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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.

Figure 4: Forecast divergence of the auction results by the models against the operating hours.

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-
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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 KTBL remaining value Linear depreciation, remaining
manufacturer influence (2) formula(4) value 20%
Cost of devalua- relative remai- Cost of devalua- relative remai- Cost of devalua- relative remai-
tion per h ning value tion per h ning value tion per h ning value
Case 1: o 9 9
800h/a 9,28€/h 25,8 % 9,87€/h 21,1 % 10,00€/h 20,0 %
Case 2: o 9 9
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

Estimated remaining value = eV176JD x gM1760*4000 . p176/D+5 « (0,699

65,650€ ~ 612'0152 % e—0.000105*4—000 % e—0.029*5 * 0.699

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).

67kW at a utilization of 400h/a 67kW at a utilization of 600h/a 67kW at a utilization of 1000h/a
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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)

Parameter Bredicted s'::::::t p(-t‘:cI:Ielie Parameter Bredicted s'::::as:t p(-;l:::e
value Error sided) e Error sided)
V67 ,Case 10,8107 0,084962 1,1E-16 hyzgp -0,000069 1,08E-05 9,35E-11
Ve7claas 10,9322 0,050695 1,1E-16 hyzgnn -0,000069 1,23E-05 1,09E-08
Ve7,rendt 11,3472 0,03684 1,1E-16 @y3gcase  -0,0592 0,012308 7,85E-07
Ve7/D 10,9693 0,040809 1,1E-16 @138 claas  -0,0419 0,007528 1,43E-08
VerNH 10,7565 0,089213 1,1E-16 Ai3grendt  -0,0407 0,005473 6,71E-14
h67case -0,000061 1,84E-05 0,000464 Q138D -0,0381 0,008963 1,12E-05
he7clacs  -0,000055 1,29E-05 9,62E-06 A138NH -0,0511 0,008009 1,06E-10
hg7 Fenat -0,000091 2,71E-05 0,000382 V157,case 11,7939 0,041851 1,1E-16
he7p -0,000032 8,78E-06 0,000127 Visrclaas 11,8126 0,024412 1,1E-16
he7nu -0,000066 2,06E-05 0,000659 ViszFende 11,9697 0,032951 1,1E-16
Q67 case -0,0250 0,007923 0,00082 Vis7)p 11,9374 0,025654 1,1E-16
@67,claas  -0,0402 0,007142 1,02E-08 VisyNH 11,7532 0,059893 1,1E-16
Qg7 pendt  -0,0242 0,011425 0,01703 his7case  -0,000060 1,24E-05 8,07E-07
Q67D -0,0298 0,004706 1,45E-10 R157claas -0,000079 1,07E-05 8,42E-14
A67,NH -0,0214 0,008625 0,006625 Ris7,penac  -0,000072 1,05E-05 3,81E-12
Vg3,case 11,0484 0,110642 1,1E-16 his7yp -0,000099 8,15E-06 3,76E-33
Vg3 Claas 11,1272 0,059207 1,1E-16 Ris7nm -0,000054 1,25E-05 7,71E-06
Vg3 rendt 11,4141 0,024028 1,1E-16 Qis57,case  -0,0678 0,013582 3,16E-07
Vs3jp 11,3206 0,029361 1,1E-16 @157,claas  -0,0740 0,007539 1,2E-22
Vs NH 11,0061 0,065154 1,1E-16 Ays57Fende -0,0289 0,009147 0,00081
hg3 case -0,000080 1,79E-05 3,76E-06 157/ -0,0275 0,007025 4,55E-05
hg3claas  -0,000029 1,35E-05 0,017209 157N -0,0756 0,010884 2,45E-12
hg3 penat  -0,000087 1,14E-05 1,2E-14 Vi76case 11,8483 0,030456 1,1E-16
hgzp -0,000056 6,68E-06 7,1E-17 Viz6claas 11,9880 0,042402 1,1E-16
hg3nn -0,000075 1,19E-05 1,33E-10 Vizerendat 12,0523 0,01399 1,1E-16
Qg3 case -0,0117 0,010802 0,139239 V176)D 12,0152 0,042791 1,1E-16
Qg3 claas  -0,0580 0,009607 8,73E-10 V1i76NH 11,8617 0,054257 1,1E-16
Qg3 rendt  -0,0097 0,005322 0,034237 hi76case  -0,000078 8,24E-06 3,55E-21
Qg3 p -0,0286 0,003594 1,38E-15 hi76ctaes ~ -0,000096 1,36E-05 1,05E-12
Qg3 NH -0,0202 0,007363 0,003018 hi76penae  -0,000069 6,31E-06 7,04E-28
Viozcase 11,4573 0,035344 1,1E-16 hi76jp -0,000105 8,55E-06 2,9E-34
Viozclaas 11,3691 0,025841 1,1E-16 hi76nm -0,000088 8,46E-06 6,86E-25
ViozFendt 11,5986 0,030435 1,1E-16 @y76case  -0,0583 0,005165 4,01E-29
V102D 11,5902 0,0257 1,1E-16 W176claas 0,076 0,012584 9,01E-10
ViozNH 11,3495 0,025937 1,1E-16 Ay76renae  -0,0314 0,004552 3,31E-12
Rio2.case  -0,000081 1,27E-05 1,47E-10 176D -0,029 0,009706 0,001437
Ri02,61aas  -0,000061 1,15E-05 6,94E-08 A176NH -0,0593 0,009124 4,84E-11
R102 Fendt -0,000042 1,31E-05 0,000695 V200,case 11,9187 0,060616 1,1E-16
hio2yp -0,000072 7,29E-06 8,45E-23 V200ctaas 12,0910 0,033793 1,1E-16
hio2 v -0,000081 1,32E-05 5,98E-10 Vaoorendt 12,1702 0,020477 1,1E-16
A102.case  -0,0341 0,006157 1,63E-08 V2000 12,0084 0,038797 1,1E-16
Q102,Claas -0,0501 0,006835 1,6E-13 V200,NH 11,9106 0,057126 1,1E-16
@10z Fendt  -0,0367 0,007894 1,72E-06 hz00case  -0,000145 2,12E-05 4,05E-12
@102)p -0,0328 0,004151 1,97E-15 h200ctaas ~ -0,000088 1,68E-05 8,84E-08
A102,NH -0,0303 0,008322 0,000141 h300 Fenat -0,000087 4,71E-06 2,47E-72
Vizocase 11,442 0,072647 1,1E-16 hz00i0 -0,000075 9,9E-06 1,8E-14
Vi20claas 11,5025 0,028862 1,1E-16 haoonn -0,000075 1,59E-05 1,44E-06
VizoFendt 11,8711 0,019091 1,1E-16 @z00,case  -0,0078 0,019141 0341114
V120/0 11,7029 0,025617 1,1E-16 @200,claas -0,0893 0,012302 2,51E-13
Vi20NH 11,4040 0,036275 1,1E-16 @200, Fendt -0,0269 0,005484 5,07E-07
R120case -0,000087 9,31E-06 6,85E-21 Q004D -0,0461 0,005824 1,89E-15
Rizoclaas  -0,000078 8,5E-06 2,9E-20 @z00NH -0,0726 0,013789 7,58E-08
Rizopendae  -0,000037 8,01E-06 2,74E-06 V233case 12,0685 0,100539 1,1E-16
Ri205p -0,000078 1,03E-05 2,75E-14 V233,Claas 11,9076 0,053199 1,1E-16
hizonn -0,000072 1,67E-05 9,66E-06 V233 Fendt 12,2975 0,030756 1,1E-16
A120,Case -0,0275 0,005807 1,11E-06 V233/D 12,0871 0,032001 1,1E-16
A120claas  -0,0452 0,005674 1,16E-15 Va33NH 12,1221 0,038361 1,1E-16
@20 Fendt  -0,0562 0,00533 8,36E-26 h233case  -0,000120 2,75E-05 6,36E-06
120D -0,0294 0,007128 1,9E-05 hy33c1aas -0,000104 1,34E-05 5,96E-15
A120NH -0,0320 0,010049 0,000737 hy33renat  -0,000095 7,64E-06 7,04E-35
Vizgcase 11,6780 0,05047 1,1E-16 hy335p -0,000074 1,12E-05 1,65E-11
Visgclaas 11,6553 0,02721 1,1E-16 ha33 v -0,000080 3,62E-05 0,013657
Visgrendt 12,0264 0,030189 1,1E-16 @z33case  -0,0357 0,022239 0,054207
Vi3g)p 11,7738 0,033619 1,1E-16 @333clacs  -0,0155 0,010175 0,064511
Visgnn 11,6516 0,048521 1,1E-16 Az33rendt  -0,0282 0,007438 7,69E-05
hy3gcase -0,000062 2,1E-05 0,001563 Q233yp  -0,0372 ~ 0,0069 ~ 3,92E-08
hi3gciaas  -0,000101 1,18E-05 1,03E-17

Rizgrenac  -0,000072 7,73E-06 8,51E-21
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