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Forecasting Slaughters of Cattle as Part of Gross Indigeneous Production Forecasts
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Purpose
[bookmark: brødtekststart]The purpose of this statistics is to forecast the amount of various groups of cattle, which will be slaughtered in Denmark for the next 18 months. It has to be reported to EuroStat twice a year.

Data
The data used is aggregated from four different statistics, which each is subdivided into a number of subcategories, e.g. sex and age of cattle:

· The Cattle Surveys
· The Count of Heads of Cattle Slaughtered
· The Cattle Export Statistics
· The Count of Dead Cattle

For the purpose of this statistics, the cattle are grouped into four categories, which each has to be forecasted on its own: 

· Calves up to one year, 
· Heifers,
· Cows,
· Bulls and bullocks.

Method
The method chosen is forecasting with ARIMA models with external regression. The statistics software R with packages “forecast” and “timeDate” is used.
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The models have been tested against ARIMA models without external regressors, but have in all four cases outperformed them. 

Model fitting 
Since the data has auto-correlations, trying to fit a model using ordinary, linear correlations can lead to spurious regression or hide significant explanatory power.

The models have been fitted using a mix of “expert modelling” and dropping potential regressors based on their t-statistics until the models couldn’t be further improved. 

A single regressor counting the number of working days for each month according to the Danish calendar has been added to account for calendar effects.

To begin with, an agronomist has suggested models for the four cattle categories based on every regressor that might have explanatory power, including lagged values of the regressors with lags up to 30 months.

This resulted in models with up to 82 regressors, which in all likelihood were vastly overfitted. 

The large, initial ARIMA models with external regressors were run through an iterative process in which the regressor with the lowest t-statistics was removed in each iteration until the corrected Aikaike information criterion (AICc) stopped decreasing.

Forecasting
The two best ARIMA models with external regressors have been used to forecast the number of heads of cattle slaughtered for each cattle category, and the model with the best accuracy as determined by having the lowest values of the measures mean absolute error (MAE), root mean square error (RMSE), mean absolute percentage error (MAPE) and mean absolute scaled error (MASE).

Except in one case, in which the best model outperformed the other in three counts out of four, the best model has been unambiguously determined by this method (it has been best in four counts out of four).

Model found for heads of calves up to one year slaughtered
The two best ARIMA models with external regressors for heads of calves up to one year slaughtered were:

1) ARIMA(2,1,2)(2,1,0)[12] with external regressor “Working days per month”
2) ARIMA(2,1,2)(2,1,0)[12] with external regressors “Working days per month” and “Count of calves up to one year”

The second model (with two external regressors) outperformed the other as can be seen below, so forecasts have been made with the second model:

Model1
#> accuracy(Slagt_af_kalve_forecastet1)
#                               ME     RMSE      MAE       MPE     MAPE      MASE        ACF1
#Training set 47.42962 783.0013 588.4063 0.1285868 5.117456 0.5864744 -0.01979209
#Model2
#> accuracy(Slagt_af_kalve_forecastet2)
#                            ME     RMSE      MAE       MPE     MAPE     MASE        ACF1
#Training set 45.51434 782.6973 588.3397 0.1165692 5.117586 0.586408 -0.02005636


Model found for heifers slaughtered
The two best ARIMA models with external regressors for heifers slaughtered were:

1) ARIMA(1,0,1) with external regressors “Working days per month”, “Cows lagged 15 months”, “Cows lagged 16 months”, “Cows lagged 17 months” and “Cows lagged 18 months”
2) ARIMA(1,0,0) with external regressors “Heifers”, “Working days per month”, “Cows lagged 15 months”, “Cows lagged 16 months”, “Cows lagged 17 months” and “Cows lagged 18 months”

The second model (with 6 regressors) performed best on accuracy, so forecasts were made with that model:

#Model1
#accuracy(Slagt_af_kvier_forecastet1)
#                             ME     RMSE      MAE       MPE     MAPE     MASE       ACF1
#Training set 1.198867 742.3031 579.5892 -3.812661 15.53994 1.308363 0.01316528

#Model2
#> accuracy(Slagt_af_kvier_forecastet2)
#                               ME     RMSE      MAE       MPE     MAPE     MASE       ACF1
#Training set 2.709536e-12 733.3974 579.5295 -3.739942 15.36922 1.308228 0.05508272

Model found for cows slaughtered
The two best ARIMA models with external regressors for cows slaughtered were:

1) ARIMA(1,0,0)(1,0,0)[12] with external regressor “Working days per month”
2) ARIMA(1,0,0)(1,0,0)[12] with external regressors “Working days per month” and “Dead animals over the age of 48 months”

The second model (with two external regressors) performed best with regards to accuracy, so forecasts were made with it:

#Model1
#> accuracy(Slagt_af_koeer_forecastet1)
#                                  ME     RMSE      MAE        MPE     MAPE      MASE        ACF1
#Training set 0.2895437 1278.349 1031.914 -0.5666539 6.297937 0.5931273 -0.04800457

#Model2
#> accuracy(Slagt_af_koeer_forecastet2)
#                                ME     RMSE      MAE        MPE     MAPE      MASE        ACF1
#Training set -12.47004 1240.884 1020.751 -0.5973656 6.279195 0.5867114 -0.04176532

Model found for bulls and steers slaughtered 
The two best ARIMA models with external regressors found for bulls and steers slaughtered were:

1) ARIMA(2,1,1)(1,0,0)[12] with external regressor “Working days per month”
2) ARIMA(2,1,1)(1,0,0)[12] with external regressors “Working days per month” and “Export of male cattle”

Except for RMSE, model 1 performed best in terms of accuracy and was chosen to forecast with:

#Model1
#> accuracy(Slagt_af_tyre_og_stude_forecastet1)
#                               ME   RMSE      MAE       MPE     MAPE      MASE         ACF1
#Training set -78.66961 866.69 625.0617 -1.905561 7.667482 0.7731221 -0.005968893

#Model2
#> accuracy(Slagt_af_tyre_og_stude_forecastet2)
#                                 ME     RMSE      MAE       MPE     MAPE      MASE         ACF1
#Training set -78.67489 853.4508 635.9702 -1.879614 7.783151 0.7866146 -0.003642309
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