
Timely and Accurate Crop Yield Forecasting and Estimation 

History and Initial Gap Analysis 

By 

George A. Hanuschak Sr. 

 

GOAL(s)  

The stated project goals are to identify state of the art methods, and suggest improvements 

moving forward, to improve worldwide and national forecasts and estimates of crop yields. It 

sounds quite simple but is anything but simple. It is complex and is very demanding of both 

applying proper statistical methods, and perhaps even more importantly demands very high 

data quality and integrity of the input data sources. This includes very large crop field 

agriculture to very small and often intercropped areas. This includes the majority of rain-fed 

crops to irrigated crops and large holdings like plantations. This includes developed economies, 

developing economies and some un-developed economies. This includes all types of soils, pest 

infestations, crop diseases, weather and climate situations and harvest loss etc. The variation 

even within the same crop year could include bumper record setting yields to parts or entire 

fields in a nearly total crop loss situation. Thus, the methods used must allow for rather 

incredible variability from crop field to crop field or even portions of a field. The project consists 

of a thorough literature review, both theoretical and applied, and an analysis of the strengths 

and weaknesses of current applications of crop yield forecasting and estimation used 

throughout the world. The emphasis here is on ground gathered data approaches. The ag-met 

models with or without remotely sensed data are very well reviewed by Atkinson (2013). I also 

assume that UN-FAO wants to establish or update country systems by working with national 

governments that are stable and have the appropriate staffing of statisticians, agronomists, 

meteorologists, and also remote sensing experts. The UN-FAO is in the best position on where 

to conduct new research studies or to enhance or develop operational systems. 

BRIEF HISTORY 

Starting with the 1940’s and 1950’s, there were at least two major developments. In India, the 

development of initial crop cutting procedures based upon sound statistical sampling 

procedures were developed and implemented. A distinguished statistician, Dr. P. V. Sukatme, 

was essential in establishing those procedures. In fact in the 1950’s, UN-FAO recommended 

these procedures as the desired world standard. The crop cutting method for final yields has 



been adopted by many nations. In a somewhat parallel effort in time, procedures were 

developed in the U.S. for the Florida citrus crop to forecast and estimate the yield of a very 

important tree crop. Dr. Ray Jensen was the statistician responsible for the majority of this 

development. In many respects, these two methods still stand today with some revisions based 

upon new or improved sources of information, such as weather data, soils data, vegetative 

index data most of which is geo-referenced. The power of geo-referenced data will be 

discussed last in this paper before the recommendations on GAP analysis. Those efforts and 

methods were focused initially on final crop yield estimation at or near harvest and then 

progressed over time into crop yield forecasting several months before harvest. The author 

would also include a third category referred to as yield assessments which include valuable and 

needed information, but often can not reliably be converted into a statistical forecast or 

estimate. The review here will include all three types of yield information, including strengths 

and weaknesses. Regardless of the system used, there should be an available public track 

record of the forecast at the time and the final yield estimates that can be independently 

calculated and verified. 

A major development occurred in the U.S. Department of Agriculture in the 1960’s and 

expanded further in the 1970’s and beyond. Statisticians Harold F. Huddleston, William E. Kibler 

and Charles E. Caudill were among those responsible in developing a scientific program referred 

to as “objective yield” for crop yield forecasting and estimation for major crop production areas 

in the U.S. These procedures remain basically intact today, with revisions for improved or new 

sources of data. This program is thoroughly documented by Aune et.al (2006) and more 

recently by Abreu and Riberas (2008). NASS ‘s relatively small International Programs Office has 

worked with numerous countries in transferring some of this methodology on several 

continents. There were advancements around the world on every continent ever since using 

similar procedures, but revised for regional or national or even local conditions. UN-FAO has 

been a consistent guide to many nations on documenting and suggesting state of the art 

procedures to follow. Dr. Rene Gommes, a world recognized expert has published a 

considerable number of papers and documents for agri-meteorological models to forecast and 

estimate crop yields. In the area of agri-meteorological models and outputs, I completely defer 

to Dr. Gommes as the expert source of information and will generally exclude that category in 

this paper. In addition, Dale Atkinson (2013) provided a very detailed literature review of crop 

area and crop yield forecasting using primarily ag met models of some sort. This paper will 

generally refer to crop yield forecasting and estimation systems based upon some form of 

ground data collection, sometimes including additional sources of weather or remotely sensed 

data in addition.  

At the national level, the state of the art varies considerable. For developed nations, most have 

an advanced form of crop forecasting estimation procedures similar to crop cuts and “objective 



yield” procedures, and often an advanced sample survey system of farmer reported yields as 

well. Some even have composite estimation, which is a statistical weighting of the two sources. 

For developing economy nations, there may be a majority portion of such a system being 

developed. For some undeveloped economies, there may yet be a smaller portion of a 

complete and reliable system. One assumes a major project goal is to narrow the gap between 

these systems where possible, realizing the system will likely need to be somewhat different 

based upon the nation, and it’s agricultural portfolio and practices and budget staffing levels for 

agricultural statistics purposes.. 

 

Literature Review (Books and Papers and Operational Documentation)   

After a thorough literature review, some of the most valuable recent documents and papers 

include The Yield Forecasting Program of USDA/NASS (2006,2012), Fermont and Benson (2011) 

from the International Food Policy Research Institute, Joint Research Center of the EU 

methodology descriptions and papers over the last decade, papers from the Indian Agricultural 

Statistics Research Institute (IASRI), UN-FAO documentation. I will base much of my writing 

based upon those excellent references and an individual GAP analysis pointing toward 

productive areas of research for the UN-FAO project’s next phases. There will also be a section 

on appropriate statistical text books as well. There will also be a major emphasis on data quality 

and integrity, regardless of the mathematical/statistical/modeling approaches used as often 

sample sizes are restricted due to  cost considerations. All the methods described and tried 

DEPEND on very high quality data inputs. I will give very specific recommendations on 

maintaining or improving data quality for future efforts. For historic data, the FAOSTAT data 

base is an incredibly detailed source of agricultural related data. 

The USDA/NASS objective yield forecasting system is well done and  well documented by Aune 

et. Al (2006 and 2012), but it is somewhat expensive by world standards and aimed at large 

fields cropping. The models used are dependent on the stage of the crop development 

throughout the cropping season. The publicly available and independently verifiable track 

record is available on NASS’s monthly crop report releases and occasionally in special reports as 

well. The data quality is strictly controlled by detailed field data collector’s manuals and by 

small quality control samples. Probably, the greatest strength of the NASS program is its’ highly 

trained field enumerator staff of thousands spread across the U.S. and also very familiar with 

the local agriculture practices. Since sample sizes and area samples are quite small in a relative 

sense, data quality is very essential. NASS also has a very extensive multiple frame based 

sample of farmer reported projections and final yields. The two major sources are then 

combined in a statistically based composite estimate. NASS also has a detailed Weekly Crop 

Stage and Condition report throughout the season composed of reports from several thousand 



agriculture experts. This report would fall into the category of a crop assessment. Even though 

it does not have a statistically measurable error term, it provides expert opinion knowledge 

throughout the season. Even though NASS does not recommend it for yield modeling, there are 

a number of private sector system forecasts that use the NASS weekly subjective data, often 

combined with weather data and even some remotely sensed data. In fact, the trading of 

agriculture commodities are affected by this data as well as the more scientific monthly crop 

reports of NASS, based upon a weighting of objective yield and farmer reported data.  

Another very impressive system with a long history is that of India, based upon statistically 

defensible procedures for crop cutting and models for crop forecasting. The Indian system was 

the initial basis for the U.N. recommendation to use crop cutting procedures as the desired 

method for final crop yield estimation for decades starting from the 1950’s. Undoubtedly, there 

are now hundreds of national systems across the continents with similar systems. The much 

more recent and thorough paper describing and comparing the various methods of crop yield 

forecasting and estimation by Fermont and Benson (2011) is quite impressive. In addition, it 

was done in Uganda and not a  extremely large economy for agriculture such as the U.S., the 

EU, Brazil, Argentina etc. They provide an excellent description of the methods used throughout 

the world based on ground data collection, including strengths and weaknesses of the various 

methods. It was impressive to see a paper that compared the various methods in a similar 

environment. The methods included crop cuttings, farmer reported, agricultural expert 

reported, those with weather data involved, various forms of crop forecasting, et. al. Their 

conclusions were that crop cuttings were generally upward biased in some form, farmer 

reported were reasonably accurate, and other methods had some form of variation, explained 

or unexplained. The U.S. experience is somewhat similar, but with some differences over time 

about the different methods. One somewhat counter example experienced by the author over 

a career was when a soft red winter wheat crop in a major producing state had nearly eight 

months of nearly perfect weather conditions, but then a very late developing disease reduced 

yields rather dramatically, surprising even the farmers. To look at the fields and the crop, from 

the human eye everything looked great. However, a very late developing crop disease, well 

after plant senescence took a major toll on the crop yield. Even though the wheat plants and 

wheat heads looked great to the human eye, if one grabbed a wheat head and rolled it 

between your hands, the wheat kernels were miniscule in size. The objective yield data near 

harvest reflected this phenomenom, but the farmer reported data did not. So in this very 

complex environment, there seem to be no near perfect solutions. Yield modelers and 

forecasters often claim incredible accuracy, but then highly variable events occasionally surface 

to disprove such claims. In general, regardless of method used, the real track record usually 

shows that the confidence band of a forecast is larger as the time before harvest is. For one 

example Johnson (2011) independently verified NASS objective yield accuracy for corn 4 

months from harvest to have root mean square error up to 6 percent, RMSE dropped to 3 



percent two months from harvest and even the final has a sampling error around one percent. 

This track record is good but not overly impressive.  

NASS has done research on many alternative yield models such as water balance, ag-met, 

markov chains, but has not revised it’s preference for the objective yield approach based 

almost solely on plant and fruit counts and measurements.  Using corn as an example, the 

philosophy is to directly measure for certain crop stages, variables like number of plants, 

number of ears and eventually final size and weight of ears. Based upon the laboratory work, 

the grain samples are dried to a standard moisture content as well. The final yield estimated 

also has a harvest loss component. NASS still does some research on alternatives, especially for 

small area, where objective yield approaches would be far too expensive, even in the U.S.. 

 Several very recent examples were an early South American forecast of soybean yields (2012) 

that proved to be very over optimistic in nature and even caused political tension and the 

drought year of 2012 for the U.S. This are two mature national systems that had early 

forecasting problems in an extreme year. That is due to the FACT that unexplained future 

weather, disease, etc. cannot be fully explained before it’s actual occurrence. Methods and 

data sources related to future predictions become better and better over time, however they 

are still far from perfect. On the other side, the further from harvest that a reliable forecast is 

available, the more valuable it is economically. However, need does not necessarily translate 

into accuracy. Thus there is room for and need for early warning or assessment programs, yield 

forecasting systems built on ground data and agri-met and other models and for farmer 

reported data and for final crop cuttings as well. Economics will likely determine how many 

approaches can be accomplished in any given nation. 

Another excellent program on crop yield forecasting and estimation is that of the EU’s Joint 

Reseach Center in Italy. It is well described by  Genovese (1998, 2006) and by de Wit et. al. 

(2010), ---------------------------- and also on the JRC website.. It generally falls into the ag-met type 

category and is very well  covered by Atkinson (2013) in his detailed literature review. The 

detailed literature review here is presented for both scientific papers and statistical text books 

related to crop yield forecasting and estimation based primarily on ground gathered data, such 

as crop cuttings and forms of objective yield.  There are hundreds of papers listed, some for 

historical purposes. The topic of yield modeling is covered in detail by Atkinson (2013). There is 

considerably more documentation of yield modeling than there is for ground based systems for 

crop yield forecasting. 

THE RICH HISTORY OF RELATED TEXTBOOKS 

There is a very rich history of related statistical textbooks to the subject, directly or indirectly of 

sample surveys for crop area and yield forecasting and estimation. In 1937, Jersey Neyman 



presented a paper introducing the concept of confidence bands to statistics which is quite 

useful to this day. The recognized father of crop cutting in India, P.V. Sukatme studied under J. 

Neyman, R.A. Fischer and E.S. Pearson in London in the late 1930’s and then applied the theory 

to crop cutting experimants in India. In 1954, P.V. Sukatme published his textbook on Sampling 

Theory of Surveys with Applications. In 1953, U.S. Census Bureau statisticians M. Hansen, W. 

Hurwitz and G. Madow published a two volume series on Sampling Survey Methods and 

Theory. These texts remained the basis until the W.G. Cochran book on Sampling Techniques. 

the third and finalversion published in 1977. More recently, there have been some very 

valuable texts published on sample survey methods, and in particular some aimed at 

agricultural statistics. Two aimed specifically at data quality and integrity are Nonsampling 

Errors in Surveys by Lessler and Kalsbeek in 1992, and Measurement Errors in Surveys edited by 

Beimer et. al. in 1991. In 2003,  Beimer and Lyberg  published Introduction to Survey Quality. 

On the topic of spatial and geo-spatial statistics, in 1989  Isaaks and Scrivastava published An 

Introduction to Applied Geostatistics. In 1993, Noel Cressie published a classical text on 

Statistics for Spatial Data. In 2001, Webster and Oliver published Geostatistics for 

Environmental Scientists. One text written by many world recognized authors is Agricultural 

Survey Methods, edited by Beneditti et. al. in 2010. This is likely the detailed text aimed 

specifically at survey methods for agriculture. Some other sampling texts were by Lohr, in 1999, 

with the title, Sampling: Design and Analysis and one of the most recent by Fuller, entitled 

Sampling Statistics. On time series, the classic text was by Box and Jenkins in 19--. On applied 

regression analysis, a classic was by Draper and Smith in 19--. The related statistical textbooks 

for sampling and estimation, in general, or for agriculture are rich in history. I have not even 

included here topics used on some occasions in crop production models and statistics, such as 

marchov chains, non-linear models, stochastic processes, small area  estimation and other 

related texts on agro-meteorology, soils, agronomy, precision agriculture etc. 

NEW TYPES OF DATA TO ASSIST IN CROP YIELD FORECASTING AND ESTIMATION 

One of the rather incredible developments, over the last several decades, is the steady 

improvements in weather data, soils data, cropland data layers, crop disease detections. 

Advanced DOPPLER radar systems on a geo-gridded basis is one of those new and important 

sources. Ground based systems were often developed before some of these developments and 

are still catching up to take advantage of these better data sources. One early example was in 

Canada where vegetative index data from satellite was used to stratify the total crop area into 

sub strata based on crop stress and this substantially improved the precision of the ground 

gathered data. I believe there is significant opportunity to reduce the cost or increase the 

sample sizes with the cost savings. This will be covered more in the next section, which is an 

initial GAP analysis and has suggestions for the research and operational arm of this UN-FAO 

project down the road. 



INITIAL GAP ANALYSIS AND RESEARCH SUGGESTIONS 

This, hopefully will be helpful to UN-FAO plans on how to proceed from here on ground 

gathered data systems for crop yields, with an emphasis on developing economies or less 

developed economies to improve national systems. There will be recommendations for each 

phase, such as early warnings and crop assessments, statistically defensible crop forecasting 

and last statistically final crop yield estimation. In addition, small area crop yield forecasting and 

estimation will also be addressed if that is a UN-FAO goal of their five year project. 

 For the topic of crop assessments, it would be good research to see for a specific country if a 

system of agricultural experts could be established, that is  geographically dispersed and can 

report on crop stage and condition in a timely electronic fashion. Basically, it would be a system 

like the Weekly Crop Stage and Condition reports of USDA/NASS. It is not a statistical system 

but is based on local expert opinion. In the U.S., agricultural extension experts report to NASS 

for the 3,000 counties of the U.S. The data reported is very popular with the external data users 

of NASS. Obviously, the UN-FAO early warning system is scientific and covers global areas based 

on weather data, soils data, vegetative index data etc. There, I am sure UN-FAO staff can 

provide suggestions on how to improve or expand that system developed by Gommes et. al.. 

Early warnings can have very significant impacts, especially for nations that import some of 

their food and fiber. The warning does not need to provide an exact yield number, but the 

direction of an impending crop disaster alone is quite valuable, even if the exact magnitude is 

not known yet. An excellent current example is a early warning by the UN-FAO  about a leaf rust 

disease in much of Central America’s coffee growing area. 

The next category is statistically based objective yield procedures, such as in the U.S..NASS 

designs a self weighting sample based on crop area. They have very strict procedures for 

entering a selected field and placing randomly selected plots for crop counting and 

measurements throughout a season, such as corn ears, row spacing, corn ear length and 

circumference , etc.. The procedures are somewhat expensive and sample sizes are relatively 

small but can provide state level estimates. NASS attempts to keep any nonsampling errors to a 

minimum by detailed training and procedural manuals for the field data collectors. In addition, 

they have a small quality control sample where supervisors revisit the field to see if procedures 

were well followed. Since cost is an issue, procedures need to be made more efficient to 

transfer this type of methodology , especially to developing or under-developed economies. 

NASS International Program Office has some experience in such a methodology transfer, but it 

has been limited experience in this endeavor. IASRI and staff would also seem to be an 

excellent source of staffing for future research studies fir this component, plus the many other 

national statistics offices focused on agriculture. 



Recommendations for improving the cost efficiency of such an approach would be to stratify 

first based on geo-referenced vegetative index data and weather data, to make the sampling 

more efficient, such as was done in Canada and India. The locally available weather data for the 

sample sites could then be added to the models, which currently do not use weather data 

directly. Some of the cost savings may be used to expand the quality control and the rest could 

be saved for other purposes .The U.S. combines a multiple frame based sample of farmers who 

either forecast their yield during the season or report the final yield after harvest and the 

objective yield model results. A very good list frame is required for this approach. The survey 

data of farmers is mostly reported in the U.S. by telephone or Internet to keep costs down.  

The best report I found on ground gathered data for final crop yields  was by Fermont and 

Benson (2011) having a literature review and well designed research and information 

comparing all the known types of ground based crop forecasting systems. They report on the 

strengths and weaknesses of the different approaches they used in Uganda. Crop cutting has 

been the recommended standard for decades. It has many strengths, but can also be costly. 

Farmer reported data came out relatively well in their study. The only caution is that on rare 

occasion, even the farmers are not aware of hard to observe crop diseases, especially if they 

occur late in a season. Composite estimation could be added, if the approaches are statistically 

measuring the desired population parameter and there are not significant nonsampling errors 

of one or more of the approaches. Strict quality control procedures are needed to ensure the 

data collected by field data collectors is correct. Other possible additions to research might be 

miniature weather stations near sample plot locations, and yield meter data for large field 

agriculture areas, and field technologies such as tablet computers with GPS. Close cooperation 

between a multi-disciplinary teams should define the staffing needs. It is very important 

regardless of the approach to be aware of the crop stage at the time of a forecast. Are there 

destructive sampling methods for the fruit weight measures that could lead to more accurate 

forecasts. Using corn as an example, the plant population and the corn ear population is known 

fairly in the season based upon counts. However, the final corn ear weights are the most 

difficult to forecast. Could it be possible to also count developed corn kernels or get better 

proxies to final kernel or ear weights. Statisticians need to work very closely with agronomists 

to make sure the forecasting methods are up to date, especially as varieties are constantly 

changing. 

For the topic of small area crop yield forecasting and estimation, there is substantial 

opportunity for improvements over a five year period, mostly because of geo=referenced data 

on soils, weather such as precipitation, temperature, wind velocity etc,, cropland data layers 

and maps, vegetative indexes, etc. Prior to these developments, statistically based methods 

were used to disaggregate an estimate that was not designed for smaller breakouts. Many 

impressive statistical methods were developed and used but were hampered by the lack of 



reliable small area data. Now, a completely different era seems to be upon us. There is 

considerable geo-referenced data pertinent to crop yields that can be used to supplement good 

ground based systems. In areas where ground systems are not feasible due to civil wars and 

violence, the geo-referenced data related to crop yields may be the only feasible approach. It 

would not be as reliable as a combination of ground gathered systems from objective yield or 

farmer reported and the new related geo-referenced data sources. UN-FAO staff are in the best 

position to decide where ground gathered data systems are not feasible presently because of 

inherent dangers. 

Whatever the method used for crop yield forecasting and estimation at any level of 

aggregation, it is important to distinguish between accuracy claims and a publicly available and 

independently verifiable track record between the forecast and the final yield estimate after 

harvest. A common measure is the root mean square error between the forecast and the 

official final. Because of the difficult nature of the task, these track records even for expensive 

and mature systems is not overly impressive. What is a realistic goal for a forecast four, three, 

two and one month from harvest. The further away from harvest, the larger the forecast error 

should be. Goals for forecast accuracy should be established, but in any case it is the true track 

record that eventually needs to be improved.  Another major challenge is the timeliness of a 

forecast. The future on timeliness looks more promising as tablet computers, geospatial data 

access of all types  more common, global positioning devices, computer efficiency in all types of 

yield forecasting methods. 

 

More Extended GAP Analysis for Yield 

On the topic of accuracy, the state of the art is judged by two major methods currently. First, is 

the statistical fit measures of the yield model used, such as r squared and others. This does not 

provide the second method of a track record of published forecasts versus the final yield. The 

most common method for the latter is root mean square error of a forecast versus final yield 

over a 10-20 year period. Usually, the track record is worse than other statistical fit measures 

but is probably the most realistic. Currently, in the U.S. with an expensive system, the track 

record for corn is not that impressive. At four months before harvest, it is 6.3 percent and drops 

to 3 percent two months before harvest. Perhaps a desired goal five to ten years from now 

would be 5 percent four months before harvest and 2-3 percent two months before harvest. 

Regardless of which nations, the track record has potential areas for improvement. There seem 

to be two special needs for accuracy improvement. One would be to conduct studies similar to 

Fermont and Benson (2011) in more countries and continents. A second one would add 

nonsampling error studies in addition aimed at potential reductions in nonsampling errors, 

regardless of method used. For farmer reported data, reinterview surveys can be helpful in 



identifying potential nonsampling errors. Cognitive principles are used to see how the farmer 

thought and information process goes when a farmer provides their original response. Because 

of response burden concerns, the sample sizes for reinterview surveys are usually held to a 

minimum. 

When I was Director of Research and Development for the U.S., I used a matrix method for 

prioritizing research aimed at the ultimate goals. I prioritized potential research projects into a 

nine cell matrix where one column was anticipated payoff (High, Medium and Low) and the 

other was the expected cost of conducting the research and/or the cost of operational 

implementation (High,Medium and Low). Then I selected from the cells with a potentially high 

payoff with medium or low costs or with medium payoff with low costs. It was my crude form 

of GAP analysis. 

The major GAP needs that I foresee in the future research efforts for this  project for crop yield 

are the following. For topic of timeliness, small studies aimed at minimizing the time from data 

collection to the time of publishing results would seem to be in order. For the topic of cost, 

there need to be studies that that compare a baseline method (Ag-Met, Objective Yield, Farmer 

Reported, Administrative Data, etc.) with proposed streamlined alternatives aimed at cost 

reduction and to compare the precision or accuracy of the methods. 

In order to attain a major goal of more uniformity across nations, it seems that processes that 

are somewhat streamlined for both cost and complexity of implementation are desirable. 

Certainly, available staffing with proper training  in each nation is rather critical. Another 

potential effort is to examine training programs for both professional staff and any field data 

collectors as well. One good example provided is the NASS 2013 Corn Objective Yield 

Enumerator’s Manual. 

Another area that needs addressing is the national staffing available or the more regional or 

global staffing available. Perhaps, more can be accomplished nationally than global. If global is 

the goal, then perhaps some combination of staffing from UN-FAO, JRC. NASS, IASRI and other 

impressive national systems  such as Brazil, Argentina, Europe, Australia, etc. is the goal. If  the 

goal is national systems and staffing, then the bar changes. 

Another important goal ls the definition of yield. The recommended definition is biological yield 

minus harvest loss in the field (standardized to a moisture yield content).  
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APPENDIX A—Crop Yield Forecasting and Methods Approaches 

 Ag-Met Models (most are quite sophisticated and complex in nature 

 Water Balance and Soil Based Models (again complex in nature) 

 Farmer Reported Data after Harvest from Sample Surveys 

 Farmer Reported Data before Harvest from Sample Surveys 

 Methods based upon crop and fruit counts and measures from sample plots 

 Crop cuttings at harvest 

 Many statistically based models such as those based on: 

 

Single and multiple independent variables 

Time series analysis 

Composite Estimation 

Quality control and replicated sampling 

Sampling theory and application 

Marchov Chains 

Cognitively designed questionnaires and forms for farmers and for field data collectors 

 

  

 

 

 

 

  



Appendix B--Organizations with experience 

 

 National Agricultural Statistics Offices from every continent 

 

 United Nations Food and Agriculture Organization 

 

 Indian Agricultural Statistics Research Institute 

 

 Joint Research Center of the European Union 

 

 World Meteorological Organization 

 

 Agronomic Research Centers around the Globe 

 

 

  



Appendix C—Multi-Disciplinary Team for Crop Yield Forecasting and Estimation 

 Statisticians 

 Agronomists for Crops of Interest 

 Agricultural Meteorologists 

 Remote Sensing and Geo-Spatial Data Experts 

 Information Technology and Statistical Software Experts 

 Field Data Collectors, where required 

 Questionnaire and Forms Designers (using cognitive principles) 

 Soil scientists, if required 

 Budget Officers 

 

  



Appendix D—Proxy Yield Variables for Corn 

 

 Leaf Area Index (LAI) 

 Normalized Difference Vegetative Index (NDVI) 

 Temperature 

 Precipitation 

 Wind Velocity 

 Growing Degree Days (GDD) 

 Plant Counts 

 Ear Counts 

 Over the Husk Ear Length 

 Over the Husk Ear Circumference 

 Preliminary Lab Ear Weights (Standardized Moisture Content) 

 Final Lab Ear Weights (Standardized Moisture Content) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


