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Abstract 

Understanding how farmers respond to prices can help shed light into investment behavior and inform 
policy makers. We here investigate the investment behavior of French crop farmers between 2002 and 
2014, with a focus on adjustments to investment price and output price. The analysis relies on a 
structural investment model derived from the maximization of farmers’ future expected profit. This 
model is estimated using a Hausman-Taylor panel data procedure. Our results show evidence of 
significant changes in investment behavior over time.  In the period between 2002 and 2006, price 
volatility was lower and farmers’ investment behavior was more responsive to the output price than 
to investment price. In contrast, in the period between 2007 and 2014, price volatility was higher and 
farmers’ investment behavior responded much more to investment price.  
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1. Introduction 

Farm investment in agriculture allows farmers to adapt to changes in economic conditions (e.g. price 
variations, policy reform, climate change) and to adjust to public regulations (e.g. environmental or 
animal welfare regulations). Farmers’ investment decisions are influenced by both market conditions 
and public policies. Some policies are directly targeted to investment, e.g. subsidies for implementing 
specific investment projects or tax policies linked to investment. Other policies may influence farmers’ 
investment decisions indirectly: price support, tax on inputs, etc. Evaluating the effects of policies on 
investment is complex as policy instruments often have heterogeneous effects across farms. The 
analysis of the effects of farm policy may be done using ad hoc models (e.g. Bojnec and Latruffe, 2011), 
or relying on investment models derived from producers’ optimization framework (e.g. Sckokai and 
Moro, 2009). Similarly, the effects of market conditions can also be investigated through the 
responsiveness of farmers’ investment to output price and investment price. Our paper presents an 
investigation of farm investment behavior, with an analysis of a sample of French crop farms 
specialized in cereals, oilseeds and protein seeds during the 2002-2014 period. 

Several studies have investigated firms’ investment behavior. In his literature review on the modelling 
of firms’ investment decisions, Chirinko (1993) concludes that firms’ investment is more responsive to 
output quantities than to capital prices. Morisson (1986) uses data on the U.S. manufacturing sector 
between 1947 and 1981 to estimate the elasticities of demand for capital with respect to the prices of 
capital and different variable inputs under different assumptions regarding firms’ expectations. Her 
results show stronger responses of capital to output quantities than to input prices (including capital 
price). On that basis, one may expect output prices to have a significant impact on investment. In the 
agricultural economics literature dealing with farm investment, no consensus seems to emerge on the 
relative impacts of investment price and output price on farmers’ investment decisions. For instance, 
Thijssen (1996), considering Dutch farms observed from 1970 to 1982, finds significant responses of 
investment to both investment and output prices and concludes that investment subsidies are good 
policy incentives to agricultural investment. On the other hand, the results obtained by Vassavada and 
Chambers (1986) in the case of U.S. agriculture show no response of quasi fixed factors to their own 
prices and a negative response to the price of output. Oude Lansink and Stefanou (1997) obtain the 
same puzzling effect of output price on investment in the case of Dutch cash crop farms between 1971 
and 1992. More recently, Serra et al. (2009), using data for Kansas farms from 1997 and 2001, compare 
the sensitivity of investment to output price to its sensitivity to public payments, and find investment 
to be more sensitive to output price in periods of favorable economic situation (i.e. increase in capital 
stocks) and more sensitive to government support in the case of difficult economic situation. These 
authors do not, however, study the sensitivity of investment to its price. Our paper contributes to this 
literature by using more recent data. And it examines whether farm investment behavior may have 
changed over time. This seems particularly relevant given the recent increase in food price volatility. 

The remainder of the paper is structured as follows. The next section explains the modelling 
framework. The third section describes the data and estimation strategies. The fourth section presents 
the results and the fifth section concludes. 
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2. The modelling of farmers’ investment decisions: theoretical framework 

To investigate farmers’ investment decisions, two types of models are generally used in the literature. 
The primal approach relies on a structural model obtained from the maximization of future expected 
profit, under technological constraints. In this case, Euler equations are derived: they show the optimal 
path of investment from the current period onwards based on expectations of future profit. 
Gardebroeck (2004) and Gardebroeck and Oude Lansink (2004) are examples of works using this 
approach. The second approach is the dual approach, introduced by Epstein (1981). The producer’s 
decision is represented by a value function, and the models are obtained from Hamilton-Jacobi-Belman 
equations. Examples of this approach include Oude Lansink and Stefanou (1997), Pietola and Myers 
(2000) and Sckokai and Moro (2009).  

Here we follow the first approach involving an explicit representation of the production technology. 
Our modelling framework starts with a general investment model as in Chirinko (1993). We consider 
an agricultural producer i who, at period t, takes his/her production and investment decisions so as to 
maximize the present value (PV) of expected payoff on his/her farm, i.e. the expected sum of all his/her 
future discounted profits, subject to a capital accumulation constraint:  

max$,&,' ()*,+ = -*+ .∑ 0 1
1234

56+ 78*,597:*,5, ;*,5< − >*,5:*,5 − ?7 *,5< − ( *,5 *,5<∝5"+ #         (1) 

$. &. ;*,521 = '1 − )*;*,5 +  *,5  

Where: 

-*,+{} is the expectation operator: it corresponds to the expectations of farmer i given the 
information available to him/her at time t.  

:*,+ is the quantity of variable input used at period t and  ;*,+ is the capital stock. These two 
inputs are combined, through a production technology 9':, ;* to produce a single output that 
is sold. At each time period, the capital stock depreciates at a rate ) and increases with new 
investment   *,+. These new investments are subject to adjustment costs which we assume to be 
an increasing function ?' * of investment.   

 8*,+, >*,+ and ( *,+ correspond respectively to the prices of output, input and investment. At the 
time where the producer takes his/her decisions (time t), he/she observes >*,+ and ( *,+ and has 
to form expectations about 8*,+ and  8*,5, >*,5 and ( *,5 for s t> .   

. is a discount rate.  

This optimization problem can be formulated as a stochastic dynamic problem where Bellman’s 
equation takes the form: 

)*,+/;*,+0 = max$1,2,'1,2
.-*,+38*,+97:*,+, ;*,+< − ?7 *,+< − >*,+:*,+ − ( *,+ *,+4 + 0 1

1234-*,+3)*,+21/'1 − )*;*,+ +

 *,+04#                        (2) 

It should be noted here that at the time of taking his/her production and investment decisions, the 
farmer observes the purchasing prices of investment and variable input for period t, hence -*,+3( *,+4 =
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( *,+ and -*,+3>*,+4 = >*,+. However, he/she has to form expectation about his/her productivity and 
output price at period t. 

From equation (2) we can derive the first order conditions determining the optimal level of investment 
at period t: 

-*,+38*,+9&7:*,+, ;*,+<4 + 0165
1234-*,+ .671,289

6&1,2
# = ( *,+ + ?'7 *,+<           (3) 

with ?''* denoting the first derivative of adjustment costs with respect to investment. Equation (3) 
equates the sum of the current and future expected marginal value of capital to the current cost of 
acquiring new capital.  

An expression of 0165
1234-*,+ .671,289

6&1,2
# can be derived by proceeding recursively. Taking the derivative of 

equation (2) with respect to ;*,+ and applying the envelope theorem, we have: 

671,2
6&1,2

= -*,+38*,+9&7:*,+, ;*,+<4 + 0165
1234-*,+ .671,289

6&1,2
#                (4) 

For the next time period, equation (4) becomes: 

671,289
6&1,289

= -*,+2138*,+219&7:*,+21, ;*,+21<4 + 0165
1234-*,+21 .671,28:

6&1,289
#            (5) 

Taking the expectation of this expression and proceeding recursively yields  

0165
1234-*,+ .671,289

6&1,2
# = ∑ 0165

1234
5 -*,+2138*,+259&7:*,+25, ;*,+25<4;5"1          (6) 

Replacing the future expected marginal value product of capital by this expression in equation (3), we 
have: 

-*,+38*,+9&7:*,+, ;*,+<4 + ∑ 0165
1234

5 -*,+2138*,+259&7:*,+25, ;*,+25<4;5"1 = ( *,+ + ?'7 *,+<        (7) 

-*,+3Γ*,=4 = ?'7 *,+< + ( *,+                                 (8) 

With 

Γ*,= = ∑ 0165
1234

5∝5"> ?*,+25               (9) 

And 

?*,+ = 8*,+9&7:*,+, ;*,+<                           (10) 

?*,+ is thus the value of the marginal productivity of capital at period t, and -*,+3Γ*,=4 =
∑ 0165

1234
5∝5"> -*,+3?*,+254 corresponds the expected long run marginal value of capital. 

Various assumptions regarding the way economic agents form their expectation can be found in the 
literature, the three most represented cases being the rational, naïve and quasi-rational expectations. 
In the case of rational expectations (Muth, 1961; Lucas, 1976), agents are assumed to have a perfect 
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knowledge of markets functioning, and to use all information available to him/her to forecast the 
future. In that case, expectations are consistent with supply-demand conditions and anticipated 
supply/demand shocks, and their modelling requires a representation of both supply and demand 
functions to determine equilibrium market conditions. Naïve expectations imply that agents forecast 
that all future values of market variables will be the same as the values observed when making their 
decision. Thijssen (1996) investigates farmers’ investment behavior under the rational and naïve 
expectation assumptions: using a reduced form profit function and individual panel data of Dutch dairy 
farms, he found that elasticities are consistent with the theory only in the case of naïve expectations. 
These results thus call for the naïve expectation assumption over the rational expectation one. The 
third type of expectations frequently found in the literature, the quasi-rational expectation schemes, 
assume that agents use a whole set of past observations to form their expectations (Nerlove et al., 
2014): empirically, future values are predicted from time series models. The naïve and quasi-rational 
expectations, both based on past observations, is found by Chavas (1999, 2000) to be the most 
frequent expectation schemes in livestock farming, as a large proportion of production in the pork 
market is generated by producers having quasi-rational expectations (Chavas, 1999) and having naïve 
expectations in the case of the beef market (Chavas, 2000).  

Modelling both supply and demand is complex and is out of the scope of the present study. In addition, 
from an empirical point of view, the estimation of quasi-rational expectations requires long time series 
data, which is not the case for the panel data sample used in our empirical application. For these 
reasons, and consistent with the literature explained above, we use the naïve expectation assumption 
and assume that farmers expect the last observed values of output price and marginal capital 
productivity to prevail in all future periods: 

-*,+3?*,+254 = -*,+3?*,+4 = 8*,+619&7:*,+61, ;*,+61<          (11) 

Given that 165
123 < 1 by assumption, we have ∑ 0165

1234
5∝5"> = 0123

5234 and the long run marginal value of 

capital simplifies to: 

-*,+3Γ*,=4 = ∑ 0165
1234

5 -*,+3?*,+254∝5"> = 0123
5234 8*,+619&7:*,+61, ;+61<             (12) 

To derive an estimable model from equation (7), we need to make assumptions regarding the form of 
the capital adjustment cost and production functions. Following the widespread assumptions in the 
literature, we consider a quadratic capital adjustment cost function (equation (13)) and a Cobb Douglas 
production technology (equation (14)): 

?7 *,+< = A + B *,+ + C
D  *,+D             (13) 

Where B and E are scalars, with E > 0 to ensure the concavity of the function. 

H*,+ = 97:*,+, ;*,+< = I;*,+J:*,+K             (14) 

Where I, L and M are scalars, with I > 0, 0 < L < 1 and 0 < M < 1. 

Combining equations (8) and (12), and replacing the marginal capital adjustment cost and marginal 
capital productivity by their expression derived from equations (13) and (14), leads to the following 
investment decision equation: 
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 *,+ = − N
C + J

C 0123
5234

O1,2P9
&1,2P9

8*,+61 − 1
C ( *,+           (15) 

The investment of farmer in a specific period is thus determined by the discounted value of the 
productivity of capital in the previous period, and by the price of investment in the current period. 

 

3. Data and estimation strategies 

3.1. Data 

We use a sample of farm-level data obtained from the French Farm Accountancy Data Network (FADN) 
for the period 2002-2014. The FADN database, managed by the French Ministry of Agriculture, 
contains yearly data for a sample of French commercial farms that are representative of the French 
farm population in terms of production specializations and regions. The French FADN database is a 
rotating panel with a rotation rate is about 10%, making the sample an unbalanced data sample. We 
focus on farms specialized in the production of cereals, oilseeds and protein seeds.  

We expect that low levels of investment may not be subject to the same adjustment costs than higher 
levels. Low levels of investment may show replacement investment, while high levels of investment 
may indicate expansionary or innovative investment. As suggested by Kapelko et al. (2016), 
replacement investment do not have the same adjustment as the two other types of investment. For 
this reason, we select the farms investing the most, i.e. the farms displaying investment levels higher 
than the sample average. After cleaning the data and eliminating outliers, the total number of 
observations in our sample during 2002-2014 is 3,886 (approximately 300 farms per year).  

The investment level ( ) is an aggregate of machinery, building and land investments. As no price of 
investment (( ) is available in the FADN database, we use as a proxy the ratio between annual debt 
repayments and the annual value of fixed capital stock. The price of wheat (calculated for each farm 
in each year using FADN data) in Euros per kilogram of wheat is taken as a proxy of the output price 
(8). The productivity of capital is the ratio of total output (excluding subsidies) (y) to fixed capital (k). 
The capital depreciation rate ()) is fixed at 0.051 and the average of official annual interest rate 
provided by the European Central Bank is taken as the actualization rate (.). All values are measured 
at constant 2002 prices using the corresponding national price indices. 

Figure 1 reports the evolution of the yearly averages of investment level, investment price and output 
price over our sample period. On the figure the annual values are not reported in levels, but as 
percentage differences compared to the average value for the full period. The first thing to note is that 
we observe two distinct sub-periods in terms of levels: in the first sub-period 2002-2006 investment 
levels and output price levels are lower than in the second sub-period 2007-2014. The second thing to 
note is that, while the investment price remains relatively stable during the whole period, the output 
price experiences ups and downs during the second sub-period. This conforms to the general 
knowledge that crop prices (here wheat prices) are higher on average and much more volatile since 
2007. The third point to notice on Figure 1 is that, during the second sub-period, the investment does 
not follow the same evolution as the output price. All this suggests that farmers’ investment responses 

                                                           
1 Different values have been tested but estimation results are unchanged. 
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to prices may not be the same during both sub-periods. For this reason, we will run our estimations 
not only on the whole period, but also on two sub-periods: 2002-2006 and 2007-2014. 

Table 1 provides descriptive statistics of our variables of interest for the whole 2002-2014 period and 
for the two sub-periods. During 2002-2014 the cereals, oilseeds and protein seeds farms in our sample 
operated on average 159 hectares (ha) of utilized agricultural area and used 1,517 Euros of capital per 
ha. The respective figures for the two sub-periods are very similar, indicating that, although it is not a 
balanced sample, the structural characteristics of the two sub-samples (in 2002-2006 and in 2007-
2004) are similar. This suggests that the different investment levels and evolution observed on Figure 
1 for both sub-periods are due to a change in investment behavior across sub-periods, and not to 
different sub-samples. About half of the farms are of individual (sole proprietorship) legal status, 
compared to partnerships or companies. About half of the farms are located in the wide Parisian basin 
area (administrative regions “Ille-de-France”, “Picardie”, “Champagne-Ardennes” and “Centre”), 
which is the main area for wheat production in France, while 16% of the farms are located in the other 
main wheat area, namely South Western France (administrative regions “Midi-Pyrénées”, “Aquitaine”, 
“Poitou-Charentes”). These two areas indeed exhibit specific characteristics, the Parisian basin being 
a region with particularly good cropping conditions and large farms, and the South West of France 
being largely composed of farms specialized in irrigated corn production. 

On average during the whole period, farms produced an output of 1,028 Euros per ha per year and 
invested on average 415 Euros per ha each year (the minimum being 160 and the maximum 3,620 
Euros). Table 1 clearly shows that output and investment are lower on average during the first sub-
period than during the second sub-period. In addition, as observed on Figure 1, the investment price 
remains remarkably similar (0.11 Euros paid for each Euro of capital, on average), while the output 
price is much higher in the second than in the first sub-period (143 vs. 104 Euros per ton of wheat).     

 

Table 1. Descriptive statistics of the sample used 

  Whole period 2002-2006 2007-2014 
  Mean S. D. Mean S. D. Mean S. D. 
Total utilized agricultural area (ha)  159 87 160 85 158 88 
Capital (Euros/ha) ; 1,517 1,028 1,562 1,126 1,448 954 
Output (Euros/ha) H 1,028 638 883 548 1,124 678 
Gross investment (Euros/ha)   415 292 375 270 444 303 
Wheat price (Euros/ton) 8 128 28 104 14 143 30 
Investment price  (  0.114 0.079 0.112 0.078 0.114 0.080 
Depreciation rate ) 0.05 0 0.05 0 0.05 0 
Actualization rate . 0.023 0.036 0.023 0.036 0.023 0.036 
  %  %  %  
Share of farms with individual legal 
status 

 51  53  49  

Share of farms in Parisian basin 
region 

 47  50  46  

Share of farms in South West 
region 

 16  16  16  

Number of observations  3,886  1,543  2,343  
Source: The authors based on French FADN data. 



8 
 

Figure 1. Evolutions of the yearly averages of investment level, investment price and output price 
over the 2002-2014 period, in comparison with the period average 

 

Source: The authors based on FADN data. 

 

3.2. Estimation strategies 

We seek to estimate the following econometric model, based on the theoretical model of farmers’ 
investment choices defined by equation (15): 

 *,+ = I> + aQ′Z*,+ + ITU.VWX+ + IYZ(.[X\*,+61 + IY'( *,+ + ]* + ^*,+             (16) 

Where ^*,+ is the random error, and the I are parameters to be estimated. 

The (.[X\*,+61 variable in equation (16) denotes the discounted value of the capital productivity in 

period t-1 in equation (15): (.[X*,+61 = 0123
5234

O1,2P9
&1,2P9

8*,+61.  

Z*,+ is a matrix composed of three dummy variable vectors representing farmers’ characteristics and 
used to partly control for the heterogeneity in investment levels among farms. These variables include 
the legal status of the farm, which takes the value 1 for individual farms and 0 for partnership farms 
and companies, and two regional variables: the first one takes the value 1 for farms located in the large 
Parisian basin area (defined above) and 0 otherwise, the second one takes the value 1 for farms located 
in the South West of France (defined above). A trend variable is also included in order to account for 
the evolution of investment with time: the U.VWX+ variable takes the value 1 for the first year of 
observation and increases by one unit each year.  

We also introduce an individual random effect ]* to control for the unobserved heterogeneity in 
investment levels. This random effect is assumed to be independent from the error of the model, ^*,+. 
Moreover, different unobserved factors may have an impact on investment levels, like farmers’ 
personal skills or extension access, may also influence farms’ productivity. To deal with this potential 
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correlation between the random part of the model and the productivity variable, which would lead to 
biased estimates, we apply the Hausman-Taylor (1981) instrumental variable approach. 

Our objective is to obtain a value of the parameters for the capital adjustment cost function (α and β) 
and for the production technology (b) in order to compute investment elasticities with respect to 
output and investment prices. The value of these parameters can easily be recovered from the 
estimated coefficients I of our econometric model (16), as shown in equations (17)-(19), while their 
significance can be computed through the delta method. 

E_ = − 1
`abc                      (17) 

Bd*+ = /`ec2fgchi1,22`jcT3klm20
`abc                    (18) 

Ln = − `aop
`abc                      (19) 

These parameters allow to compute the elasticities of investment with respect to the investment and 
output prices. The elasticity of investment with respect to the (observed) price of investment (V ( *+) 
and the elasticity of investment with respect to the (expected) price of output (V ( *+) are respectively: 

V ( *+ = 6'12
6Y'12

Y'12
'12 = − 1

Cq
Y'12
'12          (20) 

V (*+ = 6'12
6r12P9

r12P9
'12 = Jn

Cq 0123
5234

r12P9O12P9
&12P9'12         (21) 

 

4. Results 

Table 2 reports the regression results of the estimation of the investment model in equation (16) for 
the whole period as well as for the two sub-periods. The three models show that many parameters 
are statistically significant. In the whole period and also in both sub-periods, the main variables of 
interest have the expected sign: positive for the value of capital productivity in the previous period 
and negative of the price of investment. Consistent across both sub-periods and for the whole period 
is the fact that individual farms invest more per ha than partnerships and companies. Some 
differences can be noted with respect to the regional dummies and the time trend. During the whole 
period only farms in South Western France invest less per ha on average than the other farms, while 
in the first sub-period there is no difference in investment behavior across France, and in the second 
period farms in both areas considered invest less per ha than the other farms in France. As for the 
trend variable, it is positive and significant for the whole period, but not significant during the second 
sub-period, confirming the saw tooth evolution for this sub-period observed on Figure 1. The trend 
has a significant negative effect in the first sub-period, supporting the slight decrease observed on 
Figure 1 for this period. 
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Table 2. Regression results of the investment model 

 Whole period 2002-2006 2007-2014 
Constant term (I>)        390.46***      218.12*** 440.22*** 
Dummy variables (IQ)    

Individual legal status       77.47***      139.61*** 87.94*** 
Parisian basin area -15.46   25.88 -29.49* 
South Western France     -37.41** -30.31 -38.33* 

Time trend (IT)     2.93*     -9.16* -1.75 
Value of capital productivity in t-1 (IYZ)        22.34***      140.44*** 25.51*** 
Price of investment (IY')     -601.96***     -627.29*** -661.95*** 
Wald Chi-square statistic 174*** 58*** 98*** 
Number of observations 3,776 1,511 2,265 

Significance levels: * 10%, ** 5%, *** 1% 
Source: The authors based on French FADN data. 
 

The coefficients reported in Table 2, as well as the variance-covariance matrices (not reported), enable 
us to calculate the value (equations (17)-(19)) and the significance of the parameters that underlie the 
investment decision, namely the parameters for the capital adjustment costs function and for the 
production technology. Table 3 shows the values and significance of these parameters. Some 
conditions on parameters are necessary for the models to be well behaved: the E parameter has to be 
positive for the capital adjustment cost function to be convex. Also, for the adjustment costs to be 
increasing in investment, i.e. for the derivative of the cost function with respect to investment, ?', to 

be positive, the following has to hold:  + > − N
C. Finally, one expects the L parameter of the production 

function, which corresponds to the elasticity of production with respect to capital, to take values 
between 0 and 1. Table 3 shows that the conditions on E and L are fulfilled in all periods. By contrast, 
the negative value of B estimated here could imply decreasing adjustment costs up to a certain 
investment level. However, the B’s are not significant at the 5% level, suggesting that there are in fact 
no decreasing adjustment costs and that the function is always upward sloping.  

Table 4 reports the elasticities, computed with the parameters of Table 3, for each observation. Both 
elasticities, with respect to the price of investment and with respect to the price of output, are 
significant in all periods considered and have the expected sign: investment decreases with the price 
of investment, and increases with the price of output. The first result to note is that the elasticity 
with respect to the price of investment is on average the same in the whole period (-0.22) and in 
both sub-periods (-0.25 and -0.23). This is not the case of the elasticity with respect to the price of 
output: its average value is 0.14 for the whole period, while it is 0.56 for the first sub-period and 0.20 
for the second sub-period. The second result is that the elasticity with respect to output price 
decreases between the first sub-period and the second sub-period. While in the first sub-period, it 
was much above the elasticity with respect to investment price, it has a similar range during the 
second sub-period. This reveals that in the first sub-period, farmers are more responsive to changes 
in the expected output price than in the investment price, while in the second sub-period they are 
equally responsive. 
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Table 3. Values and significance of the investment decision parameters  

Parameters for  Whole period 2002-2006 2007-2014 
Capital adjustment cost function E_ 0.0017*** 

(0.0001) 
0.0016*** 
(0.0003) 

0.0015*** 
(0.0002) 

B̅ -0.74* 
(0.64) 

-0.42 
(1.78) 

-0.70 
(1.15) 

Production technology Ln 0.04*** 
(0.01) 

0.22*** 
(0.05) 

0.04*** 
(0.01) 

Standard deviations of estimates are in parentheses 
Significance levels: * 10%, ** 5%, *** 1% 
Note: the parameter B̅  is the average value of the Bd*+ over i and t. 
Source: The authors based on French FADN data. 

Table 4. Average elasticities of investment computed for each observation and significance 

 Whole period 2002-2006 2007-2014 
With respect to investment price (V ( *+) -0.22*** 

(0.02) 
-0.25*** 

(0.03) 
-0.23*** 

(0.02) 
With respect to output price (V (*+) 0.14*** 

(0.02) 
0.56*** 
(0.06) 

0.20*** 
(0.02) 

Standard deviations of estimates are in parentheses 
Significance levels: * 10%, ** 5%, *** 1% 
Source: The authors based on French FADN data. 

 

5. Conclusion 

We investigated the investment response of French farmers during the period 2002-2014 to changes 
in prices (investment price and output price). Understanding whether farmers are more responsive to 
one or the other price can help draw policy recommendations regarding incentives for farmers’ 
investment. We used a structural model obtained from the maximization of farmers’ future expected 
profit under naïve expectations and a Hausman-Taylor estimation framework enabling to control for 
farmer’s heterogeneity. 

We found that the period considered was composed of two sub-periods in which farmers’ behavior 
was different. The first sub-period between 2002 and 2006 is characterized by stable output prices, 
and relatively stable investment. By contrast, the second sub-period between 2007 and 2014 is 
characterized by higher but more volatile output prices, and similarly by higher but more volatile levels 
of investment. The different price evolutions between both periods indicate the date where prices 
became more volatile. In a context of price volatility and hence higher uncertainty of expected 
profitability of investment projects, the behavior of agents regarding irreversible investment is 
affected. In agriculture, irreversibility is strongly present, as capital is often production specific and 
may not be used for alternative uses. In theory, the situation of price volatility (uncertainty) combined 
with investment irreversibility should make agents invest less and delay investment decisions (Dixit 
and Pindyck, 1994; Sckokai and Moro, 2009). However, this is not what we observe in our data. This 
may be explained by the fact that in such context agents may continue to invest but do so in more 
malleable technologies, that is to say that are more easily reversed (Cavallo et al., 2013). Another 
explanation is that uncertainty increases the expected return of the investment project, and hence the 
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price that would trigger investment (Dong et al., 2016). Here, although the output price is more volatile 
after 2007, its level remains high during this period, and probably sufficiently high to trigger large 
investments. Finally, high investments in the presence of price volatility may be due to farmers 
changing the output mix in order to have crops that are less risky (Sckokai and Moro, 2009). Such 
change in output mix may require specific investments. 

In the first sub-period between 2002 and 2006, farmers’ average investment levels slightly decrease 
with a continuous trend, and farmers’ investment behavior is more responsive to the price of output 
than to the price of investment. By contrast, in the second sub-period between 2007 and 2014, 
farmers’ investment behavior is more erratic and is as much responsive to the price of output as to the 
price of investment. Since the responsiveness with respect to the investment price is very stable across 
both periods, the results show that it is the output price that makes farmers’ behavior change. As 
explained above, this may be due to the increase in output price levels during the second sub-period. 

On a policy point of view, our investigations show that expected output prices strongly affect farmers’ 
behavior, more than investment price, during periods of stable output prices. However, this is not the 
case anymore when prices become volatile. Provided that farmers have naïve price expectations, our 
results suggest that in the current context of crop prices volatility, farmers’ investment behavior may 
not be as much influenced as it was before by output prices. 

On a methodological point of view, our analysis underlines the need to carefully model the 
expectations scheme. The choice of the form of expectations is indeed a crucial issue. As shown here, 
expectations play a role in investment decisions, in the way that production and investment choices 
are based on expected future profit. To make his/her decisions, the producer observes input prices 
and investment cost in the current period, and has to forecast the output price, as well as the future 
evolution of input prices and investment cost in the next periods. Producers’ response in terms of 
capital adjustments following a policy change depends on the producers’ expectations of the effects 
of the policy change. For instance, using a Computable General Equilibrium model, Femenia and Gohin 
(2013) show that the impact of an agricultural policy reform on economic welfare partly depends the 
way agents form their expectation. More specifically, the way agricultural producers adjust their 
capital stock to adapt their production after the reform depends on their expectations of the impacts 
of the reform on market conditions: if they have an imperfect knowledge of the structure of the 
economy and do not immediately anticipate the impacts of the reform in order to consequently adjust 
their production, the reform can initially generate welfare losses. When data are available on a longer 
period and enable the use of time series data, one could estimate the investment model developed 
here under the assumption of quasi-rational expectations. In this scheme, farmers form their 
expectations on a series of past observations. In this context, it would be interesting to test whether 
farmers’ expectations become quasi-rational in the period with high output price volatility. This 
appears to be a good topic for further research.  
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