise the profile of rapid assessment of 

grain stocks.  

 

1.2 Objective of the study  

 

The overall goal of the study is  to test the methodology and the approach 

developed by the Agriculture Market Information System (AMIS) project of the Food 

and Agriculture Organisation of the United Nations (FAO) which outlined the use of  

available data to estimate certain critical vari ables on the food balance sheet, 

especially Carry -in Stocks (also called Carry -over stocks), and Production. 

Specifically, we will be estimating carry -over stocks and production for the 

2018/2019 marketing  season, for maize and sorghum.  As the developed 

me thodology proposes use of import and export data, estimates have also been 

made of Imports of maize and sorghum, as it also impacts on availability of the 

grains.  

 

As described in the guidelines developed on quick assessment of grain stocks, the 

need to us e administrative (or secondary) data for this arises because:  

 

(i) It is cheaper than the traditional methods, such as the conducting of a 

stock survey. Such surveys are invariably very expensive and take a lot 

more time to carry out.  

 

(ii) Use of administrative data to produce estimates of the critical variables 

leads to faster availability of results. Besides the administrative data from 

within the country, use of international data sources was also made of for 

the estimation.  

 

In this report, secondary data sources were employe d to come up with forecasts of 

carry -over stocks, p roduction,  carry -out stocks,  and other salient variables relating 

to Maize and Sorghum for the 2018 -2019 agriculture season.  With reliable estimates 

of Maize and Sorghum  & Millet  stocks provided to Government and other 

stakeholders very early in the year, market dynamics can be anticipated and 

responded -to in a timely manner.  
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CHAPTER 2 METHODOLOGY 

 

2.0 Study Approach and D ata Sources  

 

The process for achieving this study objective involved a desk analysis as well as 

obtaining appropriate data from various sources. These sources include:  

 

¶ Central Statistical Office (CSO) of Zambia;  

¶ Ministry of Agriculture (MoA);  

¶ Disaster Management and Mitigation Unit (DMMU);  

¶  Zambia National Farmers Union (ZNFU);  

¶ Zambia Agri culture Commodity Exchange (ZAMA CE); 

¶ Millers Association of Zambia (MAZ);  

¶ Grain Traders Association of Zambia  (GTZ), and  

¶  Some Large -Scale Farms.  

 

Recourse was also made to existing international databases (FAOStat , USDA, OECD, 

etc.).  The study also drew upon international statistical publications, other existing 

secondary data (administrative records, technological research information) at 

national level and collected additional òground-truthingó as well as qualitative 

information through stakeholder interviews and dialogue.  

 

An example of data from administrative records is the data set named Zambia 

Maize Food Balance Sheet Data  (Table 2  below) . This dataset  was assembled using 

entries from Food Balance S heets for the peri od 2000 to 2017, inclusive. Other 

administrative data was extracted from the Agriculture Statistics Bulletin . 

 

2.1 Key Steps Taken in Implementing the Study  

 

Below are the key steps that were followed in implementing this study:  

 

Step 1 

 

All the variables that are  used in the compilation of the ma ize Food Balance Sheet 

from 2000  to 2017 were  listed , and these are: Opening Stocks (or Carry -over stocks), 

Total Production, Human Consumption, Stock Feed, Breweries, Seed, Losses, 

Structural Cro ss-border Trade, Commercial Exports/Imports, Food Aid Import 

Requirements, Surplus/Deficit, and Estimated Mid -year Population.  

 

Step 2 

 

For each of the  variables listed, a description or statement was given on  whether  

they are available, reliable, how they  are obtained (surveys or administrative 

records, etc. ), for how many years, and from where they could be obtained. This 

information is summarised in Table 1, below.  
 
 



Grain Stocks Estimation through Secondary Data sources-The Case of Zambia 10 | P a g e  
 

Table 1: Descriptions of variables used in the complication of the Food balance Sheet  
Variable Definition of indicator Method of computation Data source (CFS, 

etc.) 
Years available 

(1) Opening Stocks These are stocks held 
by commodity traders, 
millers,  commercial 
and small scale 
farmers as at 1st May 
of a given year 

Surveys and through 
reports by commodities 
merchants  

Crop forecasting Survey 
(for commercial and 
small scale farmers), 
reports from commodity 
traders, millers, 
brewers, Food Reserve 
Agency (FRA), Disaster 
Management and 
Mitigation Unity 
(DMMU) 

2000 to 2017 

(2) Total Production These are production 
estimates obtained 
using surveys  

Crop forecasting Survey 
(CFS) conducted by 
Ministry of agriculture and 
the Central Statistical 
Office (CSO) in a given 
year. It can also be 
estimated as a product of 
area harvest and the yield 

Ministry of Agriculture 
and CSO 

2000 to 2017* 

A:Total Availability 
(1) + (2) 

This is the sum of 
opening stocks and 
total production 

Surveys and through 
reports by commodities 
merchants 

Surveys and through 
reports by commodities 
merchants 

2000 to 2017 

(3) Staple food 
requirements 

This is the annual 
national requirement 
for human consumption 

Human staple food 
consumption represents 
70% (1,470 
kCal/person/day, CSO) of 
total diet (2,100 
kCal/person/day, National 
Food and Nutrition 
Commission), 
for a national population 
(based on CSO Census 
projections). 
 

Ministry of Agriculture, 
CSO, National Food and 
Nutrition Commission 

2000 to 2017 

(4)Strategic Reserve 
Stock 

This is the annual 
requirement for 
national strategic food 
reserve expected to be 
carried over into the 
next season 

Report by FRA FRA 2000 to 2017 

(5) Stock Feed 
requirement 

This is the annual 
requirement for stock 
feed 

Annual production figures 
by stock feed producers 
 

Millers 2000 to 2017 

(6) Breweries requirement This is the annual 
requirement for 
breweries 

Annual sales figures to 
Brewers by Milers 
 

Millers 2000 to 2017 

(7) Seed This is grain retained 
for seed for the next 
season 

CFS Ministry of Agriculture  

(8) Losses  These are estimates for 
post-harvest losses 

Post-harvest losses are 
estimated at 5% for grains, 
sweet potatoes and 
cassava, in line with 
estimates from other 
SADC countries. 
 

Ministry of Agriculture 2000 to 2017 

(9) Structural cross-
border trade 

These are estimates for 
the informal cross-
border trade; it does 
not include formal trade 

FEWSNET Reports FEWSNET 2000 to 2017 
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Variable Definition of indicator Method of computation Data source (CFS, 
etc.) 

Years available 

B:Total Requirements These  are annual 
national 
utilization/consumption 
requirements 

This is calculated: (1)+(2)-
(3)-(4)-(5)-(6)-(7)-(8)-(8)-
(9) 

Ministry of Agriculture 2000 to 2017 

(10)Surplus/Deficit This is the expected 
annual surpluses or 
deficits that arise after 
meeting minimum 
overall 
consumption/utilization 
requirements 

This is calculated: 
Total availability less total 
requirements(A-B) 

Ministry of Agriculture 2000 to 2017 

(11) Commercial Exports Commercial exports 
represent expected 
formal regional and 
international trade 
exported outside the 
country 

For the balance sheet, 
commercial exports are 
estimated as an 
equivalent of the 
determined surplus in a 
given year. 
Values for actual exports 
in a given year can be 
obtained from records at 
CSO 

Ministry of 
Agriculture/CSO 

2000 to 2017 

(12) Commercial Imports Commercial imports 
represent expected 
formal regional and 
international trade 
imported into the 
country 

For the balance sheet, 
commercial imports are 
estimated as an 
equivalent of the 
determined deficit in a 
given year. 
Values for actual imports 
in a given can be obtained 
from records at CSO 

Ministry of 
Agriculture/CSO 

2000 to 2017 

Mid-Year Population Estimated mid-year 
population 

   

*For area planted, Production and Yield rate for Maize, Millet and Sorghum, the data is available from the 1986/87 to 2016/17 Marketing Season. 
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Step 3: Excel file s containing t he time series values of all the se variables  were  created . Examples of these are given in Table 2      

below. Others are to be found in the appendices (appendix I). 

 
Table 2: Zambia Maize Food Balance Sheet Data (‘000 Metric Tonnes) 

Year 
Closing 
Stocks 

Opening 
Stocks 

Production  
Human 
Consumption 

Reserves Stock feed Breweries Seed 
Post- 
Harvest 
Losses 

Cross 
border 

Imports Exports 
Total 
supply 

Total 
Utilization 

Mid-Year 
Population 
(‘000) 

2000 
                      
61  

                      
60  

               
1,053  

               
1,054  

                         
-    

                      
33  

                      
63  

                      
10  

                   
105  

                      
50  

                   
201  

                         
-    

               
1,314  

               
1,314  

            
10,220  

2001 
                      
20  

                      
61  

                   
802  

               
1,061  

                      
20  

                      
35  

                      
65  

                      
10  

                      
80  

                      
50  

                   
360  

                         
-    

               
1,223  

               
1,321  

            
10,285  

2002 
                   
100  

                      
20  

                   
602  

               
1,008  

                      
15  

                      
35  

                      
65  

                      
10  

                      
60  

                      
10  

                   
406  

                         
-    

               
1,028  

               
1,203  

            
10,300  

2003 
                   
180  

                   
100  

               
1,207  

                   
981  

                      
56  

                      
50  

                      
30  

                      
10  

                      
60  

                         
-    

                         
-    

                   
120  

               
1,307  

               
1,307  

            
10,580  

2004 
                   
191  

                   
180  

               
1,214  

               
1,020  

                      
55  

                      
50  

                      
15  

                         
8  

                      
61  

                         
-    

                         
-    

                   
185  

               
1,393  

               
1,393  

            
11,300  

2005 
                      
20  

                   
191  

                   
866  

               
1,024  

                         
-    

                      
52  

                      
15  

                         
8  

                      
43  

                         
-    

                      
85  

                         
-    

               
1,142  

               
1,142  

            
11,570  

2006 
                   
433  

                      
20  

               
1,424  

               
1,051  

                      
80  

                      
60  

                      
15  

                         
8  

                      
71  

                         
-    

                         
-    

                   
160  

               
1,445  

               
1,445  

            
11,800  

2007 
                   
390  

                   
433  

               
1,366  

               
1,133  

                   
250  

                      
65  

                      
15  

                      
18  

                      
68  

                         
-    

                         
-    

                   
250  

               
1,799  

               
1,799  

            
12,100  

2008 
                      
62  

                   
390  

               
1,212  

               
1,141  

                   
157  

                      
67  

                      
15  

                      
19  

                      
61  

                         
-    

                         
-    

                   
143  

               
1,602  

               
1,602  

            
12,100  

2009 
                   
299  

                      
62  

               
1,889  

               
1,263  

                   
110  

                   
130  

                      
70  

                      
20  

                      
94  

                      
60  

                         
-    

                   
203  

               
1,951  

               
1,951  

            
12,900  

2010 
                   
849  

                   
299  

               
2,795  

               
1,319  

                   
200  

                   
150  

                      
80  

                      
40  

                   
140  

                      
80  

                         
-    

               
1,086  

               
3,094  

               
3,094  

            
13,300  

2011 
                   
771  

                   
849  

               
3,020  

               
1,396  

                   
240  

                   
175  

                      
95  

                      
50  

                   
151  

                   
100  

                         
-    

               
1,662  

               
3,869  

               
3,869  

            
13,400  

2012 
                   
455  

                   
771  

               
2,853  

               
1,502  

                   
500  

                   
203  

                      
97  

                      
44  

                   
143  

                   
100  

                         
-    

               
1,035  

               
3,624  

               
3,624  

            
14,590  

2013 
                   
597  

                   
455  

               
2,533  

               
1,430  

                   
500  

                   
223  

                   
100  

                      
42  

                   
127  

                   
120  

                         
-    

                   
454  

               
2,988  

               
2,996  

            
14,580  

2014 
               
1,345  

                   
597  

               
3,351  

               
1,532  

                   
500  

                   
246  

                   
110  

                      
40  

                   
168  

                   
200  

                         
-    

               
1,153  

               
3,948  

               
3,948  

            
14,580  

2015 
                   
668  

               
1,345  

               
2,618  

               
1,502  

                   
500  

                   
246  

                   
110  

                      
40  

                   
131  

                   
200  

                         
-    

                   
877  

               
3,964  

               
3,605  

            
14,580  

2016 
                   
569  

                   
668  

               
2,873  

               
1,589  

                   
500  

                   
258  

                   
116  

                   
100  

                   
144  

                   
144  

                         
-    

                   
635  

               
3,541  

               
3,484  

            
16,100  

2017   
                   
569  

               
3,607  

               
1,632  

                   
500  

                   
271  

                   
121  

                      
93  

                   
180  

                   
200  

                         
-    

               
1,179  

               
4,176  

               
4,176  

            
16,100  
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Table 3: Zambia Sorghum & Millet Food Balance Sheet Data (Metric Tonnes)  

Year 
Opening 
Stocks 

Closing 
stocks 

Productio
n (Mt) 

Human 
Consumptio
n (Mt) Reserves 

Post- 
Harvest 
Losses Exports 

Total 
Supply 

Total 
Utilization 

2000 500 2,024 69,569 82,952 
 

3,478 
 

70,069 88,454 

2001 2,024 2,024 95,224 83,487 
 

4,761 
 

97,248 90,272 

2002 2,024 1,000 54,416 79,317 
 

2,721 5,976 56,440 89,014 

2003 1,000 4,342 55,632 52,850 
 

2,782 28,621 56,632 88,595 

2004 4,342 2,445 64,251 64,380 
 

3,213 
 

68,593 70,038 

2005 2,445 1,168 48,297 46,327 
 

2,415 
 

50,742 49,910 

2006 1,168 4,712 69,206 64,914 1000 3,460 
 

70,374 74,086 

2007 4,712 2,273 34,480 35,468 1000 1,724 
 

39,192 40,465 

2008 2,273 1,485 43,926 42,975 
 

2,196 
 

46,199 46,656 

2009 1,485 2,610 70,796 68,741 
 

3,540 
 

72,281 74,891 

2010 2,610 5,203 75,729 74,553 
 

3,786 
 

78,339 83,542 

2011 5,203 6,325 56,102 58,500 
 

2,805 
 

61,305 67,630 

2012 6,325 3,746 45,009 47,106 1977 2,250 
 

51,334 55,079 

2013 3,746 3,484 47,405 47,442 6674 2,370 
 

51,151 59,970 

2014 3,484 6,625 70,787 68,268 2464 3,539 
 

74,271 104,896 

2015 6,625 1,971 40,090 42,246 2464 2,005 
 

46,715 48,686 

2016 1,971 944 44,080 41,383 2464 2,204 
 

46,051 46,995 

2017 944 
 

49,903 45,852 2500 2,495 
 

50,847 50,847 

 

Step 4 

 

Zambia data sets were also downloaded from OECD-FAO (http://stats.oecd.org), 

,USDA (https://apps.fas.usda.gov/psdonline/app/index.html#/app/downloads ) ,and 

FAOStat  (http://www.fao.org/faostat/en/#home )  websites.  

 

Step 5 

 

The Food Balance Sheets from these different sources that were created for Zambia 

pertaining to the past 17 years or more  were brought together in one place (folder) , 

and estimates (forecasts) of Carry -Over stocks , and Carry -out stocks  were 

generated . 

 

Step 6  Grains Selected for Analysis  

 

With the Food Balance Sheets in one place, it was decided that we do further 

analysis on Maize and Sorghum  & Millet 1.  

 

Maize is by far the predominant staple food in Zambia, and CFS estimates of its 

production are quiet reliable. All the other grains and pulses pale into insignificance 

in terms of production quant ities, when compared to maize.  

                                                           
1 Whereas the data for Sorghum and Millet is collected separately in the CFS questionnaire, it is combined for 
purposes of compiling the Food Balance Sheet. So, Sorghum & Millet is treated as the same grain. 

https://apps.fas.usda.gov/psdonline/app/index.html#/app/downloads
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Step 7  Listing of Key Stake holders Consulted  
 

Consultations were made with some key stakeholders to get their views as to what 

they thought would be the likely carry -over stocks, and expected production for 

maize and sorghum  & Millet  for the 2018/19 marketing season . This was achieved 

through phone in terviews, visits to a number of big commercial farmers, and other 

key stakeholders.  These stakeholders are listed in T able 4 below. Besides naming the 

stakeholders, the table gives information on the type of stakeholder (whether 

trader, importer, etc. ), an d the type and quantity of grain they deal with.  

 
Table 4: Key Stakeholders Consulted 

 
 
S.No 

 
 
Name of Stakeholder 

Type (trader, wholesaler, etc. 
farmers cooperatives, 
exporter, importer, etc.) 

 
 
Crop/commodity 

 
Estimated amounts 
handled 

1 Food Reserve Agency 
Government Strategic Food 
Reserves, Exporter, Trader 

Maize (primarily), 
Not fixed, but dictated 
by Government. 

2 Zambia National Farmers Union Farmers Union Various Not fixed 

3 Grain Traders Association of Zambia Traders cooperative Maize, Wheat Not fixed 

4 
Zambia Agriculture Commodity 
Exchange (ZAMACE) 

Traders Various Not fixed 

5 
Disaster Management and Mitigation 
Unit 

Government Strategic Food 
Reserves 

Various Not fixed 

6 Millers Association of Zambia Traders Maize Not fixed 

7 Export Trading Group Traders (Exporters) Maize Not fixed 

8 AFGRI Zambia Limited Traders Maize (primarily), Not fixed 

9 Some Large Scale Farmers Traders Maize, Wheat Not fixed 

 

Step 8  Listing of institutions or government departments dealing with stocks  

 

Table 5 below gives the interests of the above -listed stakeholders, and a few 

additional ones, in dealing with grain stocks.  

 
Table 5: Stakeholders by Reason for Interest in Stock Data  

S.No Stakeholder Name Interest/Use stock data, balance sheet 

1 Ministry of Agriculture As an early warning tool, for planning and policy formulation 

2 Millers Association of Zambia (MAZ) Business planning 

3 Grain Traders Association of Zambia (GTAZ) Business planning 

4 Food Reserve Agency (FRA) Planning purposes, for food security 

5 Zambia National Farmers Union Business planning 

6 Famine Early Warning System Network (FEWSNET) Planning for food security 

7 Brewers Business planning 

8 Indaba Agricultural Policy Research Institute (IAPRI) Agricultural policy analysis 

9 Central Statistical Office Estimating GDP 

10 Disaster Management and Mitigation Unit Disaster Management and Mitigation 

11 Export Trading Group Business planning 

12 AFGRI Zambia Limited Business planning 
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Step 9: Listing of all key stakeholders for the SUA/FBS  

 

All the above -listed stakeholders, plus a few more not appearing above, have an 

interest in the SUA/FBS. All such stake holders are listed  below:  

 

Ministry of Agriculture   Grain Traders Association of Zambia   

Famine Early Warning System Network (FEWSNET) Zambia Agriculture Commodity Exchange (ZAMACE) 

Brewers     Disaster Management and Mitigation Unit  
Indaba Agricultural Policy Research Institute (IAPRI) Millers Association of Zambia   

Central Statistical Office   Export Trading Group    

Food Reserve Agency   AFGRI Zambia Limited    

Zambia National Farmers Union  Some Large Scale Farmers    

 

Step 10: Chapter 3 presents estimations of carry -over and carry -in stocks, using 

data from  different sources.  

Step 11 

  

 The stakeholders  listed in step 9) above, e ither directly or indirectly,  provide data 

and information to the Ministry of Agriculture Early Warning Unit. This is done through 

and by virtue of their mem bership to the Stocks Committee. This committee was set 

up by government for provisions of stock estimates  that are used in complementing 

results from the CFS.  The flow -diagram below  (Figure 1)  shows data flows (and type 

of data) between these stakeholders  and Government (Ministry of Agriculture).  

 
Figure 1: Data and Information Flow Diagram  
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CHAPTER 3 ANALYSIS AND PRESENTATION OF RESULTS 

3.0 Data Analysis  

 

For effective response and programming, Government and implementation 

agencies as well as key stakeholders require accurate information on a number of 

variables associate d with the Food Balance Sheet. Having an estimation  of the 

anticipated quantities of p roduction, carry -over stocks, imports, etc ., and their 

impact on commodi ty marketing in a particular year  is important for the formulation 

of effective policies in the agricultural sector . This undoubtedly benefits the 

stakeholders , especially the famers a nd traders.  

 

Following the methodology described in the guidelines on quick assessment of grain 

stocks (Appendix III) and using data from different sources (in -country data, USDA, 

OECD and FAO Stat), this study estimated the projected maize, and sorghum & m illet 

productions for the 2017/18 agricultural season and carry -over and carry -out stocks 

for the same commodities for the 2018/19 marketing season.  

 

We used time -series analysis (using the in -built forecast  function in the open -source 

software R -Studio) to estimate the 2017/18 agricultural season projected production 

values for maize, sorghum and millet , as well as calculating other variables 

necessary for us to estimate carry -in and carry -out stocks of thes e grains . 

 

3.1 Detailed Estimation Process  

 

3.1.1 Estimating Maize Production  

 

To estima te production for the 2017/2018 agricultural season, the following formula  

was used:  

Production = Forecast Harvested Area X 5 -year average Yield Rate  

Different data sets were used to estimate the variables in the formula.  

First, using data from the file Zambia_USDA_Maize_Dat a.xlsx, (from the USDA 

website ) Forecast Harvested Area was estimated . Syntax A in Appendix II was run 

in R-Studio . This produced the output below:  

$mean 
Time Series:  
Start = 2018  
End = 2019  
Frequency = 1  
[1] 1344.994 1344.994  
 
$lower  
Time Series:  
Start = 2018  
End = 2019  
Frequency = 1  
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          80%      95%  
2018 887.7608 645.7163  
2019 775.3960 473.8691  
 
$upper  
Time Series:  
Start = 2018  
End = 2019  
Frequency = 1  
          80%      95%  
2018 1802.227 2044.271  
2019 1914.592 2216.119  

 

Figure 2: Forecast Maize Harvested Area (Ha)  

From the above output , we see that the mean forecast  Area to be harvested  is 

1,344,994 Ha, for the 2018 marketing season.  Have in mind that the area data in 

the dataset is presented in ô000 of hectares. 

Using the data from the Agriculture Statistics Bulletin ( Table 6 below ), the mean 

Yield Rate of Maize for the 5 -year period preceding 2018 was  calculated  to be  3.0 

Metric Tonnes per Ha.   

Given the formula for production to be : 

(Forecast Harvested Area) X (5 -year average Yield Rate) , production was 

estimated as follows : 

(1,344,994 Ha) X (3 Mt/Ha) = 4,034,000 Mt.  
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Table 6: Maize Data from the Statistical Bulletin  

YEAR Area(Ha) Production(Mt) Yield Rate (Mt/Ha) Sales(Mt) 

1987        609,529.0    1,063,448.6  1.7     656,464  

1988        723,087.0     1,943,218.9  2.7        1,349,098  

1989    1,020,574.0     1,843,180.0  1.8        1,219,618  

1990        763,258.0     1,119,669.7  1.5           601,165  

1991        639,390.0     1,095,907.5  1.7           602,884  

1992        661,305.0         483,491.8  0.7           258,965  

1993        633,326.0     1,597,766.7  2.5           929,837  

1994       679,356.0     1,020,749.4  1.5           476,288  

1995        520,165.0         737,835.4  1.4           344,676  

1996        675,565.0     1,409,485.4  2.1           668,123  

1997        649,039.0         960,188.5  1.5           311,662  

1998        510,372.0         638,134.0  1.3          175,136  

1999        597,454.0         822,056.6  1.4          250,001  

2000        561,491.0         850,466.0  1.5           187,783  

2001        583,855.0         801,888.6  1.4           292,401  

2002        575,686.0         601,605.9  1.0           228,181  

2003        699,275.7   1,157,860.0  1.7   591,300  

2004       630,769.1    1,213,599.0  1.9           481,183  

2005        834,980.0         866,187.0  1.0          349,734  

2006        784,525.0    1,424,439.0  1.8  

2007        872,812.0     1,366,158.0  1.6           662,470  

2008        928,224.0     1,211,566.0  1.3           534,294  

2009    1,125,466.0     1,887,010.0  1.7           820,318  

2010    1,242,271.0     2,795,483.0  2.3        1,352,015  

2011   1,355,764.1    3,020,379.9  2.2       1,619,622  

2012    1,274,983.0     2,852,687.0  2.2        1,596,771  

2013    1,312,402.2     2,532,800.2  1.9       1,336,141  

2014    1,419,326.2     3,350,671.4  2.4        1,912,533  

2015    1,494,451.2     2,618,221.2  1.8        1,457,482  

2016    1,364,977.4    2,873,052.3  2.1        1,859,513  

2017    1,644,740.7     3,606,549.0  2.1        1,969,993 

 

Second, u sing data from  Agriculture S tatics Bulletin and r unning the R -Studio 

syntax B in Appendix II on the data  (Area)  in table 6 above, gives the results 

below:  

$mean 
Time Series:  
Start = 2018  
End = 2019  
Frequency = 1  
[1] 1588562 1588562  
 
$lower  
Time Series:  
Start = 2018  
End = 2019  
Frequency = 1  
         80%     95%  
2018 1424211 1337209  
2019 1380057 1269681  
 
$upper  
Time Series:  
Start = 2018  
End = 2019  
Frequency = 1  
         80%     95%  
2018 1752913 1839916  
2019 1797068 1907444  
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Our interest is the forecast mean Area under maize to be harvested,  which is 

1,588,562 Ha . Again using the data from the Agriculture Statistics Bulletin (Table 6 

above), the mean yield -rate for the most recent 5 -year period is 2.1 Mt/Ha.  

So, the forecast Maize Production for 2018 is 1,400,000 X 2.1= 3,335,980 Mt.  

Thirdly, using the data in the FAOStat Maize Data Tonnes file and running the R -

Studio syntax  C in Appendix II, we get : 

     Point Forecast    Lo 80   Hi 80    Lo 95   Hi 95  
2017        1097249 924848.6 1269649 833585.4 1360912  
2018        1097249 885431.8  1309066 773302.7 1421195  
 

We get that forecast Area = 1,097,249 Ha, and with mean Yield Rate for the  most 

recent 5 -years= 2.7 Mt/Ha,  this gives a forecast Maize Production for 2018 of 

2,962,572 Metric Tonnes.  

We therefore have three (3) values of  maize production estimates as follows:  

 

Data Source  

 

Estimated Area 

(Ha)  

Estimated Yield 

(Mt/Ha)  

Estimated 

Production (Mt)  

Zambia_USDA_Maize_Data.xlsx  1,344,994 3.0 4,034,000 

Agriculture Statics Bulletin  1,588,562 2.1 3,335,980 

FAOStat Maize Data Tonnes 1,097,249 2.7 2,962,572 

 

From our interactions with key stakeholders, the most likely maize production figure 

is about 2,700,000 Metric Tonnes. So the production estimate using data from the 

FAOStat website, being closer to what most stakeholders predict, is deemed more 

reliable. Additionally, there was also a forecasting of maize production that was 

done by a well -known research institution,  Inda ba Agricultural Policy Research 

Institute using a different method, which yielded a figure close to these two. They 

pro jected a maize production of about 2,4 00,000 Metric tonnes.  

(: http://www.iapri.org.zm/images/PressRelease/IAPRI_PRESS_RELEASE_2017_2018_DrySpells.pdf). 

For purposes of calculating subsequent Food Balance Sheet entries that depend on 

it, we will be using the FAOStat estimate of maize production, namely 2,962, 572 Mt.  

3.1.2 Estimating Maize Supply  

 

The equation:  

SUPPLY=Imports + Production + Carry -in stoc ks 

Was applied to the  Zambia Maize Food Balance Sheet Data (ô000) Metric Tonnes, 

which is in Table 2 above.  

The assumption was made that Imports were equivalent to the deficit in maize 

supply, as calculated in the Food Balance Sheet. So, for quite a number  of years, 

Zambia has not had to import maize because it was always producing a surplus.  

http://www.iapri.org.zm/images/PressRelease/IAPRI_PRESS_RELEASE_2017_2018_DrySpells.pdf
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Also, Carry -in stocks for one year were assumed to be equal to the Carry -out stocks 

of the preceding year . 

So the entries in the column for Total Supply in Table 2 above  were obtained by 

add ing the Import, Production and C arry-In quantities.  

The forecast Supply  was obtained using R -Studio, by running the code D in 

Appendix II, which produces the results below:  

     Point Forecast    Lo 80    Hi 80    Lo 95    Hi 95  
2018       4175.802 2963.098 5388.507 2321.131 6030.474  
2019       4175.802 2438.990 5912.614 1519.578 6832.027  
 

So the forecast Supply of Maize  for 2018/2019 season is 4,175,802 Mt.  

This implies that the maize Carry -in stocks will be about 1,213,230 Mt , (=4,175,802 ð 2,962,572), 

as there will be virtually no Imports.  

Figure 3: Forecast Maize Supply  

 

 

Consultations with stake holders indicate maize Carry -in stocks hovering around 

800,000 Metric tonnes.  

3.1.3 Estimating Maize Utilization  

 

All the following  were calculated using the data in Table 2 above.  

UTILIZATION = Exports + Domestic Consumption + Carry -out stocks, where:  

 

Domestic Consumption  = (human consumption + stock feed + breweries + post -

harvest losses + other consumption) . 
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Industrial Use comprises stock feed manufacturing, breweries, and provision for 

seed.  

The projected mid -year population for 2018 as given by CSO is    16,887,720. With this 

population, Human Consumption  is estimated to be  1,656,005 Metric tonnes . 

For calculation of human staple maize requirement, refer to the description of the 

method in Table 1 (row number 5).  

Using R-Studio forecasting function, by appending the code in D(i) to the code in 

D, and running it, requirements for stock feed  for 2018 are estimated at 286,080 

Metric tonnes.  

     Point Forecast    Lo 80    Hi 80    Lo 95    Hi 95  
2018       286.0801 266.2833 305.8769 255.8034 316.3567  
2019       301.3528 270.7095 331.9960 254.4879 348.2176  

 

Seed Requirements  for 2018 were arrived at by averaging the provisions for seed in 

the most recent 5 -year period. This gave us 63,000 Metric tonnes as the requirement.  

Post-harvest losses  are estimated at 5 -percent of the total production, as indicated 

in Table 1. So, the provision for Post -harvest losses for 2018 is 148,129 Metric tonnes.  

The mean -yearly increment for the provision for the brewing industry is 3,000 Metric 

tonnes. So, the provision for maize for the brewing industry for 2018 is forecast to be 

(121,000 + 3,000) =124,000 Mt.  

Thus, the estimated total  Domestic Consumption is 2,265,755 Mt. 

Exports for 2018 were estimated using the forecasting function in R -Studio . This gives 

us an estimate of 1,002,698 Mt as exports for the 2018/2019 marketing year.  

Maize Utilization is arrived at using R -Studio, with data in Table 2 and running the 

syntax in D  (ii), Appendix II . The results are displayed below:  

     Point Forecast    Lo 80    Hi 80    Lo 95    Hi 95  
2018       4175.795 3024.037 5327.553 2414.333 5937.257  
2019       4175.795 2528.295 5823.295 1656.161 6695.430  

 

This gives a value of 4,175,795 Mt.  

So, Carry-out stocks of maize for 2018/2019 are estimated as:  

Carry -out stocks=UTILIZATION-Exports-Domestic Consumption,  

Carry -out stocks = (4,175,795-1,002,698-2,277,214) Mt 

        = 895,883 Mt.  

 

3.2 Estimates for Sorghum/Millet  
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For quantities of sorghum and millet produced, area harvested and yield rate, the 

data for these crops is collected separately in the same survey. For purposes of 

compiling the Food Balance Sheet, however, the production quantities are added 

for each year and reported as Sorghum/Millet.  

3.2.1 Estimating Sorghum/Millet Production  

 

Forecast Sorghum Area Harvested, using data from the Agriculture  Statistical 

Bulletin , is shown in the figure belo w: 

Figure 4; forecast Sorghum Area Harvested  

 

 

 

By running the R -Studio syntax  in E, Appendix II , we get the following results:  

     Point Forecast    Lo 80    Hi 80    Lo 95    Hi 95  
2018       23310.77 11936.98 34684.56 5916.060 40705.48  
2019       23310.77 11225.09 35396.45 4827.314 41794.23  

 

From the above, we get the forecast area under Sorghum that is to be harvested in 

2018 as 23,311 Ha. 

The mean Yield Rate for Sorghum for the most recent 5 -year period is 0.5 Mt/Ha.  

This gives a forecast product ion figure for Sorghum for 2018 of:  

(23,311 Ha) X (0.5Mt/Ha) = 11,656 Metric Tonnes.  
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A similar procedure for forecast Millet harvested area, using Millet data from the 

Statistical Bulletin, was followed. The syntax for this is in E (i), Appendix (II). The results 

of running it are:  

     Point Forecast    Lo 80    Hi 80    Lo 95    Hi 95  
2018       51920.21 39372.32 64468.10 32729.87 71110.55  
2019       51920.21 36902.43 66937.99 28952.50 74887.92  

 

This give s us a forecast harvested area under millet of 51,9 20 Mt for 2018. With a 

mean Yield Rate for the most recent five year period at 0.6 Mt/Ha), the forecast 

production for millet for 2018 is 31,152 Metric Tonnes.  

So for the 2018 marketing year, we expect a Sorghum/Millet production of about 

(11,656 + 31,152) = 42,808 Metric Tonnes.  

3.2.2 Estimating Sorghum/Millet Supply  

 

Running the R-Studio syntax in  E(ii) (continuing from the syntax above)  gives 

forecast values of Sorghum Supply and Utilization.  The outputs are:  

For Supply: 

     Point Forecast    Lo 80    Hi 80    Lo 95    Hi 95  
2018       56177.75 39665.44 72690.07 30924.35 81431.15  
2019       56177.75 39411.15 72944.35 30535.45 81820.06  
 

and for Utilization:  
     Point Forecast    Lo 80    Hi 80    Lo 95    Hi 95  
2018       68320.16 44248.43 92391.89 31505.62 105134.7  
2019       68320.16 44248.43 92391.89 31505.62 105134.7  

 

Sorghum/Millet Forecast  SUPPLY= Carry -in stocks +Production +Imports  

Forecast  SUPPLY, using R-Studio,  and the data in Table 3, is 56,177 Mt . 

3.2.3 Estimating Sorghum/Millet Utilization.  

 

As there have been no imports of sorghum and millet in the data set, this implies 

that the estimated Carry -in stocks for 2018 will be (56,177 ð 42,808) Mt= 13,369 Mt.  

Utilization  for Sorghum and Millet is obtained usi ng R-Studio, and is 68,320 Mt.  

Exports of Sorghum and Millet are virtually zero.  

Human Consumption  is estimated to be 41,201 Mt  for 2018/2019 marketing season.  

For calculation of human staple Sorghum/Millet requirement, refer to the 

description of the met hod in Table 1 (row number 5).  

Reserves were estimated by averaging the reserve provisions for the most recent 

6-year period, and this gave us reserves of 3,091 Mt.  



Grain Stocks Estimation through Secondary Data sources-The Case of Zambia 24 | P a g e  
 

Post-Harvest Losses will be ((0.05 X 42,808) = 2,140 Mt . 

Domestic Consumption  = 41,201 + 3,091+2,140 

         = 46,432. 

Carry -out stocks=UTILIZATION-Exports-Domestic Consumption,  

        = 68,320 ð 46,432 

        = 21,888 Mt.  

3.3 Presentation of Combined Results 

 

The combined  results of the forecast Carry -In and Carry -Out Stocks for are 

presented in summary in the table below:  

Table 7: Maize and Sorghum/Millet Carry -in and Carry -Out Stocks Estimates  

CROP 

VARIABLE 

Carry -in stocks (Mt)  Carry -out stocks (Mt)  

Maize  1,045,000 895,883 

Sorghum/Millet  13,369 21,888 

 

3.3.1 Implication of the Results 

 

If the real Carry -In and Carry -Out Maize Stocks happen to be anywhere near what 

has been forecast in this study, it means Zambia will be food secure for the 

2018/2019 Marketing Season. There will be enough Maize to cater for domestic 

utilization and  even for the export market.  

3.4 Rationale for Selection of Data Sets 

 

The reason for  selecting  the datasets that were used for the analysis is  that they 

provide reasonably long time series on critical and  relevant variables that were used 

in this stud y. Further, th e use of these data sets was preferred to other sources 

because they  are based on traceable official statistics for the organization s that 

keep them.  
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CHAPTER 4 SUMMARY AND CONCLUSION 

 

4.1 Constraints Faced  

 

There were limitations on the data available for analysis . One limitation pertaining 

to the in -country administrative data (from CFS) is the brevity of the time series  on 

some important variables , being only from 2000 to 2018 . The data for maize seems 

to be more readily available for a ll variables. Even in our interactions with stake 

holders, most were able to give their forecasts for maize production and carry -over 

stocks. The international websites  also have a lot of data on maize (corn).  However, 

the same could not be said of the dat a for sorghum and millet.  The data for these 

two grains is sparse, with a lot of missing values for a number of variables. Even the 

stakeholders we consulted could not hazard a guess on the Carry -Over  stocks, let 

alone production. This is because these two  grains are grown by very few 

households . Data from the 2010 Census of Population and Housing indicates that of 

the 1,527,061 crop -growing households then, only 16.4 percent grew millet and 9.4 

percent grew sorghum .  Whatever is produced for sale is used  by the brewers.  

 

Another challenge faced was that these grains were imported or exported in 

various forms. For example, maize was reported to be imported in forms of maize 

grits, maize bran, or starch . Sorghum could be exported as r oasted malted millet or  

sorghum, and so on. The challenge we found was to get conversion factors in order 

to get the grain equivalent of these different forms. We managed to get the 

conversion factor of maize into mealie meal (corn meal), and vice -versa. When the 

grain equivalen t quantities are fitted into the SUA /FBS, they tend to introduce 

disequilibrium in the Supply and Utilization equation. This could be  on account of 

the fact that the Import/Export data is collected in a different environment from 

data on the other variable s. This rendered the data not useful for this study.  

  

4.2 Conclusion and Recommendations  

  

The in-country administrative data was very useful in estimating both the maize 

carry -over stocks for the 2018/19 marketing season as well as the projected maize 

stocks for the 2017/ 18 agriculture season.   Given that the results of this study were 

not very different from estimates made by key stakeholders in the sector, it is 

therefore recommended that t he in -country data  should be used to estimate a 

number of variables in the food balance sheet, using the procedure described in 

this study.  

 

There is no doubt that estimation of the key variables in this study (Carry -over stocks , 

carry -out stocks,  and production) would have  been better achieved if we did not 

encounter the limitation mentioned in this study. Then there would be more points 

for triangulation.  

 

We recommend that the practice of using administrative data for estimating stocks 

be adopted by governments and become  an entrenched practice.  Almost all the 
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stakeholders we interviewed expressed the desire to have stock -levels data in a 

timely manner. If this is achieved, it will benefit a lot of them as it will make possible 

informed planning processes.  

Stock holders al so recommended the inclusion in the analysis of more crops besides 

maize and sorghum/millet.  

They also suggested the inclusion of other factors that affect production (and 

hence carry -over stocks) in the analysis.  
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APPENDIX I 

FAOStat_Maize_Data  
Year AreaHarv ProductMT YieldRhgHa 

1961 750,000 660,000 8,800 

1962 750,000 640,000 8,533 

1963 770,000 570,000 7,403 

1964 790,000 660,000 8,354 

1965 800,000 700,000 8,750 

1966 820,000 770,000 9,390 

1967 830,000 770,000 9,277 

1968 850,000 700,000 8,235 

1969 870,000 700,000 8,046 

1970 900,000 570,000 6,333 

1971 1,007,328 927,938 9,212 

1972 1,000,000 1,143,338 11,433 

1973 980,000 873,632 8,915 

1974 1,116,000 1,146,360 10,272 

1975 1,020,000 1,483,133 14,541 

1976 1,100,000 1,641,989 14,927 

1977 950,000 1,607,917 16,925 

1978 810,000 1,380,937 17,049 

1979 520,000 877,759 16,880 

1980 555,410 937,266 16,875 

1981 493,783 1,007,280 20,399 

1982 454,500 750,240 16,507 

1983 546,700 935,280 17,108 

1984 506,500 871,740 17,211 

1985 581,846 1,122,351 19,289 

1986 588,490 1,230,594 20,911 

1987 609,529 1,063,449 17,447 

1988 723,087 1,943,219 26,874 

1989 1,020,574 1,844,978 18,078 

1990 763,277 1,092,671 14,316 

1991 639,390 1,095,908 17,140 

1992 661,305 483,492 7,311 

1993 633,326 1,597,767 25,228 

1994 679,355 1,020,749 15,025 

1995 520,165 737,835 14,185 

1996 675,565 1,409,485 20,864 

1997 649,039 960,188 14,794 

1998 510,372 638,134 12,503 

1999 597,454 822,056 13,759 

2000 586,907 1,040,000 17,720 

2001 582,000 802,000 13,780 

2002 430,000 606,172 14,097 

2003 671,000 1,157,860 17,256 

2004 631,000 1,214,000 19,239 

2005 465,832 866,187 18,594 

2006 750,000 1,424,400 18,992 

2007 585,291 1,366,158 23,342 

2008 539,877 1,211,566 22,442 

2009 911,942 1,887,010 20,692 

2010 1,080,556 2,795,483 25,871 

2011 1,101,785 3,020,380 27,414 

2012 1,074,658 2,852,687 26,545 

2013 997,880 2,532,800 25,382 

2014 1,205,202 3,350,671 27,802 

2015 863,818 2,618,221 30,310 

2016 1,157,754 2,873,052 24,816 
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Millet Data from the Statistical Bulletin 

YEAR Area (Ha) Production (Mt) YieldR Sales (Mt) 

1987 43,569 30,262 0.7 197 

1988 44,073 27,000 0.6 541 

1989 47,416 27,260 0.6 383 

1990 58,869 31,531 0.5 135 

1991 45,270 25,573 0.6 4,417 

1992 66,598 48,029 0.7 1,022 

1993 52,654 37,394 0.7 5,575 

1994 82,302 62,644 0.8 12,836 

1995 75,809 54,501 0.7 13,242 

1996 76,930 54,858 0.7 13,684 

1997 85,731 61,129 0.7 12,164 

1998 90,047 62,236 0.7 12,364 

1999 95,530 69,617 0.7 12,759 

2000 61,073 42,743 0.7 6,323 

2001 70,129 46,875 0.7 12,191 

2002 66,045 37,615 0.6 8,391 

2003 56,750 35,332 0.6 7,324 

2004 59,081 22,025 0.7  

2005 63,411 29,583 0.5 85,715 

2006 69,529 48,159 0.7  

2007 56,817 21,707 0.4 8,610 

2008 45,508 33,934 0.7 7,709 

2009 61,626 48,967 0.8 10,510 

2010 56,787 47,994 0.8 13,928 

2011 52,502 41,602 0.8 10,332 

2012 35,828 28,446 0.8 7,057 

2013 33,834 23,942 0.7 6,959 

2014 39,535 30,504 0.3 11,020 

2015 47,007 31,967 0.7 10,746 

2016 53,699 29,973 0.6 9,430 

2017 52,820 32,566 0.6 9,558 
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   Zambia_USDA_Maize_Data 

Year Area Harvested 
Beginning 

Stocks 
Domestic 

Consumption 
Ending Stocks Exports Production Yield 

1961 305 0 514 0 1 515 2.0 

1962 305 0 514 0 1 515 2.0 

1963 270 0 479 0 1 480 2.0 

1964 265 0 405 0 0 395 1.0 

1965 245 0 476 0 24 490 2.0 

1966 215 0 539 0 44 580 3.0 

1967 240 0 588 0 119 705 3.0 

1968 290 0 653 0 127 780 3.0 

1969 235 0 591 0 30 590 3.0 

1970 260 0 735 0 0 655 3.0 

1971 280 0 322 278 0 550 2.0 

1972 280 278 409 260 9 400 1.0 

1973 285 260 458 380 39 617 2.0 

1974 280 380 493 159 111 383 1.0 

1975 280 159 566 142 30 579 2.0 

1976 600 142 614 175 0 647 1.0 

1977 700 175 615 308 0 748 1.0 

1978 595 308 735 193 30 650 1.0 

1979 900 193 993 20 0 700 1.0 

1980 800 20 971 21 0 937 1.0 

1981 1000 21 1235 27 0 1206 1.0 

1982 455 27 975 22 0 750 2.0 

1983 546 22 1225 17 0 935 2.0 

1984 507 17 980 19 0 872 2.0 

1985 588 19 1150 103 0 1122 2.0 

1986 588 103 1150 197 0 1224 2.0 

1987 725 197 1440 740 0 1943 3.0 

1988 1021 740 1950 700 0 1900 2.0 

1989 904 700 2000 400 0 1700 2.0 

1990 763 400 1500 46 0 1096 1.0 

1991 620 46 1700 46 0 1200 2.0 

1992 570 46 600 6 10 470 1.0 

1993 750 6 1500 252 24 1620 2.0 

1994 700 252 1300 13 9 1020 1.0 

1995 650 13 800 38 0 800 1.0 

1996 675 38 1400 113 0 1400 2.0 

1997 600 113 1300 13 0 1000 2.0 

1998 410 13 750 3 0 640 2.0 

1999 600 3 950 8 0 855 1.0 

2000 750 8 1300 78 0 1260 2.0 

2001 580 78 1000 24 0 800 1.0 

2002 575 24 750 20 0 600 1.0 

2003 670 20 900 86 100 1040 2.0 

2004 630 86 1050 102 150 1213 2.0 

2005 466 102 1000 128 0 870 2.0 

2006 750 128 1200 158 200 1425 2.0 

2007 585 158 1250 179 100 1366 2.0 

2008 540 179 1250 201 0 1212 2.0 

2009 912 201 1700 295 100 1889 2.0 

2010 1081 295 1900 900 300 2800 3.0 

2011 1102 900 2300 1120 500 3020 3.0 

2012 1075 1120 2300 1170 500 2850 3.0 

2013 998 1170 2300 1208 200 2533 3.0 

2014 1205 1208 2500 1364 700 3351 3.0 

2015 964 1364 2500 787 700 2618 3.0 

2016 1158 787 2300 765 600 2873 2.0 

2017 1434 765 2400 1277 700 3607 3.0 
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APPENDIX II 

R-STUDIO SYNTAXES 

A: Syntax for predicting Area Under Maize, Using the USDA Maize Data  
> library(readxl)  
> Zambia_USDA_Maize_Data < -  read_excel("C:/Users/user/Desktop/Master Folder/A
GRIC FILES/MACY/Zambia_USDA_ Maize_ Data.xlsx")  
> View(Zambia_USDA_Maize_Data)  
> library(astsa)  
> head(5)  
[1] 5  
> library("forecast", lib.loc="C:/Program Files/R/R - 3.4.2/library")  
This is forecast 8.2  
  Crossvalidated is a great place to get help on forecasting issues:  
  http://stats.stackexchange.com/tags/forecasting.  
 
Attaching package: ôforecastõ 
 
The following object is masked from ôpackage:astsaõ: 
 
    gas  
 
> AREA=ts(Zambia_USDA_Maize_Data$AreaHarvested, start=c(1961), end=c(2017),fr
equency=1)  
> plot(forecast(AREA,2))  
> predictedAREA=plot(forecast(AREA,2))  
> predictedAREA  

 

B: Syntax for Estimating Harvested Area Under Maize, Using Data from the Statistical Bulletin  
> library(readxl)  
> Maize_Data_From_Bulletin_ < -  read_excel("C:/Users/user/Desktop/Master Folde
r/AGRIC FILES/Macy/Maize Data From Bulletin .xlsx")  
> View(Maize_Data_From_Bulletin_)  
> library(astsa)  
> head(5)  
[1] 5  
> FAREA=ts(Maize_Data_From_Bulletin_$Area, start=c(1987), end = c(2017), freq
uency = 1)  
> predictedFAREA=plot(forecast(FAREA,2))  
> predictedFAREA  
 

C: Syntax for Estimating Harvested Area Under Maize, Using Data from the 

FAOStat_Maize_Data_Tonnes  

> library(readxl)  

> FAOStat_Maize_Data_Tonnes < -  read_excel("C:/Users/user/Desktop/Master 
Folder/AGRIC FILES/MACY/FAOStat Maize Data Tonnes.xlsx")  

> View(FAOStat_Maize_Data_Tonnes)  
> library(astsa)  
> head(5)  
[1] 5  
> FAREA=ts(FAOStat_Maize_Data_Tonnes$AreaHarv, start=c(1961), end=c(2016), fr
equency = 1)  
> forecast(FAREA,2)  
> predictedFAREA=(forecast(FAREA,2))  



Grain Stocks Estimation through Secondary Data sources-The Case of Zambia 33 | P a g e  
 

 

 

 

 

D: Syntax for Estimating Maize Supply  

> library(readxl) 
> New_Incountry_Maize_Dataset <- read_excel("C:/Users/user/Desktop/Master Folder/AGRIC FILES/MACY/New In
country Maize Dataset.xlsx") 
> View(New_Incountry_Maize_Dataset) 
> library(astsa) 
> head(5) 
[1] 5 
> TOTSUP=ts(New_Incountry_Maize_Dataset$`Total supply`, start=c(2000), end=c(2017), frequency = 1) 
> forecast(TOTSUP,2) 
(i) Syntax for Estima ting Maize Provision for Stock Feed  
> STKFEED=ts(New_Incountry_Maize_Dataset$`Stock feed`, start=c(2000), end=c(2017), frequency = 1) 
> forecast(STKFEED,2) 
 

(ii) Syntax for Forecasting Maize Utilization  
 > UTIL=ts(New_Incountry_Maize_Dataset$'Total Utilization', start=c(2000), end=c(2017), frequency = 1) 
> forecast(UTIL,2) 

E:  Syntax for Forecasting Area Under Sorghum  

> library(readxl)  
> Sorghum_Data_From_Bulletin < -  read_excel("C:/Users/user/Desktop/Master Fold
er/AGRIC FILES/MACY/Sorghum Data From Bulletin.xlsx")  
> View(Sorghum_Data_From_Bulletin)  
> library(astsa)  
> head(5)  
[1] 5  
> FAREA=ts(Sorghum_Data_From_Bulletin$Area, start=c(1987), end=c(2017), frequ
ency = 1)  
> forecast(FAREA,2)  
 

E (i) Syntax for Forecasting Area Under Millet  

> library(readxl)  
> Millet_Data_From_Bulletin < -  read_excel("C:/Users/user/Desktop/Master Folde
r/AGRIC FILES/MACY/Millet Data From Bulletin.xlsx")  
> View(Millet_Data_From_Bulletin)  
> library(astsa)  
> head(5)  
[1] 5  
> FAREAM=ts(Millet_Data_From_Bulletin$Area, start=c(1987), end = c(2017), fre
quency = 1)  
> forecast(FAREAM,2)  
 

E (ii) Syntax for Estimating Sorghum/Millet Supply  

> library(readxl)  
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> Zambia_Sorghum_Millet_Food_Balance_Sheet_Data_Metric_Tonnes_ < -  read_excel(
"C:/Users/user/Desktop/Master Folder/AGRIC FILES/MACY/Zambia_Sorghum&Millet_F
ood Balance_Sheet_Data(Metric Tonnes).xlsx")  
> View(Zambia_Sorghum_Millet_Food_Balance_Sheet_Data_Metric_Tonnes_)  
> library(astsa)  
> head(5)  
[1] 5  
> TOTSUP=ts(Zambia_Sorghum_Millet_Food_Balance_Sheet_Data_Metric_Tonnes_$`Tot
al Supply`, start=c(2000), end = c(2017), frequency = 1)  
> forecast(TOTSUP,2)  
> TOTUT=ts(Zambia_Sorghum_Millet_Food_Balance_Sheet_Data_Metric_Tonnes_$`Tota
l Utilization`, start = c( 2000), end = c(2017), frequency = 1)  
> forecast(TOTUT,2)  
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1 FOREWORD 

 

In the recent past, there has been the general needs for better agricultural 

commodity market information  for both the national and international levels. 

Market stability/performance, policy implementation and food security through 

carry -forward, discretionary, and working stocks, remain the main concerns. 

Primary data sources (surveys) have been set up to pr ovide the needed stock 

data and information. These systems have proven expensive to implement and 

maintain and very few developing countries have been able to operate them on 

a regular basis. Hence, the idea of devising cheaper complementary alternatives 

in the form of ôrapid assessmentõ of grain stock using secondary data sources that 

countries can handle to provide timely and cost -effective stock data through the 

leveraging of secondary data sources.  

 

Most probably, the heaviest user by far in the World of Secondary Data to assess 

grain stocks and other cereals statistics is the United States Department of 

Agriculture (USDA) for the preparation of the well -known World Agricultural Supply 

and Demand Esti mates (WASDE) monthly report.  Yes, it is prepared monthly, and 

includes estimates for U.S. and World wheat, rice, and coarse grains (corn, barley, 

sorghum, and oats), oilseeds (soybeans, rapeseed, palm), and cotton. USDA 

World Agricultural Outlook Board a nalysts chair the Interagency Commodity 

Estimates Committees (ICECs) comprising representatives from several key USDA 

agencies. The nine ICECs - one for each commodity - compile and interpret 

information  from USDA and other domestic and foreign official (pri vate and 

public) sources to produce the report.  

Diverse information sources ð including secondary administrative data ð such as 

attaché reports and analysis of foreign commodity developments, domestic and 

foreign regional assessments, and National Agricult ural Statistics Service (NASS) 

U.S. crop and livestock estimates.  This vast information base is then critically 

reviewed and analyzed by the relevant committees to arrive at consensus 

estimates. During the growing season, those estimates are compared with new 

available information on production, supply and utilization, and revisions are 

made as deemed necessary.  

The issue of March 8, 2018  of the report is available to the public. In essence the 

WASDE reports full supply/utilization accounts for each of the commodities they 

are focusing on. Separate estimates are made for components of supply (carry -

in/beginning stocks, imports, and production) and utilization/demand (domestic 

use, exports, and carry -on/ending stocks). The WASDE report also reports 

estimates of seasonñaverage farm prices for most items.  

 



Grain Stocks Estimation through Secondary Data sources-The Case of Zambia 38 | P a g e  
 

Needless to say, the process of estimating prices and SUA balance sheet items is 

quite complex and involves the subtle interactions of expert judgment, 

commodity models, and in -depth research by USDA analysts on decisive 

domestic and international issues.  

 

So, the WASDE report is a typical example showing the perfect relevance of the 

SUA balance sheet approach that provides highly needed stock estimates. This 

report is so important to the US and the rest of the  World that very strict security 

conditions preside its publication. The USDA website describe those Lock -up 

Conditions as follows: òTo assure the highly market -sensitive information is 

released simultaneously to all end -users, and not prematurely to any o ne, the 

WASDE report is prepared under tight security in a specially designed area of 

USDAõs South Building. The morning of release, doors in the òlockupó area are 

secured, window shades are sealed, and telephone and Internet 

communications are blocked. On ce analysts present their credentials to a guard, 

they enter the secured area to finalize the WASDE report. Communications with 

the outside world are suspended until the report is released at 12:00 noon Eastern 

Time.ó 

 

The Foreign Agriculture Service (FSA)  of the USDA also publishes the report òGrain: 

World Markets and Tradeó that contain SUA data (including beginning and 

ending stocks).  

 

Moreover, on the FSA website, anybody in the World with an Internet access, can 

directly view official statistics on scr een, or access downloadable files containing 

official statistics for most countries in the World, that are generated when each 

commodity's data is released. These data files in the Production, Supply & 

Distribution Database (PSD) comprise of all relevant S UA attributes, countries and 

years pertaining to a particular commodity.  

 

Along the same lines, Food and Agriculture Organization of the United Nations, 

(FAO), maintains the most comprehensive data on national food availability in 

the World in the form of SUA/Food Balance Sheets. Anybody in the World with 

decent Internet can access, FAOSTAT, an electronic data base available through 

the Internet. This database has data from 1961 to present for some 210 countries 

in a multilingual format. There are about 3 m illion time -series covering a range of 

domains on agriculture (production, consumption, trade, prices and resources), 

nutrition, fisheries, forestry, food aid, land use and population. The SUA part of the 

FBSs, however uses an FBS format that does not show  beginning and ending 

stocks; instead changes in stocks are reported for any given commodity.  

 

The Organization for Economic Cooperation and Development (OECD) also 

publishes a number of databases in Agriculture Statistics from their website 

(http://stats.oecd.org ). The OECD-FAO Agricultural Outlook includes projections 

http://stats.oecd.org/
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for the period 2016 -2025. As they mention, in most cases the data go back to 1970 

and cover up to the latest year of projection. The dataset contains projections on 

the agriculture market and commodities such as cereals, oilseeds, dairy products, 

cotton and more. Statistics on the trade side feature data on production and 

output, prices, trade balance, ending stocks, consumption, transformation , etc. 

Domestic and international commodity prices are also made available for most 

of the commodity markets analyzed. A great feature is that an extensive glossary 

and metadata are also available from their iLibrary website ( http://oecd -

ilibrary.org ).  

 

A simplified version of the FBS are the South African Development Coalitionõs 

(SADC) has prepared simplified versions of food balance sheets for their member 

countries. The crops/commodities covered include maize, rice, wheat, 

sorghum/millet, and cassava. They basically make use of the information to assess 

any surplus or deficit in food supply; researchers, planners, and policy makers as 

well use it with the objective of avoiding food shortages and famine. The data set 

encompass as well subsistence production.  Most of the data is provided by 

government ministries with through their early warning systems, which gather 

annual data via rapid crop assessments and/or sample surveys, with crop field 

measurements, crop cut ting through yield sub -plots, and farming household 

interviews. Variables and parameters studied encompass opening stocks, gross 

harvest, desired state grain reserves (SGR) carryover stocks, gross domestic 

requirements, imports and exports, estimated closi ng stock or current stock, 

domestic shortfall/surplus, and import gap. Their consumption figure (gross 

domestic requirements) incorporates food, feed, seed, losses, and other uses. 

These SADC food balance sheets are not as detailed as the FAO standard ones  

in terms of categories; however, they provide forthright presentation of supply 

data that can be made use of for different purposes. Their open data portal can 

be found at ( http://sadc.opendataforafrica.or g ). Users can login and for 

instance, use dimension filter to select data to visualize.  

 

The present guidelines advocates a simplified approach similar in principle to the 

WASDE (use of administrative data, modeling, etc.) that could be carried out by 

the statistics agency in charge of surveys and that will initially  draw upon the 

formidable potential of these existing international databases (FAOSTAT, PSD, 

OECD, etc.), international statistical publications, other existing secondary data 

(administrative records, technological research information) at national level a nd 

collect additional òground-truthingó as well as qualitative information through 

stakeholder interviews and dialogue. The data collection ð both qualitative and 

quantitative data ð is geared towards selected agricultural supply chains 

beginning with inpu t supply, through to farm production, assembly, processing, 

logistics through to the final consumers.  

 

http://oecd-ilibrary.org/
http://oecd-ilibrary.org/
http://sadc.opendataforafrica.org/
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It is hoped that the improvements presented in these guidelines will assist policy 

makers, planners, and statisticians to build a sustainable, relevant a nd reliable 

information base n eeded for  better market  stability and food security planning 

and monitoring.  

 

  



Grain Stocks Estimation through Secondary Data sources-The Case of Zambia 41 | P a g e  
 

2 ACKNOWLEDGEMENTS 

 

These guidelines are the result of a research project undertaken within the AMIS 

project of the FAO.  

 

The methodology presented in the guidelines has been developed by Mbaye 

Kebe, consultant, under the supervision of Yakob Mudesir Seid in collaboration 

with. Particular thanks are extended to Kebe for the excellent work, perseverance 

and dedication to working on an uncharted and com plex domain.  

 

While elaborating these guidelines, we have benefited from the insights of the 

following: Christophe Duhamel, project coordinator, Global Strategy, Goodson 

Sinyenga, Director General, CSO; Derrick Sikombe, Assistant Director, Policy and 

Plann ing Department, MoA; Daniel Daka, Assistant Director , Agricultural Statistics 

Division, CSO; Dr. Harrison Banda, Executive Director, Millers Association of 

Zambia; Humphrey Musonda, Market Information Coordinator, Food Reserve 

Agency; Iqbal Y. Alloo, Mana ging Director, Sable Farms; Precious Muzhiwo, 

Compliance Officer, ZAMACE limited; Mkandawire, Manager, GTAZ and Mainza 

Chomba, Economist, ZNFU  

 

Elements of the present guidelines draw on the results of the research being 

undertaken by the Global strategy o n post -harvest stock estimates and ôFAO/WFP 

Guidelines for Crop and Food Security Assessment Missions (CFSAMs)õ. The 

guidelines could not have been written without the comments and assistance 

from Mr Yakob Mudesir.  

 

The methodology proposed in these guidelines has been developed based on 

earlier work undertaken in this area, pilot country experiences and numerous 

contributions from experts.  

 

New experiences will be made as the guidelines will be used by an increasing 

number of countries. We would like  to invite the users of these guidelines to 

communicate any suggestions for improvement to the editors.  

 

  



Grain Stocks Estimation through Secondary Data sources-The Case of Zambia 42 | P a g e  
 

3 GLOSSARY 

Grain : Is used in this review in a broad sense and includes cereals and pulses; it 

includes cereals on the head, ear or cob, and after threshing or shelling, and 

pulses both shelled and in pod.  

Food:  Commodities which people normally eat: the weight of wholesome edible 

material, measured on a moisture -free basis that would normally be consumed 

by humans. Inedible portions of the crop, suc h as stalks, hulls and leaves, are not 

food. Crops for consumption by animals are not considered food.  

Stock:  Quantity of commodities held in storage by any of the various agents along 

the supply chain from farmers to consumers at an instant in time . 

Carry -in stocks (or opening stocks) : Quantity in stocks available at the beginning 

of the reference period irrespective of origin, i.e. including domestic production 

and imports. In principle, these should include stocks held at various levels 

between the farm and the level at which the òfinal consumptionó of the 

commodity is measured. Thus, government stocks, stocks with manufacturers, 

importers, exporters and other wholesale merchants, transport and storage 

enterprises and stock on farms are included.  

Carry -ou t stocks (or closing stocks):  Quantity of stocks held at the end of the 

reference period and carried into the next irrespective of origin, i.e. including 

domestic production or imports. Carry -out stocks are equal to the Carry -in stocks 

of the following ref erence period.  

Stock variation (or Change in Stocks):  Changes in stocks occurring during the 

reference period at all levels between the production and the retail levels, i.e. 

including changes in government stocks, in stocks with manufacturers, importers, 

exporters, other wholesale and retail merchants, transport and storage enterprises 

and in stocks on farms.  

Working (or pipeline stocks):  Quantity of a commodity held in storage by a food 

processor, livestock feeder or other agent in the normal course of it s activity to 

ensure continuous operations.  

Reserves (or buffer stocks):  Quantity of storage in excess of working stocks. They 

can also be defined as the quantity of a commodity held in storage to influence 

market outcomes or maintain food supplies through out the crop year.  

Public stocks:  Quantity of a commodity held in storage by public agencies or 

parastatal farms, irrespective of final use (working stocks or reserves).  

Private stocks: Quantity of a commodity held in storage by any of the private 

agents a long the supply chain, from farmers to consumers.  
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Assessment  is the process of gathering information using various methods to 

systematically gauge the effectiveness of the domain.  

Measurement  is the reproducible procedure of extracting, recording or mapping 

basic quantitative or qualitative facts about stocks; reproducible implies that the 

same procedure applied by any operator under the same circumstances will 

yield the same outcomes.  

Estimation  is the process by which measured basic data are combined, 

interpreted; experience and judgment are combined during the process to bear 

on the factual data.  

 

Scope and coverage  refer to the data items to be collected. Within the 

information system approach, the items being investigated are defined as 

dimensions and measures.  

 

Dimensions  are the variables used as categories (also known as categorical or 

independent variables).  Dimensions are the various items and their classifications, 

the crop types, the geographic locations, the stock types, time (cropping year), 

the processes/activities, the main actors of the value chain, and the 

technologies.  

 

Food security exists when all pe ople, at all times, have physical and economic 

access to sufficient, safe and nutritious food for a healthy and active life (World 

Food Summit Plan of Action, paragraph 1, 1996).  

 

Household food security  is the application of this concept at the household level. 

People (households) who have assured access to sufficient food throughout the 

year are said to be òfood-secureó. 

 

Food utilization refers to the use that is made of food. According to general food 

security literature and analyses, food utilization r efers to: (a) householdsõ use of 

the food to which they have access, and (b) individualsõ ability to absorb nutrients 

- the conversion efficiency of food by the body. In the specific context of a food 

balance sheet, projected food utilization refers to the  forecast requirements for 

staple foods during the coming marketing year including food for human 

consumption (òfood useó), for use as seed, fodder and industrial purposes, plus 

post -harvest losses and exports.  

 

Marketing year : a 12 month period immediatel y following the harvest of the main 

cropping season. For example, in much of southern Africa the main season 

harvest starts in March and goes on until May, consequently April to March is used 

as a marketing year. (See FAO/GIEWS website for a complete list of marketing 

years for various countries.)  
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Yield (for quick assessment purposes) refers to the actual whole grain yield 

obtained at harvest time - a figure that accounts for losses incurred during 

harvesting and threshing excluding post -harvest losses. 

 
Action plan : an operational plan which is designed at national and sub -national 

levels which identifies the specific activities, responsible persons, expected 

outputs, required resources, costs and time schedule that relate to the quick 

assessment undertaking. The action plan is also referred to as an operational plan.  

 

Database : an organized computerized system, which allows one to enter, store 

and process data as well as to produce data outputs/tables.  

 

Indicator:  an indicator or a variable is a s ynthesized and analyzable information, 

presented in terms of a measurable value (such as a ratio, rate, percentage etc.).  
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4 RATIONALE AND PURPOSE OF THE GUIDELINES 

4.1 RATIONALE FOR THE GUIDELINES 

 

The Agricultural Market Information System (AMIS) project of the Food and 

Agriculture Organization of the United Nations (FAO) is undertaking a research on 

methods to improve food grain stock estimation for member countries.  

There has been in the past wid e research on estimation of food grain area, yield, 

production, and food grain stocks in developing countries all different disciplines 

that are very closely related. Currently however, standard methodological 

guidelines for collecting, storing, processing , analyzing, disseminating data and 

estimating food grain stocks through rapid cost -effective methods of secondary 

data, have not been systematically proposed.   

The primary objective is to quickly et economically  gather information from 

agricultural valu e chain entities such as commercial producers, farmers, traders, 

processors, and others, to determine the extent of private stock holdings at critical 

times.  This encompasses direct supply chain participants, as well as private and 

public sector support se rvice providers. The approach combines secondary 

information, and validation process to inform decision -making and policy analysis 

that satisfy the needs for better crop/commodity stock information.  

 

Stock data are needed for market performance monitoring (annual carry -out 

stocks determine to a large extent private market prices), policy 

implementation, and food security.  

This focus on rapid assessments is motivated by the growing attention to 

decreas ing the cost of collecting grain stock information among national 

governments, and international agencies. A wide information base, better 

availability and accessibility of qualitative and quantitative stock data and other 

related concerns are among the ke y factors that continue to raise the profile of 

rapid assessment of grain stocks through value chains.  

4.2 PURPOSE FOR THE GUIDELINES 

 

The guidelines feature an operationally focused framework for undertaking rapid 

assessments of grain stocks within agricultur al supply chains in developing 

countries. They provide basic information and practical guidance for estimation 

of food grain stocks leveraging secondary data, that complement traditional 

stock estimation through sample surveys, highlights conceptual, techn ical and 



Grain Stocks Estimation through Secondary Data sources-The Case of Zambia 46 | P a g e  
 

human related issues with tools for countries wishing to improve their stock 

information system.   

  

4.3 WHO IS THESE GUIDELINES FOR 

 

These guidelines provide basic information and practical guidance for anyone 

who participates in the rapid assessment  exercise - whether as a consultant, a 

government or other agency participant -. They can also be of use to 

organizations and individuals who provide information for such an undertaking or 

need to use the findings of a quick assessment report.  

The guidelin es in this document will also be of use to statisticians and managers in 

national statistics and other government offices/agencies wanting to develop or 

improve their national statistical information system for food and agriculture for 

the rapid estimation  of grain and other food stocks.  
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5 THE CONCEPTUAL FRAMEWORK 

 

The single most important measure for stocks is defined as the quantities of 

particular crops/commodities held in storage by the value chain actors, from 

farmers to consumers, at a given time, expressed in metric tons or kilograms. These 

stocks are then broken down along various dimensions/categories. Stocks are 

held by chain agents for the purposes of food security or business.  

Categorization of food/commodity stocks  should take into considerat ion the 

different forms in which crops are stored, the agents within the supply chain 

holding them, when they are held and why they are held.  

In terms of price and market outcomes determination, amounts of crops stored 

at the end of the crop year and carri ed into the next play an important role; 

hence their characterization as  òcarry-out stocksó or òending stocksó. The carry -

out stocks influence the relationship between prices from one crop year to the 

other; for large and sizeable stocks, the cost of stor age is what brings about the 

linkage between the prices; meanwhile when low harvests are expected, 

domestic prices disconnect leading to low stocks. Carry -out stocks also play a role 

in situations where a crop/commodity is harvested at least twice a year.  

The amount of stock held  in a given year, has been found appropriate for food -

security policy concerns, given their impact on the level of living of certain actors 

of the supply chains. In many countries, poor subsistence farmers have sold their 

grains fol lowing recent harvest for low prices, and found themselves having to buy 

grains for food or seed for quite high prices before the next harvest.   

Specific inquiries may have to be undertaken to collect data on short-term 

stocks ; these stocks may have a noticeable effect on market behavior since they 

can highlight the way crops are allocated and used during the crop season.  

The frequency of stock data collection activities, as well as their scope, may 

depend on the scheduling of  stock holding during the cropping year. Hence, it 

might be preferable to express stocks by pinpointing the chain entity actually 

owning the crop/commodity being stored. Enter the distinction between public 

and private stocks for instance; reserves of a sp ecific crop owned by government 

agencies/parastatals are called public socks , while those held by chain entities 

like farmers, traders, and end users are termed private stocks . 

There are caveats though; in some cases, chain agents holding the stock may 

not  be the owner and in that case, this has to be taken care of. In addition, further 

categorization of the term òprivate stockó might be necessary for instance along 
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the lines of òon-farm stocksó, òcommercial stocksó, and ònon-farm household 

stockó. 

Bearing in mind the purposes for which stocks are held by the chain agents, 

concepts such as òworking stocksó and òreservesó are perfectly relevant for food -

security policy concerns. Working stocks are the amounts of a crop/commodity 

held by a value chain agent to ensure the continuity of their operations.  The 

surplus storage of working stocks can be denoted as reserves, buffer stocks or 

stocks held with the aim to influence prices or maintain food supplies from one 

crop year to the next.  

Under government  settings, reserves stocks may be categorized as òemergency 

reservesó, òstrategic grain reservesó, òfood security reservesó, etc. especially if 

they were mandated by the political infrastructure. For private sector agents 

however, the distinction might be blurry since they will hold reserves and working 

stocks without stark distinction between them.  

Generally, all quick assessment, should draw on this overall conceptual 

framework. However, the relative significance of each element of the framework 

depends on the region and the country. Hence, the framework must therefore be 

adapted to reflect the context of each particular assessment. This is done in the 

country , on basis of the consultations held with the stakeholders. The adaptation 

should be done by revi ewing of secondary information and discussion with key 

informants.  

As already explained in the foreword, the recommended approach will make use 

of SUAs/FBSs and other tools to provide stock estimates at national level for any 

given country. In addition, t his approach will be targeting for now, the òlow-

hanging fruitsó, namely beginning (carry -in) and ending (carry -out) stocks.  
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6 ESTIMATION METHODS AND TECHNIQUES   

 

The 2007-2008 food crisis dramatically highlighted the urgent need for better 

agricultural stock information. Specifically, information on grain and oilseeds 

stocks is lacking. Improved stock data/information is needed for i) market 

performance improvement (annual carry -out stocks determine to a large extent 

private market prices), ii) policy im plementation, and iii) food security.  

At present only some developed countries run regular (quarterly) surveys to 

estimate stocks. However, the international community ( FAOSTAT, AMIS, etc.) and 

the majority of national governments rely on estimating stocks as a residual 

worked out from a food balance sheet (FBS) or supply utilization account (SUA).  

Supply utilization accounts are basically time series data showing basic statistics 

on supply (production, imports and beginning stocks) and utilization (exports, 

seed, feed, waste, industrial use, food, ending stocks and other use) which are 

kept bundled together to allow the matching of food supply with food 

demand/use. They constitute the basis of statistics for food and agricultural 

commodities - traced from production, utilization to consumption, and are 

constructed for primary crops, livestock and fish commodities.  

 

The preparation of SUAs requires:  

 

¶ Drawing up a list of relevant food and agri cultural commodities  

¶ Searching for data.  

¶ Choosing a suitable reporting units ð (metric system recommended).  

   

 

Ideally, the consistent data should be collected from the national statistical 

system, with sources like:  

¶ National statistics office/agency, Ministry of Agriculture for production 

data.  

¶ National statistics office for trade (import/export) data.  

¶ Marketing authorities, traders and processors, factories or farmer stock 

surveys for stock data.  

¶ Production surveys or estimates by government for feed and seeds data.  

¶ Manufacturing surveys for waste data.  

¶ Industrial use ð Manufacturing surveys  for industrial use data.  

The standard SUAs for crops have the following table structure:  

Supply Utilization 
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Production Carry-out stocks 

Imports Exports 

Carry-in stocks Feed 

 Seed 

 Waste 

 Processing for food 

 Food availability 

 Other utilization 

 

The fundamental SUA equation is stated as:  Supply = Utilization  

 

The three (3) forms of the statement can be described as follows:  

 

1. Production + imports + carry -in stocks = exports + feed + seed + waste + 

processing for food + food + other use.  

 

2. Production + imports = exports + feed + seed + waste + processing for food 

+ food + other use + carry -out stocks.  

 

3. Production + imports ð exports + change in stocks = supply for domestic 

utilization.  

 

Note that FAO has adopted statement number 3 for FBSs . 

These guidelines will instead make use of a modified version of statement number 

1. 

SUAs have been traditionally used for applications such as:  

¶ Production index numbers, trade & supply ð indicators for reviewing 

agricultural output progress.  

¶ Self-sufficiency ratio and import dependency ratio calculation.  

¶ Food balance sheets.  

 

Food balance sheets (FBSs) are SUAs with the additional characteristics/traits that 

help:  

¶ Measure food supply for a given population.  

¶ Highlight quantities and types of food available for human consumption.  

¶ Highlight sources of supply and utilization.  

¶ Show trends in the food supply over time.  

¶ Highlight patterns of the diet  

¶ Highlight nutritional  requirements  
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By taking the data for a given period, restricted to food commodities and 

converting the food into calories, proteins and fats (for each commodity), it 

becomes easy to prepare food balance sheets (FBS).  

FBSs comprises of three (3) main compo nents:  

ð Supply ( Production, imports and change in stocks)  

ð Utilization ( Exports, feed, seed, food and other use)  

ð Per capita food supply ( Population and nutrient content ð calories, protein and 

fat).  

 

The majority of developing countries that cannot afford the conduct of regular 

stock surveys, use SUA/FBS approach to estimate stocks as residual from the 

equation. Hence, the rationale for countries to bring improvement on this 

approach (as also suggested  by Abbot); countries will leverage the possibilities of 

secondary data sources including administrative records, management 

information systems databases, international statistical publications, and 

technological research (modeling) and also provide bette r estimates of the 

various òusesó that appear on the demand (supply) side of the basic equation. 

The exercise assumes that a certain level of baseline information (from survey -

censuses, administrative records) will be available. It is countriesõ responsibility to 

ensure core food and agriculture statistics have been/are being regularly 

collected, processed and disseminated within their national statistical systems. 

This will enable quantitative analyses to complement more qualitative analyses 

based on stake holder opinions. The assessment is designed to deal with crop -

based (rather than animal product) products/commodities.  

 

The core team will be setup by the Government office responsible for the conduct 

of stock surveys be it Ministry of Agriculture or Central Statistics Agency. Better yet, 

given the importance of agriculture and food -related data/information, to all 

relevant stakeholders, countries are encouraged to form solid and viable forum 

or committee that will be in charge of the contemplated appr oach. The core 

design team will then be operating under the steering of such a national 

committee.  

 
The core team will basically undertake ôrapid verification assessmentõ exercises, 

similar to other popular FAO/WFP, etc. types of assessments, in which they : 

 

1) critically examines available data and analyses, including the findings of 

assessments already undertaken;  

2) interviews a range of key informants if necessary;  
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3) undertakes field visits to check and, if necessary, adjust existing estimates 

of crop production for the forthcoming harvest, stocks, and current and 

expected levels of household food insecurity in the affected areas;  

4) synthesizes and triangulates data from a wide range of data sources, 

including its own observations and findings in a concis e and rigorous way;  

 

Specific tasks to be accomplished by may include (depending on the specific 

objectives):  

 

1) To verify/refine/make (as appropriate) estimates - forecasts - for food 

production in the forthcoming marketing year - at national and, where 

app ropriate and possible - based on assessment of the status of, and 

prospects for, major staple food crops.   

2) To verify/refine/make (as appropriate) estimates of food stocks  in the 

coming year.  

 

They should pay particular attention to timing issues couples with the existence of 

cropping seasons, to make quantitative estimates of stocks and production with 

some acceptable reliability.  

 

Any given estimation process is undertaken at a particular point in time in an 

ongoing process of assessment and planning. It  complements and draws on a 

range of other monitoring and assessment activities, stock surveys, and 

agricultural surveys for a given country. Hence, it will draw on the information, 

guidance materials and other resources made available by those 

surveys/assessments. 

The core design team that will carry out the activities necessary to prepare the 

stock estimates will need to be conversant in SUAs/FBS, in econometric modeling, 

and in times series analysis with corresponding information technology -

information s ystems skills. Hence a team comprising of agronomist, agriculture 

economist, data processing/computer expert, and statistician should be set up.  

Annual carry -forward stocks remain the number one objective in these guidelines. 

As already mentioned it is the  quantity of a commodity in storage at the specific 

point in the crop year when stocks are at their lowest level, coinciding with the 

first day of the month when harvest begins.  

6.1 GETTING STARTED 
 

The core design team will first make a decision about the crops/commodities to 

be included in the exercise based on the governmentõs major policy concerns 
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and priorities in the food and agriculture sector. Priorities for instance may be 

based on foreign exchange earnings, employment generation, food securities, 

etc. There is a proposed list of commodities by the FAO Statistics Division 

reproduced in Appendix 1.  

The next step for the core design team is to make the decision concerning the 

reference period for which the estimates are needed. The main options are i) the 

calendar year, ii) marketing year, and iii) cropping season(s). Ideally the cropping 

season should be selected so that estimates will refer to the period when 

harvesting has just been completed.   

During the next step three (3), the core design team will download and familiarize 

themselves with the SUAs/FBS from the FAOSTAT website, the USDA 

psd_grains_pulses_csv.zip file of the Production, Supply & Distribution Database 

(PSD) from the FSA website, the relevant FAO -OECD Agriculture outlook dataset, 

and any other relevant regional or in -country dataset from available data portals.  

In addition, all available international reports on food and agriculture statistics 

from the international community (WASD E, USDA Grain World Market Trade, 

OECD-FAO agricultural outlook 2016 -2025, the latest FAO reports on World 

Agriculture), all available regional and neighboring countriesõ agricultural 

statistics reports, and relevant reports from the national statistics ag ency/ministry 

of agriculture/relevant agriculture boards, etc. should be compiled and 

consulted for their potential to provide initial estimates for the main elements of 

the SUAs. 

6.2 CALCULATING A PRELIMINARY BALANCE ESTIMATES 
 

At this stage, it helps to make  use of the balance estimate form provided in 

appendix 2. Using the modified form of statement 1 of the SUAs:  

SUPPLY = UTILIZATION 

I. SUPPLY = Production + Imports + Carry -in stocks  

II. UTILIZATION = Exports + Domestic Consumption (human consumption + 

seeds + livestock and poultry feed + industrial use + losses + other 

consumption) + Carry -out stocks.  

 

In line with the FAO recommendations balance estimates should be calculated 

for the main product, i.e. including both grain and processed grain products 

expressed i n grain equivalent. When calculating each grain crop balance, 

processed grain products must be converted into the main product using the 
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appropriate coefficients and conversion factors. These conversion factors are 

provided in the FAO website and may vary slightly from country to country . The 

meaning of the different components interacting in the SUAs are as follows:  

6.2.1 The Components of Utilization  

 

Human  Consumption  

The grain and grain products for human consumption  include any form of grain 

used by the countryõs population for personal consumption. 

The human consumption is composed of the production during the period under 

study, the imports and the stock consumption. The human consumption of grain 

and grain products (in many countries this may include flour, cereals, legumes, 

bread products, pasta and pastries), all calculated in grain  equivalent.  

 

The volume of human consumption is a basic indicator for the calculation of 

balance estimates.  

 

The human consumption estimate is computed as the product of the countryõs 

estimated population during the period under study by the estimated per capita 

food consumption for each product.  

 

In order to assess the estimated per capita food consumption, it helps to consider 

the food consumption as functionally dependi ng on the income in a number of 

previous years.  

 

 

Seeds, Livestock and Poultry Feed  

This is the amount of grain used for agricultural production needs (sowing and 

animal  feeding).  

The seed use calculation is based on the estimated grain sowing areas and 

sowing norms (the average of the actual amounts of seeds used per hectare of 

sowing area in the last five years for instance). This data is periodically updated 

with the sowing norms provided by agronomists (technological research data).  

 

The livestock feed use calculation can be based on data from technological 

research data, and administrative data from the Ministry of Agriculture and 

Livestock.  

 

Industrial use  
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This includes the amount of grain used in production of alcohol, etc. and is part 

of domestic  consumption. When preparing balance estimates, industrial use can 

be determined from government ministries and relevant statistical agenciesõ 

reports from the previous years, discussions with professional public organizations 

of agricultur al producers, and expert opinions such as agronomists. Companies 

engaged in storage and processing of cereal and oilseed crops (which are 

owning or leasing storage and processing facilities), and on expert assessments 

can also provide useful information.  

Losses 

Losses should be differentiated into production losses and sales losses. Sales losses 

are determined as losses occurred during storage, transportation, and 

processing. They include decreases of grain weight caused by the decrease of 

moisture content,  by the reduction of waste and grain additives, and by natural 

grain weight losses during storage (depending on its  duration).The amount of 

losses (in all phases, from production to sale) is determined as a share of 

production represented by the ratio betw een losses and production amounts for 

the last five years.  

 

Loss data can be provided by technological data from government ministries 

experimental research stations or Ministry of agriculture extension service or 

central statistics agency if they conduct annual agriculture surveys.  

 

Export  

Export is the amount of grain (including flour and other processed products in 

grain equivalent) legally exported during the period under study (excluding grain 

transits from other countries).  

 

When preparing balance est imates, export is considered to be the amount of 

grain which may be exported during the period under study once all domestic 

market needs are fully met.  

 

Estimated export is determined before the beginning of the period under study 

as the difference between the estimated availability of cereal crops and the 

domestic demand excluding carryover stock.  

 

During the period under study, estimated annual export is adjusted on a monthly 

basis considering the actual amount of grain (including processed grain 

p roducts) shipped for export and determined according to statistical data from 

Customs.  
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6.2.2 The Components of  Supply  

 

Production  

Production during the period under study is the main source of supply for the 
country.  
 

When compiling the production component, annual production is compiled for 

all farms categories.  

 

Estimated production is based whenever possible on estimated harvested areas 

and average grain yields in recent years.  

 

Crop yield can be provided by annual agricultural surveys (either from the 

statistics agency or the Ministry of agriculture) or technological research data 

from experimental research stations, or is determined by an expert analysis 

based on the average actual yield of the last  five years mod ulated by the 

assessment of crop condition and prospects of development for the current 

season.  

 

Stocks  

Carry -in stock  is the amount of grain which, at the beginning of the period under 

study, is or will be stored in any storage facility.  

Carry -out  is the amount of grain which, at the end of the period under study, is 

stored in any storage facility. This amount does not include newly -harvested grains 

(for example, new grains harvested before the beginning of new season).  

If possible, stock must be calculated separately for individual households, 

agricultural producers, and grain processing and grain storage enterprises 

including government reserves.  

Import  

Import is the amount of grain (including flour and other processed products in 

grain equivalen t) legally imported during the marketing year (excluding grain 

transits). 

 

Estimated import is calculated by expert judgement of the amount of grain which 

must be imported to cover the domestic market deficit (if any). It is monthly 

adjusted with the actua l amounts of grain and processed grain products which 

have been already imported since the beginning of the marketing year and 
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determined according to customs statistics and monthly trends observed during 

past five years.  

6.2.3 Estimating the components of SUPPL Y 

 

The most critical task here is to provide the best estimates for Production and 

Imports.  

Production is Yield times Area Harvested. The Ministry of Agriculture or the National 

Statistics Agency should normally be able to provide assistance with production 

data if they are conducting regular annual agriculture surveys.  

If not, production figure s can be estimated in a number of ways by taking five -

year averages of previous production estimates from the country past surveys of 

previous assessments (including previous FAO/WFP country assessment).  

If that is still not available, the international/r egional time series downloaded 

previously can be used to provide initial estimates of production through the 

fitting of ARMA or ARIMA models for time series forecasting. These same 

downloaded time series will also allow the analysis of temporal correlation s 

between for instance Production at time t -1 and Carry -in stock at time t. The 

existence of significant high correlations between the two would readily allow the 

estimation of Carry -in stock directly from Production through regression analysis.  

 

In some countries, where good historical data exists, econometric models for 

estimating Supply and Demand for grains can be used to provide total supply 

and demand estimates. In fact the OECD-FAO Agricultural Outlook is generated 

through the use of the AGLINK -COSIMO model, which is a òpartial equilibriumó 

model for the main output commodities; it is also recursive -dynamic meaning 

each year is modelled over the projection period and depends on the outcome 

of previous years. It models ten years into the future.  

  

Estimation of Imports (taking into consideration FAO recommendations) from 

administrative records provided by Customs/Ministry of trade/National statistics 

agency within the country should be feasible. If not, use the same techniques as 

for estimating Prod uction (5 -year averages, times series forecasting, econometric 

modeling) to estimate Imports.  

SUPPLY can also be estimated using the same techniques especially with a Supply 

response econometric model.  

Once initial good estimates of Production, Imports a nd SUPPLY are made 

available, Carry -in stocks can then be readily estimated through the equation:  
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Estimated Carry -in = Estimated SUPPLY ð Estimated Production ð Estimated Imports.  

The validation or òground-truthingó of the estimated indicators/parameters 

arrived at should then normally follow as done and recommended by FAO/WFP  

during their CFSAM crop assessments missions through additional data 

triangulation  from the different sour ces and possibly interviews and organization 

of focus group discussions with key stakeholders.  

As a reminder, by triangulation  (FAO/WFP Joint Guidelines January 2009 for Crop 

and Food Security Assessment Missions ðCFSAMs-), it is meant the following:  

òthe  process through which information from different sources is compared to determine 

whether or not evidence converges. As a rule of thumb, if at least three diverse sources 

provide consistent information, and if there are not significant numbers of sources 

providing inconsistent information,  

then the information can be used with confidence. The higher the ratio of òconsistentó to 

òinconsistentó, the greater will be the level of confidence. 

For example:  

Å With 4 sources of information: If 3 sources provide consistent information, this can be 

treated with guarded confidence; the reasons for which the 4th source disagrees should 

be carefully investigated.  

Å With 10 sources of information: If 9 sources provide consistent information, this can be 

treated with a higher level of confidence than in the previous example.  

However, when considering convergence of evidence, it is usually necessary to apply 

judgment. In the second example given above, it is possible that the ninth (dissenting) 

source might be much more r eliable than the others.  

Triangulation is a cornerstone of the analysis of both qualitative and quantitative data. 

For example: for qualitative data, information from different focus groups and key 

informants is compared; for quantitative data, conclusions  drawn from different cross -

tabulations are compared. Triangulation can also be used to check consistency between 

qualitative and quantitative data. ó 

6.2.4  An example of estimating the components of SUPPLY  

 

Data set used: download of the file psd_grains_pulses_ csv.zip from USDA ð FSA 

website; the file psd_grains_pulses.csv was then extracted and read into Excel 

2013; the first few records look like this:  
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The pivot table functionality was then used to extract data for wheat in TANZANIA  from 1960 to 

2016. 

The first few records are displayed here for the readerõs convenience: 

 

This file was then read into the RStudio free and open -source software using the 

command:  

TanzaniaSUA = 

read.xlsx("C:/Users/U.S.Airport/Desktop/TestSUATsa/Tanzania_SUA_FSA_Wheat.xls

x", 1) 

The 2017 and 2018 estimates for Production, SUPPLY, Imports, UTILIZATION, and 

Domestic Consumption were obtained using the Time Series functionalities within 

the òastaó RSTUDIO package/library.  

The simple commands used in Rstudio read like this:  
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library(xlsx) 

library(astsa)  

head(5)  

ls(TanzaniaSUA) 

 

 

 

Production = ts(TanzaniaSUA$Production, 

start=c(1960),end=c(2016),frequency=1)  

SUPPLY = ts(TanzaniaSUA$Total.Supply, start=c(1960),end=c(2016),frequency=1 )  

Imports = ts(TanzaniaSUA$Imports, start=c(1960),end=c(2016),frequency=1)  

 

plot(forecast(Production,2))  

plot(forecast(SUPPLY,2))  

plot (forecast(Imports,2))  

 

For instance, this is what Production  gave:  

 

 
 

For SUPPLY, the estimation gave:  

 



Grain Stocks Estimation through Secondary Data sources-The Case of Zambia 61 | P a g e  
 

 
 

 

 

 

 

 

 

 

 

For estimating Imports , the situation was:  
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6.2.5 Estimating the components of DEMAND  

 

Remember that UTILIZATION = Exports + Domestic Consumption + Carry -out stocks.  

Hence Carry -out stocks = UTILIZATION ð Exports ð Domestic consumption  

The core design team can get export data from administrative records provided 

by the major exporters in the country, from records from Customs, or from the 

Ministry of Trade.  

UTLIZATION and Domestic consumption can be estimated through times series 

forecasting techniques making use of the national or international SUA databases 

or previous CFSAMs. The techniques are perfectly similar to estimating the 

components of SUPPLY.  

6.2.6 An example of estimating the components of DEMAND  

 

The exact same procedure as in the case for UTILIZATION was used.  

The equations in Rstudio were:  

UTILIZATION = ts(TanzaniaSUA$Total.Distribution, start=c(1960), end=c(2016), 

frequency=1)  

DomesticConsumption = ts(TanzaniaSUA$Domestic.Consumption, start=c(1960), 

end=c(2016), frequency=1)  

plot(forecast(UTILIZATION,2))  

plot(forecast(DomesticConsumption,2))    

 

Exports was not forecasted using the Time Series functionalities since the data 

was showing 0 for most years. Hence I t was god practice to just average Exports 

over the last four years.  

 

Because SUPPLY = UTILIZATION, the estimates are also equal.  

 

Domestic Consumption  estimates then gave:  
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When using the Time Series Forecasting and Analysis for estimating SUA 

indicators, there are other functionalities that can be also very useful. One  of 

them is the study of cross correlations (CCF) and lagged expressions. In this 

particular case of the Tanzania dataset, a look at the cross correlation between 

Production and Domestic Consumption. The situation is shown as:  

 

 
 

This shows reasonable cor relations (0.60) at lags 0, -1, -2. 

Hence one could also estimate Domestic Consumption knowing Production by 

fitting a regression equation along these lines:  

 

Domestic Consumption 0 = A0 + A1 x Production 0 + A2 x Production -1 + A3 x 

Production -2 + Error Term  

 

Production and Imports have the following CCF:  
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Hence, by the same token Imports can also be estimated by  

Imports 0 = function (Production 0, Production -1, Production -2). 

 

This brings about the idea of using econometric modeling for estimating supply  

and demand for crops/commodities. In so doing however, one should be aware 

of some theoretical pitfalls when using regression techniques on time series. The 

time series being used should be stationary; this can be verified by conducting 

the proper unit ro ot tests for the autoregressive time series,  and in case of 

negative answer perform some transformation (derivatives of the time series) to 

satisfy the assumption. Once those preliminaries are out of the way, equations in 

simultaneous models can be estima ted using Ordinary Least (OLS) or Two Stage 

Least Square (2SLS) methods.  

  

In one case for instance (Pearl Millet in Tanzania), a model specification can take 

the form:  

 

Production = Function (Area harvested, Yield, Consumption, Producer price 

index)  

 

Consumption = Function (Production, Population size, Consumer price)  

 

Other model specifications are possible and will depend on the crop/commodity 

under study, and available data on the background of underlying economic 

theory.  
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7 APPENDIX 1 ς FAO LIST OF COMMODITIES CLASSIFIED BY MAJOR FOOD 

GROUPS  

CEREALS  

Wheat Rice (paddy)  

Barley  

Maize Rye Oats  

Millet Sorghum  

Cereals other  

STARCHY ROOTS  

Potatoes  

Sweet potatoes  

Cassava  

Roots other  

SUGAR  

Sugar cane  

Sugar beet  

Sugar 

non -centrifugal Sugar (raw equiv.)  

Honey  

PULSES  

Beans 

Peas 

Pulses other  

TREE NUTS  

Cashew nuts  

Chestnuts  

Almonds  

Pistachio  

Walnuts  

OIL CROPS - Primary  

Soybeans  

Groundnuts  

Sunflower seed  

Rapeseed & Mustard seed  

Cotton seed  

Coconuts (incl. copra)  

Sesame seed  
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Palm kernels  

Olives  

Oil crops other  

VEGETABLES  

Tomatoes  

Onions  

Vegetables other  

FRUIT  

Oranges  

Mandarines  

Lemons  

Limes 

Grapefruit  

Citrus other  

Bananas Plantains  

Apples (excl. cider)  

Pineapples  

Dates  

Grapes (excl. wine)  

Fruit other  

STIMULANTS 

Coffee  

Cocoa beans  

Tea  

SPICES  

Pepper  

Pimento  

Clove  

Spices other  

ALCOHOLIC BEVERAGES  

Wine  

Barley beer  

Beverages fermented  

Beverages alcoholic  

Alcohol  

non -food  

MEAT 

Bovine meat  
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Mutton/goat meat  

Pig meat  

Poultry meat  

Other meat  

Offals  

MILK  

Cow milk  

Sheep milk  

Goat milk  

EGGS  

Hen eggs  

Eggs other  

FISH AND SEAFOOD  

Freshwater fish  

Marine fish  

Crustaceans  

Molluscs  

VEGETABLE OILS - Secondary  

Soybean oil  

Groundnut oil  

Sunflower -seed oil  

Rape & mustard oil  

Cottonseed oil  

Palm kernel oil  

Palm oil  

Copra oil  

Sesame -seed oil  

Olive oil  

Oil crops  

Oil other  

ANIMAL FATS  

Butter ghee  

Cream  

Fats animal raw  
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8 APPENDIX 2 ς BALANCE ESTIMATES SHEET BY CROP/COMMODITY 

No Indicator Formula 

X Carry-in stocks  SUM(X.1 : X.4) 

X.1 Farm Households/Agricultural producers  

X.2 Grain traders, processors, storage companies  

X.3 Individual households  

X.4 Other  

   

A Supply  (A.1) + (A.2) + (X) 

A.1 Production A.1.1 × A.1.2. 

A.1.1 Area Harvested   

A.1.2 Yield  

A.2 Import  

   

B Utilization  (B.1) + (B.2) + (Y) 

B.1 Domestic consumption  (B.1.1) + (B.1.2) 

B.1.1 Human consumption  

B.1.2 Other consumptions SUM(B.1.2.1 : B.1.2.3) 

B.1.2.1 Seeds, livestock and poultry feed (B.1.2.1.1.) + (B.1.2.1.2.) 

B.1.2.1.1 Seeds  

B.1.2.1.2 Feed  

B.1.2.2 Industrial use  

B.1.2.3 Losses  

B.2 Export  

   

Y Stock at the end of the period  SUM(Y.1 : Y.4) 

Y.1 Farm Households/Agricultural producers  

Y.2. Grain traders, processors, storage companies  

Y.3 Individual households  

Y.4 Other  
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