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Abstract 

Using 389 firm-year observations of listed firms worldwide in 27 countries that adopted 

International Financial Reporting Standards (IFRS) until 2010, for the period 2011-2013, the 

purpose of this paper is to examine the value-relevance of fair value accounting of biological 

assets. In order to operationalize it as the book value’s ability to explain market equity value, 

this study adjusts the Ohlson model. The results support that recognized biological assets are 

value-relevant. After including the effect of the disclosure level of biological assets, the 

results show that biological assets are more value-relevant in firms that exhibit higher 

disclosure levels. Repeating this last analysis according to the classification bearer and 

consumable biological assets, the results are the same for bearer biological assets. For 

consumable biological assets, it seems that investors do not value recognized biological assets 

in firms that exhibit higher disclosure levels. Given the current adjustment in the International 

Accounting Standard 41 - Agriculture, under which firms will be permitted to choose either 

the cost or the revaluation models for mature bearer plants for annual periods beginning on or 

after 1 January 2016, this paper seeks to help standard setters to better understand the market 

valuation implications of this standard. 

 

Keywords: biological assets, fair value accounting, financial reporting, disclosure index, 

regulation 
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1. Introduction 

Fair value accounting is a widely discussed issue in the literature (Mala, and Chand, 2012; 

Laux, and Leuz, 2009, Hitz, 2007; Ball, 2006; Cairns, 2006; Barlev, and Haddad, 2003; 

Barth, Beaver, and Landsman, 2001; Holthausen, and Watts, 2001). Even though fair value is 

responsible for the volatility of the results and for stimulating some managerial discretion, it 

also incorporates more information into financial statements. In order to explore the 

perception of investors of this additional information, it is important to differentiate 

recognition and disclosure (Ball, 2006). 

The academic research and the intense debate regarding fair value is frequently concerned 

with financial instruments, but the IAS 41 requirements of fair valuation bring this discussion 

to the agricultural context (Argilés, Bladón, and Monllau, 2011). In particular, the “IAS 41 is 

a “true” fair value standard: the fair value of biological assets is reported on the firm’s balance 

sheet and any change in the fair value of the biological assets over the reporting period is 

recognized in the periodic income as an unrealized gain or loss” (Huffman, 2013:2). 

In fact, the introduction of fair value in agriculture for all biological assets has led standard 

setters to depart from the previous accounting practices. Some evidence supports that fair 

value is more reliable in the decision-making process of agents within the agriculture context 

(Argilés, Aliberch, and Blandón, 2012). However, the main disadvantage of fair value is the 

absence of active markets for some biological assets. In this case, and with regard to the 

diversity of fair valuation models, it is possible for firms to use accounting for their own 

interests (Gabriel, and Stefea, 2013). Moreover, Martins, Almeida, and Jesus (2012) highlight 

that each biological asset has its own attributes and life-cycles, which also make the 

corresponding valuation more difficult.  

Based on previous considerations, this study focuses on the following research questions: 

 Are biological assets value-relevant under the IAS 41? 

 Is there a difference in the value-relevance of biological assets between listed firms with 

high and low disclosure levels on biological assets? 

In order to address these questions, this study adjusts the original accounting-based 

valuation model developed by Ohlson (1995) and analyzes panel data drawn from a 

worldwide sample composed of 132 firms from 27 IFRS adopting countries and 8 sectors, 

regarding the period between 2011 and 2013. Taking into consideration previous studies, this 
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paper presents extensive research based on a considerable number of countries with recent 

data concerning a standard that is currently under discussion. 

The paper is structured as follows: Section 2 describes the regulatory framework of the 

IAS 41. Section 3 provides a literature review, firstly by focusing on the debate of fair value 

accounting under international financial reporting, and then applied to non-financial assets 

and biological assets in particular. Section 4 introduces the hypotheses. Section 5 describes 

the methodology, presents the sample and explains the disclosure index. Section 6 discusses 

the findings of the empirical analysis. Finally, the final section provides a brief conclusion. 

2. Regulatory framework of the IAS 41 

The IAS 41 was originally issued in December 2000 and first applied to annual periods 

beginning on or after January 1, 2003. This standard prescribes the accounting treatment for 

biological assets during the period of biological transformation and for the initial 

measurement of agriculture produce at the point of harvest.  

As a simple rule, the IAS 41 requires biological assets to be measured on initial recognition 

and at subsequent reporting dates at fair value less costs to sell. Moreover, the single 

exception allowed to fair value measurement is only applied to initial recognition and in a 

particular context: a market-determined price is not available and the entity cannot assure a 

reliable estimate of fair value (paragraph 30, IAS 41). In such conditions, the entity uses the 

unreliability clause of fair value and recognizes the biological assets at cost less depreciation 

and impairment. Also, agriculture produce should be measured at fair value less costs to sell 

at the point of harvest.  

According to this standard, biological assets could be divided into bearer biological assets 

and consumable biological assets. In terms of the market valuation implications of this 

standard, fair value assessment diverges under this classification.  Rather than agricultural 

produce, bearer biological assets are self-regenerating (e.g. livestock from which milk is 

produced, grape vines, fruit trees, and trees from which firewood is harvested while the tree 

remains) [IAS 41.44]. Usually, for this type of biological assets fair value is achieved 

differently. For example, “in case of the wine-growing sector (…) it is difficult to find active 

market due to the characteristics of the vines and the corresponding grapes in the different 

regions” (Azevedo, 2007:21). Conversely, consumable biological assets are harvested as 

agricultural produce or sold as biological assets (e.g. livestock intended for the production of 

meat, livestock held for sale, fish in farms, crops such as maize and wheat, and trees grown 
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for lumber) [IAS 41.44]. Frequently, there is an active market for this type of biological 

assets. Therefore, the corresponding fair value can be easily determined. 

There are other IFRSs that have made minor consequential amendments to the IAS 41. 

They include the IAS 1 Presentation of Financial Statements (as revised in December 2003 

and in September 2007), the IAS 2 Inventories (as revised in December 2003), Improvements 

to the IFRSs (issued in May 2008) and the IFRS 13 Fair Value Measurement (issued in May 

2011).  

Recently, the IASB (International Accounting Standards Board) has amended this standard 

in relation to bearer plants. In this context, a bearer plant is a living plant that is used in the 

production or supply of agricultural produce and is expected to bear produce for more than 

one period and has a remote likelihood of being sold as agricultural produce, except for 

incidental scrap sales. The amendments take into consideration bearer plants (prior to 

reaching maturity), its measurement at accumulated cost, such as self-constructed items of 

property, plants and equipment. Additionally, the entities will be permitted to choose either 

the cost model or the revaluation model for mature bearer plants under the IAS 16. Produce 

growing on bearer plants should be accounted for at fair value in accordance with the IAS 41.  

In brief, three reasons support this change. Firstly, fair value measurement of bearer plants 

in the absence of the corresponding market is complex, costly and implies practical 

constraints. Moreover, changes in the fair value less costs to sell are recognized in profit or 

loss and imply volatility of results. Secondly, mature bearer plants are assumed as 

manufacturing assets, since they are no longer undergoing significant biological 

transformation. Finally, users of financial statements usually adjust the results in order to 

mitigate the effects of changes in the fair value of bearer plants.  

These amendments are effective for annual periods beginning on or after 1 January 2016, 

with earlier application being permitted.   

3. Literature review 

3.1. Fair value accounting under international financial reporting 

In general, the value-relevance research infers about how the accounting information is 

reflected in the share prices and influences the decision-making of investors (Barth, Beaver, 

and Landsman, 2001). Moreover and in response to the comment of Holthausen, and Watts 

(2001:3), who said that “the value-relevance literature’s reported associations between 
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accounting numbers and common equity valuations have limited implications or inferences 

for standard setting”, these authors argue that the incorporated financial data in the accounting 

records reflect relevant information not only for investors but also for the standard setters and 

all stakeholders of the firm. 

In fact, incorporating more information into financial statements seems to be the most 

important advantage of fair value accounting according to several authors (Mala, and Chand, 

2012; Ball, 2006; Barlev, and Haddad, 2003; Barth, Beaver, and Landsman, 2001). In 

particular, fair value covers more information than historical cost whenever there is either an 

observable market price that the manager cannot adjust or an independently observable and 

reliable estimate of market price (Ball, 2006). 

The increase of up-to-date and relevant information with higher level of transparency 

improves investor self-reliance in capital markets. “Fair value reflects the amount at which an 

asset can be bought or sold and provides a better indication of current risk. As a result, 

investors and other decision-makers can exercise better market discipline and corrective 

actions regarding a company’s decisions” (Mala, and Chand, 2012:31-32). Ideally, better 

financial information induces some potential benefits for investors, such as reduced risks and 

cost of capital.  

 Moreover, Cairns (2006:21) argues that “those who criticise the limited use of fair values 

in the IFRS should question their application of national GAAP and whether previous 

financial statements really had the qualities they claimed”. Nonetheless, there are also some 

well-known disadvantages related to fair value accounting. 

The recognized fair value changes in capital or in profit and loss are responsible for the 

higher volatility of reported results, hiding the value creation process (Mala, and Chand, 

2012). Even though volatility becomes a disadvantage to investors if it represents managerial 

discretion, Ball (2006) also defends that volatility should not be a problem whenever it 

reproduces timely incorporation of new information in earnings. 

Some authors go further in the criticism by supporting that fair value accounting may have 

been responsible for the recent financial crisis. Laux, and Leuz (2009) argue that because the 

fair value-based models may not be reliable, fair value accounting may have contributed to 

the procyclicality of the financial system, exacerbating fluctuations in the financial system 

and, in severe cases, causing a downward spiral in financial markets. 

Furthermore, when a liquid market price is not available, “mark to market” accounting 

leads to “mark to model” accounting, with several valuation models, such as the present value 
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(discounted cash flow) method and the methods adapted from the original Black-Scholes 

model (Black, and Scholes, 1973). These fair value models are based on specific parameters 

and assumptions that could lead to management manipulation (Mala, and Chand, 2012; Hitz, 

2007; Ball, 2006). In fact, and given fair value measurement, Fargher, and Zhang (2014) state 

that when accounting standards allow managerial discretion, this opportunity is 

unscrupulously used by managers in practice and will compromise the relevance of financial 

reporting. Therefore, “when users of financial reports judge the source of information as 

unreliable, they will not treat the information as useful or relevant” (Fargher, and Zhang, 

2014:185). Even though a liquid market price is able to reduce the opportunity for discretion 

by managers, Ball (2006) also highlights that market liquidity could also lead to another 

problem, when the spreads are higher enough to raise uncertainty about fair value in the 

financial statements. 

According to Barlev, and Haddad (2003), fair value accounting is employed in four 

domains: financial instruments (with easy access to market price), investment property (with 

feasible future cash flow estimation), agriculture and present value techniques. In agriculture, 

there was a strong expectation regarding the existence of a highly developed future and active 

market for commodities. Nevertheless, in non-financial assets, such as investment property 

and biological assets, sometimes a market price is not available, which makes a fair value 

assessment more difficult. Fair value accounting of non-financial assets and biological assets, 

in particular, will be explained in the next sub-section. 

3.2. Fair value accounting of non-financial assets 

Bearing in mind biological assets, Lefter, and Roman (2007:15) argue that “the 

transformation process is immediately represented in the financial statements and then the 

investor has the possibility of estimating the future economic benefit”. There are some papers 

that discuss the impact of fair value accounting and the results are not consensual (Martins, 

Almeida, and Jesus, 2012; Argilés, Aliberch, and Blandón, 2012; Argilés, Bladón, and 

Monllau, 2011; Silva Filho, Machado, and Machado, 2013; Silva Filho, Martins, and 

Machado, 2013; Huffman, 2013). 

Given a sample of 45 firms of European countries, in 2008, Martins, Almeida, and Jesus 

(2012) have concluded that fair value accounting is recognized as not relevant in the 

biological assets domain in terms of the impact that accounting information has on the 

decision-making of investors. They are more interested in the financial performance of firms 
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as a whole. Conversely, by leading an experiment with students, farmers and accountants 

engaged with the agricultural sector in Spain, Argilés, Aliberch, and Blandón (2012) have 

matched the constraints that arise from measuring both valuation methods for biological 

assets, historical cost and fair value. The findings suggest that fair value is more reliable in the 

decision-making process of agents in the agriculture sector. Moreover, fair value seems to be 

more suitable for accounting preparation than historical cost. Furthermore, Argilés, Bladón, 

and Monllau (2011:106) have suggested that “given (that) market prices present pronounced 

fluctuations in the agricultural sector, less reliable accounting under FV (fair value) would be 

expected”. Based on 347 Spanish firms from 1995 to 2006, the empirical evidence supports 

no difference in the relevance of accounting information from both valuation methods, in the 

sense that fair value is not responsible for higher unpredictability and volatility for future 

earnings and cash flows. 

Based on 25 listed firms from Brazil, for 2008 and 2009, Silva Filho, Machado, and 

Machado (2013) have concluded that replacing the historical cost with the fair value 

measurement of biological assets was not relevant to users of accounting information. 

Conversely, Silva Filho, Martins, and Machado (2013) support that both historical cost and 

fair value measurements of biological assets are relevant to the Brazilian capital market. 

Additionally, it is noteworthy that replacing historical cost with fair value when measuring 

such assets was beneficial to the market, from an informational point of view, since the 

difference between the estimated market value and accounting numbers were lower when 

compared to the measurement at historical cost.  

Finally, and in contrast to the previous academic discussion concerning asset measurement 

which focuses exclusively on fair value or historical cost, Huffman (2013) has examined 

whether asset measurement related to asset use assures more value-relevant information to 

investors. Regarding generated value, an asset can be classified as an in-exchange asset, 

which represents a consumable biological asset (for example, a plantation to produce timber 

logs) or as an in-use asset, which represents a bearer biological asset (for example, a 

plantation to produce palm oil). Previously, Littleton (1935) has stated that the information is 

more relevant for investors if fair value is applied to in-exchange assets and historical cost is 

applied to in-use assets. Based on a sample of 183 international firms from 35 countries that 

adopt the IAS 41, for the periods 1999-2001 and 2007-2010, Huffman (2013) has concluded 

that book value and earnings information is more value-relevant when consumable biological 

assets are measured at fair value and bearer biological assets are measured at historical cost. 
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Because there are few studies on fair value accounting concerning biological asset 

measurement and the scope of the studies is narrow, generally focusing on the comparison 

between historical cost and fair value, this paper has also relied on literature where this topic 

is discussed for other non-financial assets (Baboukardos, and Rimmel, 2014; Hamberg, and 

Beisland, 2014; Tsoligkas, and Tsalavoutas, 2011; Oliveira, Rodrigues, and Graig, 2010; 

Lourenço, and Curto, 2008; Barth, and Clinch, 1998), such as goodwill, investment property, 

research and development expenditure, tangible and intangible assets. Table 1 summarizes the 

analyzed papers. In order to test market valuation implications, all papers have the applied 

methodology in common, an adaptation of the Ohlson model (Ohlson, 1995), further 

explained in section 6 (with the exception of Hamberg, and Beisland (2014), which adopts a 

typical return model). Overall, non-financial assets are value-relevant, and sometimes this 

evidence occurs independently of country classification (common law or code law). Some 

papers suggest that the corresponding mandatory disclosure is also a disciplinary element of 

the perception of the market. Moreover, in the absence of a market price, usually, managers 

act in self-interest.  

4. Development of hypotheses 

Based on previous studies, this study tests the value-relevance of recognized biological 

assets. This first research question examines the ability of biological assets to explain market 

equity values. Because of the mixed empirical evidence in prior literature (Martins, Almeida, 

and Jesus, 2012; Argilés, Aliberch, and Blandón, 2012; Argilés, Bladón, and Monllau, 2011; 

Silva Filho, Machado, and Machado, 2013; Silva Filho, Martins, and Machado, 2013), there is 

no strong expectation regarding the sign of the first hypothesis: 

H1: Biological assets are value-relevant under the IAS 41. 

In order to explore the perception of investors on the incorporation of more information 

into financial statements, Ball (2006) argues that it is important to differentiate recognition 

from disclosure. Additionally, “the question as to whether amounts disclosed in the notes to 

the accounts and those recognized on the face of the financial statements have a similar 

impact on share prices is an important one for accounting regulators, accounts preparers and 

auditors” (Al Jifri, and Citron, 2009:137).  
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Regarding human capital and in line with US based studies, Samudhram, Stewart, 

Wickramanayake, and Sinnakkannu (2014) have concluded that voluntarily disclosed 

employee costs in annual reports of listed firms are value-relevant in Malaysia. Transposing 

to the biological assets context, PriceWaterHouseCoopers (PWC) (2011 and 2009) have also 

advised firms to perform some voluntary disclosure of biological assets as an improvement to 

mandatory disclosure. 

PWC (2011 and 2009) has written two international reports regarding the impact of 

adopting the IAS 41 in the timber sector. Overall, firms have different levels of transparency 

concerning biological assets disclosure, and in certain cases, without discussing fair valuation 

assumptions, so there is a chance for further improvement. Based on a survey concerning 

biological assets in Australia, the United Kingdom and France, Elad, and Herbohn (2011) 

have concluded that there is a lack of comparability between disclosure practices, in which 

French firms tend to disclose less information on biological assets. Given this diversified 

behavior regarding the level of disclosure of biological assets, a different impact on market 

valuation can be predicted. Based on non-financial assets, in particular goodwill 

(Baboukardos, and Rimmel, 2014), a positive sign is expected for the second hypothesis: 

H2: There is a difference in the value-relevance of biological assets in listed firms with 

high and low disclosure levels on biological assets.  

The research model includes the market value per share (MV) as the dependent variable 

that corresponds to the market price month close (three months after the fiscal year1) and 

explores several factors that are expected to be related to, namely, book value per share, 

biological assets per share, earnings per share, disclosure index ranking regarding the IAS 41 

and the control variables, firm size and sector. The measurement, hypotheses and expected 

signals of the independent variables introduced above are described in table 2. The data were 

collected in the Datastream and in the annual reports of the firms in the period between 2011 

and 2013. 

The book value per share (BV) is the proportioned common equity divided by outstanding 

shares at the firm's fiscal year end. The biological assets per share (BA) corresponds to a ratio 

                                                            
1 Because the fiscal year end diverges between the firms of the sample (31st March, 30th April, 31st May, 30th June, 31st August, 30th 
September, 30th November and 31st December), the market value per share (MV) variable was settled according to these dates (WS05040 - 
June, WS05045 - July, WS05050 - August, WS05055 - September, WS05065 - November, WS05070 - December, WS05020 - February and 
WS05025 - March). For example, WS05040 – market price June close corresponds to market value per share three months after fiscal year 
end on 31st March. 
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between biological assets (given by the variables WS18277 – net book value, WS18278 – 

gross or WS18258 – current) and common shares outstanding. The earnings per share (E) 

represent the net income available to common equity that is used by the firm to calculate its 

earning per share, divided by common shares outstanding. 

Table 2. Hypotheses, variable proxies and expected signals. 

Hypotheses Proxies Expected signals 

 Book value per share BV - Book value divided by outstanding shares at the firm's fiscal 

year end (WS05476) 

Positive 

 Biological assets per 

share 

BA – Biological assets (WS18277, WS18278 or WS18258) divided 

by common shares outstanding (WC05301) 

NA 

 Earnings per share E – Net income used by the firm to calculate its earnings per share 

(WS01401) divided by common shares outstanding (WC05301)  

Positive 

 Disclosure index 

ranking 

Dindex – Dummy variable based on whether the disclosure index 

regarding biological assets of each firm is below 1st quartile, in the 

middle of both quartiles, or above 3rd quartile of disclosure index 

distribution of the sample (annual report) 

Positive 

Controls   

 Firm size SIZE - Logarithm of the total assets (WS02999) Positive 

 Sector SECTOR – Dummy variable based on whether the firm belongs to 

sector 1 - agriculture, forestry, fishing and mining, 2 - 

manufacturing or others (SIC Code classification 2-digit division) 

Positive 

Disclosure index ranking (Dindex) is a dummy variable coded one if the disclosure index 

regarding the biological assets of each firm is below the first quartile, coded two if it stands 

between the first and third quartiles, and coded three if it is above the third quartile of the 

disclosure index distribution of the sample. The annual reports of each firm in the period 

between 2011 and 2013 were analyzed in order to calculate the disclosure index. This 

examination was performed by one coder. To assure that the calculation of the index is robust, 

firstly the annual reports were read and then it was necessary to repeat the analysis in order to 

decide whether each item is applicable to each firm or not. The control variables are the firm 

size (SIZE) and the sector (SECTOR). Prior literature measures firm size (SIZE) in different 

ways. In this paper, firm size corresponds to the logarithm of total assets. Finally, sector 

(SECTOR) relates to SIC - code classification (two-digit division), namely: sector 1 – 
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agriculture, forestry, fishing and mining (01-14), sector 2 – manufacturing (20-39), and other 

sectors2. 

5. Methodology 

5.1. Sample 

This study includes panel data drawn from a sample of 389 firm-year observations of listed 

firms that have adopted the IFRS until 2010, from 27 countries and 8 different sectors, in the 

period between 2011 and 2013. The sample contains different amounts of both recognized 

biological assets in the face of the financial statements and disclosed information in the notes 

of the financial statements under fair value measurement. Table 3 contains information on the 

sample selection process. 

According to Gastón, García, Jarne, and Laínez Gadea (2010), there are some exceptions 

and exemptions allowed by the IFRS 1 - First-time Adoption of International Financial 

Reporting Standards, which may cause some constraints when analyzing and making 

inferences about the information on the year of adoption. As a consequence, 2010 was defined 

as the limit year to consider firms that have adopted the IFRS (or equivalent standards). The 

data were collected in Datastream. Firstly, countries were selected that have adopted the IFRS 

until 2010. Then, considering the corresponding sample of countries, firms that have 

biological assets were selected. The criterion was following one of the biological asset 

variables (WS18277 – net book value; WS18278 – gross, WS18258 – current) and assuring 

that each firm has biological assets in the entire period between 2011 and 2013. Finally, thirty 

firms under historical cost valuation and two firms without an available annual report were 

removed. The total sample corresponds to 132 firms. 

Table 3. Sample description 

Firm selection Firms 

Listed firms with biological assets 164 

Listed firms under historical cost 

valuation -30 

Firms without available annual report -2 

Total sample 132 

                                                            
2 The decomposition of other sectors is presented in Appendix A. 
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5.2. Disclosure index 

Based on the disclosures required by the IAS 41, a disclosure index was structured and 

calculated with the notes of consolidated financial statements included in the annual report of 

this sample of firms for the period between 2011 and 2013. This index is divided into three 

sections: mandatory items, non-mandatory but recommended items (both sections represent 

all disclosure items required by the IAS 413) and non-mandatory and non-recommended items 

(this section corresponds to voluntary information demonstrating that firms exceed the 

mandatory information). The last category is constructed according to the international report 

regarding the impact of adopting the IAS 41 in the timber sector developed by PWC (2011). 

Three topics are identified as being followed by their clients in disclosure practices regarding 

the timber sector, namely: revealing the complexity of valuation parameters although there is 

limited information regarding the effect on the valuation; providing more information on the 

effects of variations in key valuation factors; exposing firm assumptions on future prices and 

costs, as well as disclosing a sensitivity analysis with multiple parameters. The items selected 

to be included in the disclosure index and the results are shown in the Appendix B. 

Based on the literature (Santos, Ponte, and Mapurunga, 2013; Lopes, and Rodrigues, 2007; 

Owusu-Ansah, 1998), the disclosure index is dichotomous, unweighted and adjusted for non-

applicable items, which means respectively that: first, a score of one is assigned to an item if 

it is disclosed, and a score of zero otherwise; second, each item is equally important in all 

three categories; and third, the items are excluded that contain no information in the notes 

about one disclosure item of the IAS 41. There is only one exemption regarding the last 

attribute, the following item of the IAS 41 (parag.49): “financial risk management strategies 

related to agricultural activity”. Risk strategy related to biological assets is highly important in 

the sense that a firm is obliged to declare the overall strategy in the annual report. Therefore, 

if this item contains no information it is considered in the index as a non-disclosed item. 

The maximum number of items in the disclosure index is 27. According to the Commission 

Regulation (EU) no. 1255/2012 of 11 December 2012, IFRS 13 is applied when another IFRS 

requires or permits fair value measurement or disclosures about fair value measurements. 

Therefore, this standard sets out amendments in several standards, such as in IAS 41, by 

deleting paragraphs 47 and 48. An entity shall apply the amendments for annual periods 

                                                            
3 In order to construct the disclosure index the disclosure items of the IAS 41 that focus on the historical cost were omitted. 
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beginning on or after 1 January 2013. Therefore, the score of the disclosure, in particular for 

2013, is 27 or 25, respectively.  

Consequently, the total score of the mandatory and voluntary disclosure index for 

biological assets (Index) in a firm is: 

∑ /           (1) 

where di = 0 or 1, as follows: di = 1 if the item is disclosed and di = 0 otherwise; m = 

maximum number of applicable items a firm may disclose. 

6. Results 

6.1. Descriptive analysis 

Table 4 presents the descriptive statistics for the variables. The market price per share 

(MV) for the sample ranges from a minimum of 0.01 € to a maximum of 126.53 €. The 

average of book value per share (BV) is 6.59 € (median=1.59 €) and this variable lists a 

maximum of 148.13 €. There are four firms that exhibit a negative book value (and as a 

consequence, the book value per share (BV) is negative), two of them in the period between 

2011 and 2013, another one in 2011 and the other in 2013. The corresponding data was not 

removed, given the fact that all these firms are still in activity, without any bankruptcy 

context. There are also other four firms that present a higher amount of biological assets when 

compared to book value. This finding justifies the negative minimum value in the variable 

book value less biological assets per share (BV-BA).   

Biological assets per share (BA) stand in a wide range, between to close zero and 56.68 €, 

and list an average value of 1.70 € (median=0.16 €). Given the fact that the annual report of 

each firm was analyzed in order to calculate the disclosure index, the biological assets 

represented in the balance sheet and in the notes of the financial statements were compared to 

the information obtained by DataStream to additionally validate the study and, in certain 

cases, to provide missing values to this variable.The analysis excludes any attempt to identify 

and remove outliers in the case of biological assets per share. Because this is the main 

variable to determine the number of firms in the sample, the decision is to maintain all firms 

with biological assets, regardless of its materiality. The earning per share (E) stands between -

13.08 € and 13.88 €, with a mean of 0.50 € (median= 0.06 €). One observation (-34.53 €) was 

removed from this variable because it was identified as an outlier. The firm size (SIZE) for 
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the sample ranges from a minimum of 3.96 to a maximum of 7.42, with a mean of 5.84 

(median= 5.74). 

Regarding the dummy variables sector (SECTOR), 47.73% of the sample of firms relate to 

manufacturing, 34.85% represent agriculture, forestry, fishing and mining, and 17.42% 

correspond to other sectors. The frequency of sector “Others” is presented in Appendix A. 

There is a wide range in the disclosure index (Index) in the sample: the highest disclosure 

score obtained is 1.00 and the lowest is 0.13. The mean and the median of disclosure index 

are both 0.60. Also, 24.75% of the sample stands below the first quartile, which corresponds 

to 0.50, and 24.24% stands above the third quartile, which corresponds to 0.74. 

Table 4. Descriptive statistics (sample n=389) 

Variable Mean Median Maximum Minimum Std. Dev.  

MV 7.62 1.41 126.53 0.01 16.19 

BV 6.59 1.59 148.13 -0.47 15.68 

BV-BA 4.89 1.23 92.10 -1.64 11.59 

BA 1.70 0.16 56.68 0.0(1) 5.94 

E 0.50 0.06 13.88 -13.08 1.86 

SIZE 5.84 5.74 7.42 3.96 0.76   

Index 0.60 0.60 1.00 0.13 0.18  

  Frequency Percent     Frequency Percent 

SECTOR Dindex 

Manufacturing 63 47.73 

Below quartile 0.25 

(0.50) 98 24.75 

Agriculture, forestry, 

fishing and mining 46 34.85 

Between quartiles 0.25 

(0.50) and 0.75 (0.74) 202 51.01 

Others 23 17.42 Above quartile 0.75(0.74) 96 24.24 

Total 132 100.00 Total   396 100.00 

Appendix B summarizes, by disclosure item, the number of observations regarding the 

biological asset disclosure index. The most frequently reported items are: “A reconciliation of 

changes in the carrying amount of biological assets between the beginning and the end of the 

period” (n=368; parag.50); “This reconciliation includes desegregation” (n=368; parag.50). 

This evidence is supported by Silva, Figueira, Pereira, and Ribeiro (2012) for Brazilian firms. 

The least reported items are: “An aggregate gain or loss arising during the period on initial 

recognition of biological assets” (n=9; parag.40) and “The nature and extent of government 

grants recognized in the financial statements” (n=12; parag.57). Additionally, and taking into 

consideration the disclosures that exceed the mandatory and recommended items, it may 

suggest that there is an opportunity for improving biological asset disclosure, as concluded by 
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PWC (2011) for the timber sector. In the absence of disclosure, Tsalavoutas, André, and 

Dionysiou (2014) suggest that, given the support of auditors, enforcement bodies and other 

agents, firms should provide an explicit statement explaining when disclosure is not material 

or clarifying when disclosure is unreasonable on which standard items. Therefore, this would 

improve firm comparability and decrease information asymmetry and across firms. 

In addition, Appendix C exhibits the ranking of countries by the number of firms and by the 

average disclosure level in the period between 2011 and 2013. Once more, the results show 

some discrepancy of information between firms and some lack of compliance regarding the 

IAS 41. In order to better understand this finding and assure further improvements, there is a 

recent report developed by Tsalavoutas, André, and Dionysiou (2014) that discloses some 

recommendations for other non-financial assets. Based on a sample of 544 firms worldwide 

for the financial year 2010-2011, one goal of the study is to examine the level of compliance 

with the mandated disclosures concerning mergers and acquisitions, intangibles and 

impairment assets. Overall, the report states that information between firms diverges 

considerably and that there is some level of non-compliance with regard to these three 

standards. Firstly, the study advises to discover if firms deliberate certain transactions not to 

be material enough, if the standards are not clear enough, or if firms intentionally fail to 

follow the mandatory disclosure requirements. Therefore, preparers, regulators and 

enforcement bodies need to focus to improve the level of disclosure by firms and to eliminate 

ambiguity in the interpretation of the standards in order to assure greater comparability of the 

information provided by firms.  

Table 5 exhibits Pearson’s rank correlation coefficients below the diagonal, and 

Spearman’s rank correlation coefficients above the diagonal.  

Table 5. Correlations (Pearson/Spearman) 

MV BV BV-BA BA E SIZE 

MV 0.934 0.889 0.658 0.754 0.566 

BV 0.887 0.955 0.733 0.687 0.511 

BV-BA 0.812 0.949 0.584 0.656 0.496 

BA 0.757 0.789 0.554 0.454 0.316 

E 0.787 0.733 0.642 0.682 0.421 

SIZE 0.304 0.245 0.297 0.067 0.180   

Correlations in bold indicate statistical significance at 1% level 

Both sets of correlations show that all the independent variables are correlated positively 

with stock price. In particular, the BV and the BV-BA variables are highly positively 

correlated with the dependent variable. Regarding the first hypothesis, the correlation 
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coefficient of BA variable is a preliminary signal that biological assets are value-relevant on a 

univariate basis. 

In multivariate analyses, it is frequently accepted that correlations between independent 

variables are not risky unless they exceed 0.80 or 0.90 (Gujarati, 1995). The correlation 

coefficients are higher than 0.90 for BV and BV-BA variables, but this has no effect on the 

analysis because both variables are not used in the same regressions. 

6.2.Research model 

To examine the value-relevance of biological assets, this study adjusts the original 

accounting-based valuation model developed by Ohlson (1995). Regarding non-financial 

assets, such as goodwill, investment property and tangible and intangible assets, this approach 

was also followed by several studies (Baboukardos, and Rimmel, 2014; Oliveira, Rodrigues, 

and Graig, 2010; Lourenço, and Curto, 2008; Tsoligkas, and Tsalavoutas, 2011; Barth, and 

Clinch, 1998). Firstly, this study has submitted the dataset under a random effect model. Then 

the Hausman test was applied, in which the null hypothesis supports that the coefficients 

estimated by the random effect estimator are the same as the ones estimated by the fixed 

effect estimator. The results infer that a fixed effect model is the appropriate model for this 

sample. By following the panel least squares method, three equations are considered for the 

adjusted Ohlson model (Ohlson, 1995). The results are provided in table 6. In these 

regressions, the presence of heteroscedasticity is taken into account with White diagonal 

standard errors and covariance (White, 1980). Additionally, and in order to reduce 

heteroscedasticity, all the variables (except control variables) are deflated by the number of 

common shares outstanding (Barth, and Clinch, 2009). 

In brief, value-relevance of recognized biological assets is tested in a regression where a 

firm’s market value is a function of the book value of equity and earnings. This relation is 

tested in the first equation with the market value per share (MV) as the dependent variable, 

and the book value per share (BV) and the earning per share (E) as the independent variables. 

Moreover, this first model includes two control variables, namely, the firm size (SIZE) and 

the sector where it belongs (SECTOR).  

MV it= b0 +b1BVit +b2Eit+ b3SIZEit+ b4∑ 
j=1,2,3 SECTORjit +uit     (2) 
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Then, and in order to test the first hypothesis, in the second model the variable book value 

per share (BV) is divided into two variables, the book value per share excluding the biological 

assets per share (BV-BA), and the biological assets per share (BA). The coefficient b2 assures 

the response to the value-relevance of biological assets under the IAS 41. 

MVit = b0 +b1(BV-BA) it +b2BAit+b3Eit+ b4SIZEit+ b5∑ 
j=1,2,3 SECTORjit +uit   (3) 

Finally, and with regard to the second hypothesis, the third model adds the effect of 

disclosure. In this case, the goal is to investigate whether there is a systematic difference in 

biological asset valuation effects between firms with relatively high and relatively low 

disclosure levels of biological assets. The coefficient b5 assures the response to the value-

relevance of biological assets regarding mandatory and voluntary disclosure. As previously 

explained, Dindex is a dummy variable based on whether the disclosure index regarding the 

biological assets of each firm is below the first quartile, in the middle of both quartiles, or 

above the third quartile of the sample’s disclosure index distribution. 

MVit = b0 +b1(BV-BA) it +b2BAit+b3Eit+ b4∑ 
j=1,2,3Dindexjit+ b5∑ 

j=1,2,3Dindexjit x BAit+ 

b6SIZEit+ b7∑ 
j=1,2,3 SECTORjit +uit         (4) 

Table 6 shows the estimated coefficients of the panel least square regressions for the three 

models. Overall, the adjusted R2 of models 1, 2 and 3 are 0.835, 0.838 and 0.858, 

respectively. This indicates that introducing biological assets and the corresponding 

disclosure level separately improves explanatory power of the model.  

The regression coefficients for model 1 are 0.668 and 2.608, respectively, for book value 

per share (BV) and earning per share (E). Both variables are statistically and positively 

significant at 1% and 5%, respectively. Therefore, this result infers that both variables are 

associated with the market value of the firms. 

In order to test the first hypothesis, model 2 excludes biological assets per share (BA) from 

the book value per share (BV).  The regression coefficients for model 2 are 0.596, 0.881 and 

2.406, respectively, for book value excluding biological assets per share (BV-BA), biological 

assets per share (BA) and earning per share (E). The first and the second variables are 

statistically and positively significant at 1% and the earning per share at 5%. Hence, this 

evidence confirms the first hypothesis.   
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Regarding the second hypothesis, model 3 tests whether there is a difference in the value-

relevance of biological assets between listed firms with high and low disclosure levels on 

biological assets. 

Table 6. Regression results 

 Model 1  Model 2  Model 3 

Variables Coef. SE Coef. SE Coef. SE 

Constant -10.499 2.943*** -11.774 2.457*** 

-

10.270 2.599*** 

BV 0.668 0.119*** 

BV-BA 0.596 0.122*** 0.668 0.158*** 

BA 0.881 0.274*** 0.507 0.298*** 

E 2.608 1.080*** 2.406 1.062*** 2.432 0.948*** 

Dindex1 1.212 0.855*** 

Dindex3 -0.622 0.505*** 

Dindex1 x BA 1.402 1.537*** 

Dindex3 x BA             0.797 0.258*** 

Controls 

SIZE  1.963 0.523*** 2.258 0.394*** 1.863 0.402*** 

SECTOR1+SECTOR2=1 1.136 0.887***   0.711 0.838***   0.881 0.855*** 

N 389 389 389 

F-stat 327.428*** 287.464*** 213.358*** 

Adj. R2 0.835   0.838   0.858 
***statistical significance at 1% level; **statistical significance at 5% level;*statistical significance at 10% level 

This regression includes the interaction variable between the dummy variable related to the 

disclosure level (Dindex) and the biological assets per share (BA). The regression coefficients 

for model 3 are 0.668, 0.507, 2.432 and 0.797, respectively, for book value excluding 

biological assets per share (BV-BA), biological assets per share (BA), earning per share (E) 

and the interaction variable (Dindex3 x BA). These four variables are statistically and 

positively significant at 1%, 10%, 5% and 1%, respectively. Therefore, this evidence confirms 

the second hypothesis. 

In order to provide some robustness tests, two additional analyses were conducted. Firstly, 

untabulated findings reveal that the inferences of these equations are not sensitive to using 

prices as of three or six months after fiscal year-end, except in the third model. In this case, 

the interaction variable is not statistically significant when considering price as of six months 

after fiscal year-end. Secondly, the sample was divided according to the classification under 

the IAS 41, namely bearer and consumable biological assets. The third model is re-estimated 

utilizing these two sub-samples. Table 7 exhibits the corresponding results.  
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Table 7. Robustness test (Model 3) 

Panel A: Regression results 

 Bearer  Consumable 

Variables Coef. SE Coef. SE 

Constant -20.759 5.246***  -3.394 1.953*** 

BV-BA 0.549 0.164***  0.821 0.095*** 

BA 0.649 0.334***  1.148 0.353*** 

E 2.497 1.038***  1.781 1.016*** 

Dindex1 3.667 2.062***  -0.410 0.373*** 

Dindex3 -0.912 0.881***  -0.312 0.569*** 

Dindex1 x BA 4.180 3.149***  -1.239 0.900*** 

Dindex3 x BA 1.029 0.280***  0.040 0.345*** 

Controls      

SIZE  3.745 0.838***  0.689 0.344*** 

SECTOR1+SECTOR2=1 1.295 1.450***  -0.012 0.513*** 

N 167  222 

F-stat 98.907***  145.717*** 

Adj. R2 0.866  0.878 

Panel B: Chow test of model 3 regression (all, bearer and consumable) 

Sum squared residuals All Bearer Consumable 

 14077.14 9880.421 2285.219

Number of parameters 10   

Number of observations 389 167 222 

F-statistic(10,369) 5.798   

***statistical significance at 1% level; **statistical significance at 5% level;*statistical 

significance at 10% level  

The estimated coefficients of the sub-sample of bearer biological assets are statistically 

similar to those of the initial multivariate analysis. In the case of consumable biological 

assets, the interaction variable is not supported; therefore, it seems that investors do not value 

recognized biological assets in firms that exhibit higher disclosure levels. Usually there is an 

available market price for consumable biological assets and frequently they are sold in the 

short term. Therefore, the fair value of consumable biological assets is captured by the market 

faster when compared to bearer biological assets. Moreover, bearer biological assets are held 

for an extended period and typically it is more difficult to access the corresponding fair value. 

Consequently, in this case, mandatory disclosure or any further information is useful, and for 

that reason investors value bearer biological assets for firms that exhibit higher disclosure 

levels of biological assets. In order to reinforce the previous analysis, the Chow test was used 

to determine whether the coefficients can differ across subgroups (Chow, 1960). Due to the 
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fact that F statistic is 5.798, which is superior to its critical value 2.34 at 1% level of 

significance, the study rejects the null hypothesis of structural stability. Therefore, there is a 

structural change in this model, and it is necessary to split the data into 2 sub-samples 

meaning that independent variables have a different impact on both bearer biological assets 

and consumable biological asset subgroups of the entire sample. 

Based on this result, it is possible to infer that investors highly distinguish the recognized 

biological assets under fair value between bearer biological assets and consumable biological 

assets. This evidence supports, in some sense, the recent amendments to the IAS 41, which 

prescribe a different accounting treatment for bearer plants when compared to the other 

biological assets. 

7. Conclusions, limitations and suggestions for future research 

Value-relevance research infers about how the accounting information is reflected in the 

share prices and influences the decision-making of investors (Barth, Beaver, and Landsman, 

2001). Under the current adjustment in the IAS 41, where firms will be permitted to choose 

either the cost model or the revaluation model for mature bearer plants according to the IAS 

16, for annual periods beginning on or after 1 January 2016, this paper examines market 

valuation implications of this standard. 

Based on 389 firm-year observations of listed firms worldwide in 27 countries that have 

adopted International Financial Reporting Standards (IFRS) until 2010, this study analyzes 

data from the period between 2011 and 2013 under the adjusted Ohlson model (Ohlson, 

1995). The empirical results support both hypotheses. Firstly, there is evidence that the 

recognized amount of biological assets under the fair value model is value-relevant in general. 

Secondly, the recognized amount of biological assets under the fair value model is more 

value-relevant for firms that exhibit higher disclosure levels. According to the IAS 41 

classification of biological assets, the sample was divided into bearer biological assets and 

consumable assets. The results are the same, with the exception of consumable biological 

assets. Where consumable biological assets are concerned, the interaction variable, which 

introduces the effect of different disclosure levels in biological asset valuation, is not 

supported; therefore, it seems that investors value recognized biological assets, but 

independently from the corresponding disclosure level. One probable explanation would be 

the fact that there is usually an available market price for consumable biological assets and 

that usually these biological assets are sold in the short term. Moreover, bearer biological 
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assets are held for an extended period and typically it is more difficult to access the 

corresponding fair value. Consequently, any further information is useful, so the investors 

value bearer biological assets for firms that exhibit higher disclosure levels of biological 

assets. 

This paper has, however, some limitations. Firstly, in order to assure more robust results 

where panel data is concerned, the study should include data from an extended period of time. 

Using the period between 2011 and 2013 was the possible response to obtain more recent data 

and to consider a more recent year of IFRS adoption. Secondly, with regard to the Ohlson 

model, there are alternative models to test this data, such as the return model. Additionally, 

this study has included size and sector as control variables. In this sense, further analyses 

could examine other firm characteristics. Regarding a more narrow scope, there is also a 

subjectivity problem that is intrinsic to the construction and calculation of the disclosure 

index. For example, deciding which paragraphs of the IAS 41 should be grouped and which 

should represent one index item, as well as deciding if an item is applicable to a specific firm 

or not.  

Further research could replicate this analysis to ascertain whether these results hold 

consistently across additional countries that have adopted the IFRS after 2010. It could also 

be useful to investigate the extent to which market assessments of recognized versus disclosed 

biological asset amounts depend on the method of valuation (historical cost versus fair value). 

In a couple of years, considering the current discussion and subsequent amendments that are 

already settled in the IAS 41, it could also be interesting to explore the market valuation 

implications related to the biological assets before and after 2016. 

Taking into consideration previous studies, this paper develops an extensive research based 

on a considerable number of countries with recent data concerning a standard that is currently 

under discussion. Finally, this paper seeks to help standard setters to better understand the 

market valuation implications of this standard. 
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Appendix A. Frequency of sector “Others” 

Sectors Frequency 

Wholesale trade 7 

Transportation, and pub. utilities 6 

Retail trade 5 

Finance, insurance, and real estate 2 

Services 2 

Construction 1 

23 

Appendix B. Disclosure index 

Paragraphs 

IAS 41  

Score 

(if disclosed) 
Disclosure index 

Number of 

observations 

  Mandatory items – the entity discloses  

40  An aggregate gain or loss arising during the period:  

40 1 Initial recognition of biological assets 27 

40 1 Initial recognition of agriculture produce 9 

40 1 Related to change in fair value less costs to sell biological assets 348 

41 1 A description of each group of biological assets 345 

42 1 The description in paragraph 41 is narrative 281 

42 1 The description in paragraph 41 is quantified 287 

46 1 A description of the nature of an entity's activities with each group of biological 

assets 

207 

46  A description of non-financial measures or estimates of physical quantities:  

46 1 Assets on hand at the end of the period 225 
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46 1 Agriculture produce output during the period 103 

47 1/(NA)a The methods and assumptions applied in determining the fair value of each 

group of agricultural produce at the point of harvest and each group of 

biological assets 

130 

48 1/(NA)a The fair value less costs to sell agricultural produce harvested during the period, 

determined at the point of harvest 

131 

49 1 The information about biological assets whose title is restricted or pledged as 

security 

55 

49 1 The amount of commitments for developing or acquiring biological assets 42 

49 1 The financial risk management strategies related to biological assets 109 

50 1 A reconciliation of changes in the carrying amount of biological assets, between 

the beginning and the end of the period 

368 

50 1 This reconciliation includes desegregation 368 

57  Government grants – the entity discloses  

57 1 The government grants 36 

57 1 The nature and extent of government grants recognized in the financial 

statements 

12 

57 1 Unfulfilled conditions and other contingencies attaching to government grants 0 

57 1 Significant decreases expected in the level of government grants 0 

  Non-mandatory but recommended items – the entity discloses  

43  A quantified description of each group of biological assets distinguishing 

between: 

 

43 1 Consumable and bearer assets 75 

43 1 Mature and immature assets 125 

51 1 The amount of change in fair value less costs to sell included in profit or loss 

due to physical changes and due to price changes 

102 

51 1 This information is presented by the group of biological assets 42 

  Non-mandatory and non-recommended items – the entity discloses  

NA 1 The complexity of various parameters with limited information regarding the 

effect on the valuation 

238 

NA 1 More information on the effects of variations in key factors 103 

NA 1 The assumptions on future prices and costs, as well as disclosing a sensitivity 

analysis with multiple parameters 

90 

 27/(25)a   

a For 2013, the score of the disclosure is 27 or 25, depending on the adoption of the IFRS 13 

by firms. 
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Appendix C. Ranking of countries by the number of firms and by the average disclosure 

level 

  

Country 

Number 

of firms 

Average Index 

2011 2012 2013 

Hong Kong 22 0.57 0.57 0.60 

Australia 16 0.59 0.61 0.61 

Brazil 15 0.61 0.63 0.62 

South Africa 15 0.57 0.58 0.59 

Chile 10 0.59 0.59 0.61 

United Kingdom 8 0.76 0.76 0.75 

New Zealand 6 0.63 0.63 0.65 

Norway 5 0.58 0.58 0.62 

France 4 0.45 0.48 0.47 

Finland 3 0.45 0.45 0.50 

Greece 3 0.52 0.52 0.58 

Philippines 3 0.64 0.64 0.67 

Spain 3 0.42 0.42 0.45 

Sweden 3 0.78 0.78 0.79 

Denmark 2 0.43 0.41 0.40 

Ireland 2 0.43 0.43 0.45 

Portugal 2 0.50 0.50 0.50 

Belgium 1 0.82 0.82 0.87 

Cyprus 1 0.36 0.36 0.35 

Germany 1 0.78 0.78 0.81 

Italy 1 0.44 0.44 0.43 

Kenya 1 0.53 0.53 0.63 

Lithuania 1 0.76 0.81 0.84 

Netherlands 1 0.74 0.74 0.82 

Papua New Guinea 1 0.72 0.72 0.69 

Peru 1 0.77 0.77 0.83 

Ukraine 1 0.53 0.53 0.53 

  132 0.59 0.59 0.61 
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