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correction factor of 0.699 for model (2), the average discount between advertisements and auction 
results is 30.1%.

Figure 4 shows the forecast errors of the corrected models plotted against operating hours. The 
red line represents an ordinary least squares fitted regression line of the operating hours against the 
divergence of the estimates from Figure 3. While for the exponential models the divergence appears 
to be almost unrelated to the operating hours, this is the case for KTBL remaining value formula. 
The higher the number of hours, the more underestimated is the value of the tractor, this can also be 
shown against age. The slope of the line in Figure 4 is not statistically significantly different from zero 
either for model (2) nor model (5). This was tested with a t-test with the regression parameters and 
the robust standard errors according to White (1980). The robust standard errors prevent a possible 
bias due to variance heterogeneity.

However, in a multiple linear regression model, when age, operating hours and auction year are 
jointly fitted against the deviations from figure 3, the parameters for age and operating hours turn 
out to be statistically significantly different from zero (t-test with robust standard errors). In this 
regression the parameters for age and operating hours have opposite signs, so that the effects on the 
deviation balance out at 765h/a. In sum, they only explain deviations in the three-digit euro range. 
The longer auction period does not lead to any distortions.

The hypotheses can be addressed as follows: We agree with the first hypothesis. A linear relation-
ship is not appropriate for describing the individual depreciation for cost calculations or predicting 
prices in the used tractor market. The linear model (1) provides a inferior fit to the advertisement 
data than the non-linear transformations (2,3). Similarly, the improved estimation of the auction data 
by the exponential models compared to the KTBL remaining value formula suggests that a linear re-
lationship does not represent depreciation properly (see Figure 3). This is also evident in Figure 4. A 
weakness of the linear relationship is, among other things, the constant negative slope. With such an 
approach, theoretically even negative remaining values would be conceivable, which would continue 
to decrease with continued use.

The second hypothesis is also in line with our results. The devaluation differs by manufacturers. 
Models with manufacturer specific devaluation consistently have lower values for the AIC in the mod-
el selection. This indicates that the inclusion of manufacturers in the model improves the estimation 
of advertisement prices. In addition, some statistically significant differences were demonstrated be-

Figure 4: Forecast divergence of the auction results by the models against the operating hours. 
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tween the devaluation parameters for operating hours (h) and age (a) within the same power class. In 
conclusion, the estimation of the auction data shows that the consideration of manufactures improves 
the prediction. In particular, the dispersion is reduced (Figure 3).

Regarding the third hypothesis, after fitting a correction factor, the models based on the online 
advertisements provided good estimates of the auction results in terms of the amount of divergence 
and dispersion. These estimates are subject to almost no bias against the parameters of devaluation 
(see Fig. 4). It follows that there is a close correlation between the level of advertisement prices and 
actual sales prices, in the form of auction results.

Discussion and conclusions
In this section, individual implications from the results will be pointed out. A comparison with the 
remaining value formula of the KTBL will also be conducted. This is followed by a presentation of the 
differences to previous work on remaining value development and a methodological discussion of this 
article.

Implications from the results
The results have various implications both for cost calculations and for estimating market values 
of used tractors. They are first illustrated by an example of cost calculation. We do not follow the 
separation into variable and fixed components proposed by Schroers et al. (2020). But this kind of 
separation is possible with the proposed model. A John Deere in the 176 kW power class is considered 
(the results are basically independent of the tractor model chosen here, the differences are consider-
ably larger in the smaller power classes). A price of 120,000€ for a new tractor and 12 years of usage 
are assumed. Two cases are considered: in case 1 a utilization of 800 h/a and in case 2 of 400 h/a is 
assumed. Table 4 shows the average costs per hour due to the devaluation for the exponential model 
(2), the remaining value formula of the KTBL (4) and for a linear depreciation with a remaining value 
of 20%. In each case, the calculated remaining value at the end of the assumed usage was determined 
and the resulting loss divided by the total operating hours (9,600 h or 4,800 h). The calculated re-
maining values according to Schroers et al. (2020) (model 4) as well as the values of our proposed 
model (2) approach 20% of the new price when the utilization is close to the “utilization threshold” 
(cf. Figure 1). Therefore, the calculated remaining values and costs in case 1 are at roughly similar 
levels for all three methods. Considerable differences arise for case 2, which often occurs in practice 
as our data show. The calculated costs for the remaining value formula of the KTBL, but especially 
for model (2), are much lower than those for linear depreciation by years. For both alternative mod-
els (2 and 4), the remaining value turns out to be higher due to the lower utilization of 400 h/a. The 
evaluation of online advertisements confirms this; tractors with low annual usage achieve higher 
remaining values. Since only devaluation according to age leads to fixed costs, the effect of fixed cost 
degression decreases in comparison to linear depreciation, when taking into account the operating 
hours. With linear depreciation on a fixed remaining value of 20%, the costs per hour can be halved 
from 20€/h to 10€/h by doubling the utilization. Model (2) describes the remaining or market value of 
tractors more accurately (i.e., in this case, determining higher values) than linear approaches. In this 
example, the linear depreciation method overestimates the fixed cost degression. Therefore, it must 
be assumed that in agricultural practice the economic advantage of a higher utilization rate is lower 
than assumed by usual calculations with linear depreciation, because less heavily used machines can 
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be sold at higher prices. This also means that farms that do not reach full capacity utilization can be 
economically more successful than assumed. In principle, this effect results from the devaluation 
with operating hours, as it is also presented in Schroers et al. (2020). They make the assumption that 
for a use at the “utilization threshold” half of the devaluation is attributable to the use in years and 
half to the operating hours. This assumption is not supported, at least for tractors, on the basis of our 
analyses. Our results lead to the suggestion that the loss in value due to the actual hours of operation 
accounts for the greater share in most cases.

Table 4: Devaluation costs and remaining value using the example of a John Deere tractor in the 176kW power class, 
new purchase and use for 12 years

  Exponential model with  
manufacturer influence (2)

KTBL remaining value  
formula(4)

Linear depreciation, remaining 
value 20%

  Cost of devalua-
tion per h

relative remai-
ning value

Cost of devalua-
tion per h

relative remai-
ning value

Cost of devalua-
tion per h

relative remai-
ning value

Case 1: 
800h/a 9,28€/h 25,8 % 9,87€/h 21,1 % 10,00€/h 20,0 %

Case 2: 
400h/a 14,32€/h 42,7 % 16,49€/h 34,0 % 20,00€/h 20,0 %

Another phenomenon occurring in agricultural practice can be better explained with model (2) 
and its degressive course than with linear models: The purchase of used tractors. Consider the “John 
Deere” from case 2. The period of use is divided into two equal segments. The convex course of the 
remaining value development (Figure 1) results in different values for the average devaluation costs 
per hour. In the first six years, they amount to 17.28 €/h. In the following six years, they are only 
11.36 €/h. These values make a second-hand purchase seem economically advantageous. It is difficult 
to explain this with uniform linear losses in value. Regarding the advantageousness of second-hand 
purchases, it should be noted that repair costs for tractors increase with increasing age and operating 
hours (cf. Morris 1988 and Calcante et al. 2013). The shorter period of use also shows a greater 
difference to the remaining value formula of the KTBL. While model (2) assigns the John Deere a per-
cent remaining value of 65.4% after the first six years, the KTBL formula estimates a value of 54% (not 
shown in Table 4). In this example, this is a difference of over 13,500€ or 5.7 €/h, which means an 
increase in the loss of value per hour by one third. Based on the example calculation, it becomes clear 
when and for what purpose one should use the exact remaining value estimates as they are possible 
with the functions shown in this article. The remaining value formula of KTBL is good in calculation 
of average cost under the following conditions: power classes 138kW and above, useful life in the 
range expected by the KTBL and utilization at the utilization threshold. However, considerable distor-
tions result for smaller power classes, for a shortened period of use or for a lower utilization rate. We 
therefore advocate that, at least in these cases, an individual residual value differentiated according 
to the intended period of use, intensity of use and manufacturer should be used in the operational cost 
calculation. The use of standard residual values of 20% or even zero should be avoided in farm cost 
accounting, apart from tax law. For this estimation of remaining values, but also for the estimation of 
market values, our estimation model (calculation example in the appendix) can be used.

However, we are not advocating the use of different devaluation costs for each year. Average costs 
should still be used. The KTBL remaining value formula offers advantages beyond the operational 
calculation, e.g. in model calculations. It provides a better description of devaluation costs than linear 
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depreciation (Table 4) and, as our contribution shows, rightly takes into account devaluation by oper-
ating hours. Furthermore, this contribution shows that there are indeed close correlations between 
real prices and the remaining value formula (Table 3.) However, based on our results, the KTBL could 
consider adjusting the devaluation in the smaller power classes (67, 83 and presumably also 45 and 
57kW) in order to reflect higher (more realistic) remaining values. For the estimation of current 
market values, the linear methods are less suitable and a differentiated estimation should be made.

Placement of the results within the literature
Although this article is different from previous publications due to the data basis of online advertise-
ments and the focus on the German market, there are overlaps in the results with regard to devalua-
tion differences of manufacturers and power classes. The fact that manufacturers have an influence 
on the remaining value of tractors has been noted in most of the previous publications on this topic. 
However, the value stability of manufactures in devaluation differs between the papers. In the pres-
ent study, “John Deere” tractors are more stable in value than “Case” tractors in most power classes 
as measured by relative remaining value (Figure 1). Unterschultz and Mumey (1996) comparably 
show for the North American market in the years 1972 to 1992 that “Case” tractors depreciate more 
strongly with age than “John Deere” tractors. In the period from 1996 to 2016, the average devalua-
tion of these two manufactures for the U.S. appears to be about the same (Daninger and Gunderson 
2017). However, in the analyses of Fenollosa Ribera and Guadalajara Olmeda (2007) for Spain and 
Wilson (2010) for the UK, “Case” tractors are shown to be more stable in value than “John Deere” 
tractors. This is remarkable because in the previous analysis by Wilson and Tolley (2004) the rela-
tionship was reversed. In our article, Fendt tractors are shown to be relatively stable in value in most 
power classes. This tendency is equally found in Wilson and Tolley (2004) and Wilson (2010), but 
not in Fenollosa Ribera and Guadalajara Olmeda (2007). This underscores the need for up-to-date 
market-specific estimates such as those made in this article. This is especially true in the context of 
substantive differences between the recent analyses for Spain and the UK.

The observation that lower powered tractors lose value more slowly was also made by Perry et al. 
(1990) and Fenollosa Ribera and Guadalajara Olmeda (2007). The cubic model of Wilson (2010) 
suggests that this is not a monotonically decreasing relationship, but that tractors regain value stabil-
ity above about 260 kW. Daninger and Gunderson (2017) differentiate this trend by age and hours 
of operation and find that the loss in value by hours increases steadily with increasing engine size, 
while it decreases with age from about 260 kW. Perry et al. (1990) suggest that larger tractors are 
more likely to be used on farms where downtime costs are higher. As a result, reliability matters 
more. Reliability decreases with length of use or age and justifies the valuation discount. Smaller trac-
tors, on the other hand, are more likely to be used for less critical work in their view, so this aspect is 
less important. This paper can confirm these findings for the German market in 2020. The discount 
of about 30% between advertisements respectively sales offers and auction results determined in this 
study differs from the 10% assumed by Wilson and Tolley (2004). However, they only consider com-
mercial dealers, some of whom are obliged to provide a warranty, which may justify a lower discount.
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Discussion of the methodology
An alternative measure in model selection between transformations would have been the “mean 
absolute percentage error” (MAPE). This measure has been used in several of the articles cited here 
(Wilson 2010; Daninger and Gunderson 2017). The MAPE for fitting model (2) to the advertise-
ments is 10.9% and for model (3) it is 11.4%. Hence the choice of model (2) would have been the 
same. In Daninger and Gunderson (2017), the logarithm transformation also shows a slightly lower 
value for the MAPE than the “double square root transformation” in a model with interaction terms 
for the power classes. In theory, MAPE values would be comparable across different studies (Wilson 
(2010) makes such comparisons). However, MAPE values vary according to how tightly the sample 
is delimited at the maximum age (Daninger and Gunderson 2017). The cutoff by age is not identical 
in the literature. Further, it is likely that our MAPE values, which are comparably good, stem in part 
from the fact that we did not aggregate manufacturers as much (Daninger and Gunderson (2017) 
aggregate all AGCO brands) or did not create an “other” category for manufacturers not explicitly 
considered, as Wilson (2010) did. Thus, we abstain from further comparisons. While MAPE values 
are more interpretable, the sum of squared deviations approach used here has the advantage of fa-
voring transformations whose fitting produces fewer outliers. The article cannot show whether an 
exponential model is actually the best model form. A Box-Cox transformation could provide better fits, 
as addressed in the methods section. However, it would be more difficult to interpret and would make 
it more difficult to transfer the findings to farming practice and consulting. Therefore, exponential 
functions provide good and unbiased estimates of market values.

Since the advertisements were extracted on one day, they represent a temporary snapshot of the 
German tractor market. Although there are no distortions over time within the two auction years 
used for validation, this does not mean that the presented estimation parameters are time invariant. 
But the good fit to the auction results suggests that the functions represent the market well at this 
point in time. The estimates need to be updated periodically. The online advertisement based method 
presented here simplifies such updating. The time series-based estimation models cited above are no 
less subject to future market changes and would also need to be updated.

List prices were avoided as a reference because they do not represent actual new prices obtainable 
in the market. For example, Wilson and Tolley (2004) report discount margins up to 40% on the list 
price. These discounts can vary between manufacturers, creating a further distortion. Therefore, the 
model used implicitly estimates a new price with the parameter v. This approach of not using a list 
price at the same time makes it difficult to estimate a discount that could be linked to the start of use, 
as assumed by the KTBL.

The used advertisements could not be differentiated by warranty. Tractors with warranty could 
achieve a higher price, as this would reduce the expected values of repair costs in the warranty pe-
riod and the buyers concern about hidden defects at the time of purchase. The likelihood of adverse 
selection decreases. Wilson and Tolley (2004) address this problem by considering only listings 
from commercial dealers. However, at least for the German market, this separation cannot be equated 
with a separation along warranty lines. This is because liability for material defects can be excluded 
between commercial market participants (such as farmers, contractors and dealers). Such an exclu-
sion is also part of the model contract of “traktorpool.de” (Traktorpool.de 2016). However, it cannot 
be assumed that the results on manufacturer differences and non-linearity would be fundamentally 
different if warranty features could be taken into account. The correction factor would presumably 
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be affected in particular. The results of Daninger and Gunderson (2017) show that the presence of a 
warranty has at best a very small positive effect on the price.
The shown manufacturer differences give rise to a follow-up research question, which is of great 
importance for manufacturers: Why do these differences exist and how can they be influenced? One 
possible answer would be that different repair cost curves between manufactures exist. Then the 
manufacturer influences shown here could indicate that the expected repair costs are priced into the 
second-hand market. This hypothesis is contradicted by the fact that farmers in Germany rate the re-
pair and maintenance costs of “Fendt” tractors significantly worse than those of “Claas” tractors (Gra-
noszewski and Spiller 2012), but “Fendt” tractors in most power classes show themselves to be more 
stable in value than those of “Claas” in this article. As an alternative explanation, brand image could 
positively influence market value and thus the remaining value development. Here, “John Deere” and 
“Fendt” perform better than “Claas”, at least for tractors (Granoszewski and Spiller 2012). Walley 
et al. (2007) conclude in a study with English farmers that manufacturer or brand has a greater in-
fluence on tractor purchase decisions than the price. Even if the reputation of the manufacturer has 
a significant influence on the market value, it would be important to quantify this influence and that 
of the repair costs.

Appendix

Calculation example:
John Deere tractor, power class 176kW, age 5 years, 4000 operating hours

Corresponds to a relative residual value of 56.8% compared to 52% in the KTBL formula, which in the 
present case represents a difference of about 5000€). If one has an actual purchase price, this replac-
es the first multiplier and the percentage discount for the advertisement (correction factor).

Figure A-1: Relative remaining value in the 67kW power class at different utilization rates
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Table A-1: Regression results, robust standard errors and one-sided p-values (a = 0.05) for model (2)
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