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Introduction 

The linear selection index value of a measured trait is the product of its linear economic value 

in trait units and its estimated breeding value (EBV; Falconer and Mackay, 1996; Hazel, 1943). 

Non-linear profit functions (NLPF) are increasingly used to reflect economic changes around 

biological thresholds. In these cases, the position and shape of the NLPF relative to the EBV 

distribution are critical for appropriate incentives and penalties (Quinton et al., 2019). For 

example, a NLPF can be linear below a certain EBV threshold, and quadratic above that 

threshold. 

Once integrated into a genetic or genomic evaluation (GE) pipeline, a selection index is 

typically applied across multiple evaluation cycles unless major changes occur (Cole and 

VanRaden, 2018). These major changes include a new evaluation method or genetic base, pre-

selection, new recording technique or environment, new cohort of candidates, etc. Such 

changes can invalidate previously defined NLPF thresholds, requiring recalibration to maintain 

intended selection pressure (Burndon, 1990). 

Communication gaps between GE providers and index developers (e.g., due to data security or 

IP constraints) can delay index updates and lead to misaligned non-linear incentives (Zhang et 

al., 2025). The aim of this study is to present an automated routine that 1) performs quality 

control on successive EBV evaluations to detect significant deviations from expectation and 2) 

when no significant deviation is detected, standardises new EBV to a reference scale so that an 

existing NLPF can be autofitted without manual adjustment. 

 

Materials & Methods 

Data. Two datasets were used in this study. Firstly, New Zealand national dairy evaluation 

results for bulls in 2023 and 2025, with 10,587 and 10,941 EBV or accuracy (ACC), 

respectively. The reference year (2023) NLPF for udder overall (UO) in the national selection 

index (Breeding Worth) was π1(gref)=58.95gref–25.70gref, gref=min(gref, 1.15), where π1 is the 

profit in New Zealand dollar in the reference year, and gref is the UO EBV of an animal in the 

reference year. π1 was capped at $33.80 when gref was larger than 1.15. A mean shift base 

adjustment of -0.124 was applied to 2025 UO EBV. 

Secondly, high merit beef bulls in years 2019 and 2024, with 1,175 and 2,093 GEBV and ACC, 

respectively. The reference year (2019) NLPF for gestation length (GL) was π2(gref)= -1.39gref 

and gref=max(gref, -4), where π2 is the profit in the reference year 2019, and gref is the GL EBV 

of an animal in the reference year. When gref≤ -4 π2 was $0 (Ooi et al., 2023). 

  

Quality check and comparison. For each dataset, the pipeline first applied basic integrity 

checks to the new and reference evaluations to reveal any discrepancy such as presence of more 

than 50% drop in number of records, missing or unmatching ID, and extreme outliers outside 

3 SD ranges from mean. Then statistical tests described in Zhang et al. (2025) were run to 

assess changes in EBV normality, mean, variance, and the coefficients and R2 from a linear 

regression between evaluations. If any check failed or significant change was detected, the 

pipeline reported a warning recommending a manual NLPF update and stopped. 
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The reference animal set. When both evaluations passed QC, a subset of common animals 

with top 50% ACC in the reference evaluation and minimal ACC changes in the new evaluation 

was then used to derive the relationship between evaluations. To test the cutoff for minimal 

ACC change, three additional subsets of common animals based on maximum ACC change 

from reference to new evaluation (Δrnew-ref) were evaluated (Table 1.).  

 

Table 1. Summary statistics of New Zealand national dairy bull EBV and high merit beef 

GEBV in different reference animal sets. 

   (G)EBV 

 Reference animal   Diff 

Dataset Population Δrnew-ref
1 N Mean Comparison Value P-value 

Dairy 

(2025) 

All  10,941 0.06±0.46    

Common2 (−∞,∞) 10,051 0.05±0.45 Common - All -0.01 0.56 

≤1 10,051 0.05±0.45    

≤0.35 5,027 0.05±0.46 ≤0.35 - ≤1 0.00 0.48 

≤0.05 4,964 0.05±0.45 ≤0.05 - ≤1 0.00 0.95 

Beef 

(2024) 

All  2,093 0.01±1.51    

Common3 (−∞,∞) 101 0.17±1.58 Common -All 0.16 0.31 

≤1 96 0.20±1.61    

≤0.35 48 -0.17±1.52 ≤0.35-≤1 -0.37 0.18 

≤0.05 4 -0.74±1.32 ≤0.05-≤1 -0.94 0.25 
1   

Maximum ACC change from reference to new evaluations (Δrnew-ref) in common animals at 4 different tiers: 

any value (−∞,∞), ≤1, ≤0.35 and ≤0.05. 
2  Common dairy bulls across 2023 (ref) and 2025 (new) evaluations. 
3   Common beef cattle across 2019 (ref) and 2024 (new) evaluations. 

 

Auto standardisation and auto fitting of NLPF. Within the reference animal set, new EBV, 

gnew, were mapped to the reference scale, gref, using linear regression: 

gref =f(gnew)+ε                                                                                                             (1) 

, where f(gnew) is the linear regression function, and ε is the error. Assume 

π(gref)=h(gref)                                                                                                              (2) 

, where π(gref) is the profit in $/trait unit, h(gref) is the reference NLPF based on gref. Take 

equation (1) into (2), one can obtain the new NLPF based on gnew as  

π(gnew)=h(f(gnew))                                                                                                        (3) 

 

Results 

The national dairy data passed all quality checks. Mean UO EBV differed between 2023 and 

2025 (0.17±0.44 vs. 0.06±0.45, P<0.001) whereas variance was similar (0.19 vs. 0.20, Levene's 

P=0.09). Then 10,051 common animals across two evaluations were extracted. No significant 

difference was found in the mean of all vs. common animal udder EBV distributions in 2023 

(0.17±0.44 vs. 0.17±0.45, P=0.88, for all vs. common animals, respectively) or 2025 (Table 

1.), but the ACC of common animals was higher than all animals in 2023 (0.84±0.09 vs. 

0.85±0.09, P<0.001, for all vs. common animals, respectively). No significant difference was 

found in the EBV of two tiers of Δrnew-ref in 2025 compared to those of all common animals 

(Table 1.). 

 

Since there was no difference in Δrnew-ref cutoffs, all common animals were used as the 

reference animal set. Using equation (1) the standardization was derived as gref 

=0.988gnew+0.125 (adjusted R2=0.99), and the intercept was consistent with the base 

adjustment of 0.124. Taking this into equation (3) and removing the constant, we obtained a 
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new NLPF π1(gnew)=55.08gnew–25.20gnew
2–18.31 and gnew=min(gnew, 1.03) (Fig. 1). Since the 

constant 18.31 did not affect unit change in gnew, i.e. the non-linear economic weight as the 

first derivative of π1(gnew) cancelled out any constant, it was removed from the function. 

Applying this new function to all animals with EBV in 2025, we observed a penalty proportion 

of 97.8% animals, similar to 98.2% of π1(gref) in 2023 population. 

 

 
Figure 1. Non-linear profit function (NLPF) for udder overall EBV in New Zealand national 

dairy evaluation. Class: 2025: NLPF made in 2025 using 2025 EBV and market data, auto fit: 

automatically fitted new NLPF by converting new EBV in 2025 to reference EBV in 2023 

scale then fitting into reference NLPF made in 2023, reference: reference NLPF. Vertical lines: 

the thresholds where the profits stop changing. 

 

The high merit beef data passed all quality checks except in some years and traits there were 

large changes in GL EBV trend (results not shown). Mean and variance of EBV did not differ 

significantly between 2019 and 2024 (mean: 0.01±1.37 vs. 0.00±1.49; P=0.77; variance: 1.88 

vs. 2.12; Levene’s P=0.06). Only 96 common animals across 2019 and 2024 evaluations were 

found. No significant difference was found in the distribution of all vs. common animal EBV 

(2019: -0.004±1.49 vs. 0.14±1.41, P=0.33, for all vs. common animals, respectively; 2024: 

Table 1.), but the ACC of common animals was higher than all animals in 2024 (0.57±0.12 vs. 

0.60±0.08, P<0.001, for all vs. common animals, respectively). No significant difference was 

found in the EBV of the two tiers of Δrnew-ref in 2024 compared to those of all common animals 

(Table 1.).  

Since the ≤0.05 subset only had 4 animals, and ≤0.35 had a bad fit (adjusted R2=0.29) all 

common animals were used as the reference animal set. The standardization equation was 

derived as gref= 0.655gnew+0.027 (adjusted R2=0.54), and the new NLPF was π(gnew)=-

0.91gnew and gnew=max(gnew, -6.15) (Fig. 2). The proportion of penalized population in using 

the new index was 96.1% vs. 99.1% using the reference index on the reference EBV. 

 

Discussion 
The reference animal set was central to detecting and accommodating changes between 

evaluations. When the GE pipeline is stable, reference animals should show minimal EBV 

change aside from new records. In the dairy data, high ACC and small ACC changes supported 

a highly stable mapping and consistent non-linear incentives. In the beef data, lower ACC and 

a small pool of common animals reduced robustness (adjusted R²=0.54), indicating that 

species/traits with less-established evaluations may require sensitivity checks for the ACC-

change filter and closer expert review. Alternative quality check methods such as changes in 
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standardised EBV described in Klei et al. (2002) and Calo et al. (1973) are worth investigating, 

but their “wiggle factor” of 0.95 was too strict to apply outside dairy cow evaluations, hence 

requiring trial and error. 

 

 
Figure 2. Non-linear profit function (NLPF) for gestation length EBV in high merit beef 

evaluation. Class: 0.05, 0.35 and all common: automatically fitted new NLPF by converting 

new EBV in 2024 to reference EBV in 2019 scale then fitting into reference NLPF made in 

2019. 0.05, 0.35 or all common is a subset of reference EBV by filtering common animals 

down to the change of ACC from reference to new evaluations of ≤0.05, ≤0.35 or no filter, 

reference: reference NLPF. Vertical lines: the thresholds where the profits stop changing. 

 

Conclusions 

We have described an automated pipeline to first validate new against historical trait EBV, 

then to standardise the new trait EBV, ultimately generating new non-linear profit values. By 

streamlining and simplifying the selection index review process, this pipeline provides timely 

warnings to GE providers and index experts when data deviates from expectations, aiding them 

in making informed decisions about necessary adjustments to the NLPF. 
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