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Introduction
[bookmark: _GoBack]Lamb producers in many parts of the USA have a diversity of marketing options available to them. These options may include selling milk-fed lambs directly off their dams for slaughter, selling feeder lambs for others to grow and finish, growing lighter lambs for the ethnic/non traditional market (mainly halal processed for people of Muslim culture and principally Arab American), or growing them to larger sizes with greater fatness for the traditional lamb market.  The profitability of these marketing options can vary throughout the year, since some options are highly profitable during specific time frames.  Whereas others are less variant, having a relatively consistent profit margin for an operation.  This results in either high or low profit potentials based on what market is targeted over the course of the year and current market conditions, which are not always predictable.  Feed prices, production practices and market prices all interact to determine profitability at any point in time, making uncertainty and risk major determinants in determining when to sell groups of lambs.
To address this, we have developed a unique tool to calculate the profit of various marketing options based on a farm’s management practices (such as health program, culling, age for breeding ewe lambs, etc.) animal performance (such as reproductive performance, mortality, etc.) and current costs (such as feed price, vaccinations, labor, transportation, etc.).  The calculator can encompass a variety of production and marketing options, and can also serve to examine how selected changes in production, health, genetics, and market prices can impact profitability of selling into various markets.  This allows a producer the opportunity to evaluate marketing options prior to sale and also to see how altering production practices that affect animal performance and costs might impact profitability.  
The calculator was developed in Microsoft® Excel, which is a familiar and available software program to many people.  There are several worksheets within the tool that allow a farm’s own data and marketing options to be inputted.  There are also templates developed that producers can use for inputting growth and feed efficiency of lambs depending on their genetic capacity for growth as well as accounting for different rearing programs that produce lambs which grow relatively fast or slow.  Producers can override these templates and enter their own data as well.  In addition to a single profit scenario, there is also a worksheet that allows side by side comparisons of how altering any of the input parameters can affect profitability of lambs sold at any size.  This allows a relatively simple way for producers to track how a change impacts their profit per lamb or per ewe without re-entering the values throughout the spreadsheet for each change to evaluate.


Lamb production and marketing profit evaluation example
As an illustration of how this calculator can be used, we examined the profitability of selling to the traditional vs non-traditional lamb market in a typical lamb production scenario in the upper Midwest.  In this scenario, the flock lambed on pasture in mid-May with prolific sheep (mature ewe weight of 175 lb) at a 190% lambing percentage and 14% lamb mortality from birth to weaning.  Lambs were weaned in late July (48 lbs, 65 days of age) and then fed to enter either the non-traditional market at 80-100 lb of body weight or the traditional fat lamb market with lambs sold at 130-140 lb of body weight.  We used the medium size ewe (170 lb) and medium growth rate ADG FG template for this comparison as it fit the flock genetics and lambing feeding program most closely.  
Lambs were fed largely on home-grown energy supplements (corn or barley) with added protein and other supplements (vitamins and minerals) purchased on the commodity market.  Feed prices were inputted accordingly.  We used market lamb prices that are “typical” for 80-100 lb lambs sold in Sept/Oct (approximately $1.90-2.10/lb) as compared to growing the same lambs to 130-140 lb (approximately $1.60/lb) and selling them in January (prices reflect commodity lamb market conditions in southern Michigan during late 2017 to early 2018).
Table 1.  Lamb profit as $/lamb and as $/ewe by lamb market weight as sold to the non-traditional market in September or October as compared to sold to the traditional market in January.
	Lamb weight
	Market price
	Profit
	Profit

	lb/lamb
	$/lb
	$/lamb sold
	$/ewe

	48
	2.40
	21.32
	32.77

	58
	2.30
	34.48
	52.84

	68
	2.25
	46.95
	70.94

	78
	2.15
	56.00
	84.44

	88
	2.05
	63.85
	96.14

	98
	1.95
	68.03
	102.27

	108
	1.85
	67.98
	102.03

	118
	1.68
	58.33
	87.41

	128
	1.65
	60.81
	91.00

	138
	1.60
	62.03
	92.68

	148
	1.55
	53.59
	79.94

	158
	1.40
	31.00
	46.17

	168
	1.30
	11.90
	17.69



As shown in Table 1, the projected profit was approximately $64-68 per lamb for the lambs sold to the non-traditional market versus $60-62 for those fed and sold to the traditional market.  These profit estimates are very similar between the two market options with the non-traditional market slightly favored.  For this scenario,  a reasonable decision might be to sell to both markets to lower risk.  Historically, many producers have favored selling to the traditional market in this scenario without consideration of the profit potential of the non-traditional market.  Using this tool, producers will be better able to evaluate their lamb marketing options.  The relative profit potential of selling to these markets is highly dependent on the relative market prices offered for light (80-100 lb) non-traditional lambs versus heavy (130+ lb) traditional lambs.  Since these prices can be difficult to predict, we encourage producers to use the comparisons worksheet of the calculator to model the high and low prices they predict for both markets.  This often reveals the best market choice over the range of prices expected for each option. Feed prices are another factor that plays an important role in affecting marketing decisions.  In general, producers with a larger scale feeding operations will have a lower cost of feed than those of smaller scale.  This makes the non-traditional market especially attractive to the smaller operation as profit in this market is less affected by lamb feeding cost given the shorter feeding time to produce lighter lambs. 
General Instructions for Entering Data:
Each worksheet within the spreadsheet serves a different purpose.  Please follow the instructions below given for each specific worksheet.   For all worksheets, data can be inputted in any cell shaded in yellow.  Those cells shaded in dark yellow require input data for the calculator to function where as those shaded in light yellow require data only when the user thinks it is needed as explained below. 
Inputs Worksheet:
Pre-weaned lamb feed (rows 2-12):
Enter the weight (B2) and age (B3) of lambs at weaning.
Determine the cost of feeding creep feed by entering the number of days creep feed is provided (B4), the average amount of creep consumed per day (B5), and the price for creep feed (B6).  The total creep feed cost per lamb is now in B7.  If you know the average creep feed cost per lamb, it can instead be manually entered into B7.
The same procedure is done for determining the cost of feeding hay to pre-weaned lambs in rows 8-11.  Cell B11 is the calculated cost of feeding hay to pre-weaned lambs, which could also be manually entered in B11.
The total feed cost for pre-weaned lambs is now in B12 (creep feed plus hay costs).
Ewe performance and feed costs (rows 15-26):
Enter the number of breeding ewes in B15; this will be used to calculate the number of lambs born and allow the calculator to put profit on a per lamb sold basis.  Enter the average body weight of your ewes (non-pregnant, non-lactating, average body condition score) in B16.
Enter the price of ewe feed per lb dry matter (DM) during maintenance (B17) and pregnancy/lactation (B18).  
Enter the average number of months between breeding periods for each ewe in B19.  For annual breeding, this number would be 12.  See Appendix for different systems.
Enter the conception rate (B20) and lambing rate (B21).  See Appendix for an explanation of complex situations.
Enter the % of lambs who die within the first week of life (newborn mortality rate) in B22.  Enter the % of lambs who survive the first week of life but die before weaning in B23.  Since these lambs still required ewes to produce them, they are accounted for in the cost of production when selling their litter mates.
Ewe labor and health costs (rows 29-37):
This profit calculator includes options for entering labor during lambing (B30), general ewe husbandry over a lambing period (B31), and for general labor related to lambs (column J in Finishing worksheet).  Enter a labor rate ($/hr) in B29.  Enter the average number of hours spent per ewe during lambing time in B30.  Enter the number of hours spent doing general labor (such as feeding, checking on ewes, maintenance of fence, moving salt/water, etc.) averaged for each ewe during a lambing period in B31.  Type of feeding system may play a large part of daily labor on a farm, plus labor involved in executing the health program.
Enter the health costs incurred for each pregnant and lactating ewe during each lambing period in B32.  This would include such things as a vaccine (CD&T, vibrio, CL) boosters, lambing supplies, bedding, shearing, deworming, ultrasound examination, etc.  Similarly, enter the health costs for each ewe that did not become pregnant (non-productive) in B33.  This may still include deworming, ultrasound, vaccinations, shearing, etc.
The average cost of labor and health interventions for each ewe (both productive and non-productive) is calculated in B37.
Ewe replacements:
Enter the % of the total number of weaned lambs that are kept back as ewe replacements in B40. 
Enter the average feed price ($/lb DM) for ewe replacements in B41.  Also, enter the body weight at first breeding in B42 and age at first breeding in B43.  These values will be used to calculate the feed cost for raising one ewe replacement from weaning until first breeding (B44).
The cost of feeding growing ewe replacements until first breeding on a per weaned lamb basis is in B45.  
Enter the total amount of health and labor costs provided to each ewe replacement in B47 (vaccinations, health checks, veterinary care, etc.).  
Enter the market price for cull ewes in B50.  Revenue provided by cull ewes is calculated in B51 on a per weaned lamb basis.  
Finishing Worksheet:
This table requires the user to input costs incurred by post-weaned lambs.  Columns with the darker yellow color are to have all cells filled, whereas columns with the lighter yellow color only need values when a cost is incurred or when mortality occurs (depending on what the column is asking).  There may be blank cells in the light yellow color columns.
Lamb weight (column A): this table starts at the entered weaning weight from the Inputs worksheet.
% Mature size (column B): this is the current weight divided by the mature weight (ewe body weight from the Inputs worksheet).
Lamb age (column C): this table starts at the entered weaning age from the Inputs worksheet.
Average daily gain (ADG, column D) and Feed:gain (F:G, column E): enter the ADG and F:G as the lamb grows.  Average values based on small, medium, and large frame lambs and slow, medium, and fast growing lambs (3x3=9 different combinations) can be found on the “ADG FG templates” worksheet.  Cut the appropriate template (out of the 9 provided) out of the “ADG FG templates” worksheet and paste it into column D and E.  
Feed cost (column F): enter the feed cost per lb of DM as the lamb grows.  The diet may change over time (such as taking out soybean meal or adding in cottonseeds, etc.), so be aware of your ration cost during different phases of growth.
Health costs (column G): enter when a health cost is incurred ($ per lamb).  For example, if you vaccinate for CD&T at weaning, enter the cost per dose in G4.
Mortality (column H): enter the % of lambs that die during that stage of growth.  
Bedding, miscellaneous costs (column I): enter when a cost is incurred for housing these lambs.  This could also be called yardage, and can include any costs you would like to consider, such as facilities and equipment required to have lambs on feedlot, bedding used, lot maintenance, manure removal, land use, etc.  
Lamb related labor (column J): enter the number of hours spent per lamb each day.  This includes feeding, checking on lambs, equipment/facility maintenance and repair, moving fencing, etc.  
Transportation (column K): enter the cost of transporting a lamb to sale/slaughter.  This value may be depend on the size of lamb; thus, enter a value for each lamb weight category.
Commission (column L): enter the commission cost as $/lamb.  This also can vary by size of lamb.
Shearing costs (column M): enter the cost of shearing lamb (if done at all).
Wool revenue (column N): enter the sales for each lamb’s wool ($/lamb).
Shrink (column O): enter the % shrink.  Shrink is defined at the amount of bodyweight lost from the farm to when they are weighed to determine the sales value. 
ADG FG template Worksheet:
This worksheet contains templates that can be used in the Finishing worksheet.   There are nine templates provided that differ in growth potential of the lambs due to the mature size of the genetics in the flock (3 sizes) and the way in which lambs are fed (3 growth rates).   Mature size is a major predictor of growth rate and the relative maturity of the lambs has a huge impact on their efficiency of growth (expressed as feed:gain).  Growth rate at any given mature size is influenced to a large degree by the energy intake of the lambs.  In these templates the slow rate of growth is predicted when lambs are fed a low energy diet (unlimited access to a diet of 62% total digestible nutrients [TDN]), medium growth rate (unlimited access to a diet of 72% TDN) and fast growth (unlimited access to a high energy diet at 82% TDN).
Small frame or mature size is for lambs whose maternal mature size averages 136 lbs, medium frame or mature size is for lambs whose maternal mature size averages 170 lbs and large frame or mature size is for lambs whose maternal mature size averages 204 lbs.  Average maternal mature size for lambs within the flock refers to the average of the mature size of their dams and that of the maternal size of the sires.   If a sire is a crossbred, his maternal mature size would be the average of his dam and that of his paternal grand dam.  
Profit worksheet:
Market price (column B): enter the market price you expect to receive for lamb at each weight.
Profit per lamb (column C): this is each lamb’s revenue (column G) minus the cost of producing each lamb that was sold (column E) minus the cost of producing lamb that was not sold based on mortality rates and associated costs (column F).  This is the profit per lamb that was sold, including its own cost of production plus those of its ewe and siblings who either died or were used as replacements.
Profit per ewe (column D): this in the profit on a per ewe basis.  It uses the number of weaned lambs per ewe and post-weaned lamb mortality rates to adjust the profit per lamb value.  Depending on producer preference, they may prefer to view profit on a per ewe rather than per lamb basis.
Cost of production (column E): this is feed costs, checkoff, health costs, bedding/yardage/misc, labor, transportation, commission, shearing, plus ewe feed, labor, and health and replacement feed, labor, and health costs for one lamb that reaches market.
Comparisons worksheet:
This worksheet allows the user to change input values (rows 3-45) and observe their impact on Profit/lamb and Profit/ewe (rows 50-82).
Inputs are listed in column A.  The current value for each input is in column B (from the Input, Finishing, and Profit worksheets), and the units for each value in column C.
Columns D-K contain the set of input values for 8 different scenarios.  For instance, if a producer wants to know how increasing the conception rate from 90 to 95% will impact lamb profit, they will see 90 in cell B15 (Conception rate row) put 95 in cell D15 (new conception rate value, for Scenario A, or column D).  Then they can compare cells B50-82 to those in D50-82 to compare the profit per lamb or per ewe between these two scenarios.
Up to 8 different scenarios can be compared instantaneously side by side.  If the user desires to examine the full set of values that produce each profit set, they may look at the “Comparison calc” worksheet, where the full set of all 8 scenarios are listed.


Appendix:
Additional columns and cell descriptions:
Input worksheet:
For ewe feed costs, the feed prices per lb DM in B17 and B18 are used to calculate the cost of feeding ewes during these productive stages based on average intake values (2.4, 3.2, and 3.9% of body weight [BW] during maintenance, pregnancy, and lactation, respectively).  If you prefer to provide the cost of feeding each ewe per day during these stages, you may alternatively enter that in cells F18, F19, and F20.  For instance, if you feed 1 lb of grain ($0.10/lb) each day during lactation, then add $0.10/day to the maintenance cost (cell F18) for each ewe and input it into F20.  If a difference forage is also fed, you may also change the daily feed cost to indicate that.
For B19, if using accelerated lamb production with a shorter interval between births, use the mean average interval between births.  This length of time is used to calculate how much feed the ewe consumes between breeding periods which is typically at a maintenance level and is an indirect cost of lamb production.  The cost of feeding one productive ewe (one who carried a lamb(s) that period) for an entire lambing period is now present in F24.
For B20 and B21, if these values vary depending on the breeding season, enter the average rate across all your ewes as this number is used to calculate the average number of lambs produced per lambing period.  For instance, if you breed 20% of your ewes with an 80% conception rate and 80% of your ewes with a 95% conception rate, put in 0.2*0.8+0.8*0.95=0.92 or 92%.  This works as long as all ewes have the same time interval between lambing/breeding periods.  If some ewes are one shorter lambing cycles than others, contact Erin with questions on how to solve.
The number of lambs weaned is shown in B24, number of lambs born per ewe (including productive and non-productive ewes) in B25, and number of lambs weaned per ewe (productive and non-productive ewes) in B26.
The feed cost per productive ewe during a lambing period is in F24.  The feed cost per ewe (for all ewes, productive and non-productive) during a lambing period is in F25.  The feed cost per ewe (productive and non-productive) per weaned lamb is in F26.  This is essentially the ewe feed costs for one weaned lamb and encompasses ewe reproductive performance (conception rate, lambing rate) and lamb mortality.
For health related costs, such as B32 and B33, please keep in mind that various health interventions may change the performance and survivability of a flock.  Therefore, it is important to consider the cost and reward for implementing such interventions, but also to change corresponding mortality or other performance indicators that may change.
For B40, remember that this is the percent of total lambs born that are kept as ewe lambs and not just the percentage of ewe lambs kept for replacements.  This number is used to calculate how much feed, labor, health costs are incurred by growing replacements instead of selling them as market lambs.  The number of cull ewes will be calculated from the number of ewe replacements each lambing period; in other words, the flock size remains constant.  If the flock is increasing or decreasing in size, contact Erin to determine how to calculate an appropriate replacement rate.
Ewe replacements are an important consideration when determining the indirect costs of producing lamb.  Having a better understanding of the cost of culling and replacing ewes can be beneficial when deciding whether or not to change genetics, eradicate a disease, improve a flock’s growth potential, etc.  Cull ewe prices, as impacted by the ethnic market, may play a large role in whether or not a high ewe flock turnover rate is cost prohibitive or not.
For B45, this value uses the % of weaned lambs who will be used for ewe replacements multiplied by the cost of feeding a ewe replacement.  It will be factored into the cost of producing a market lamb, since replacements are still required as a natural part of the flock that produces market lambs, and thus an indirect cost of production.
For B47, this value will be multiplied by the % of the weaned lambs who will be used for ewe replacements and be factored into the indirect costs of producing market lambs.
For B50, the number of cull ewes again is based on the number of ewe lamb replacements kept (replacement rate multiplied by the number of weaned lambs).  Cull ewe revenue will be added to the revenue generated by each market lamb in proportion to how many of its litter mates are used as replacements, an indirect source of revenue from lamb production.
Finishing worksheet:
For columns D and E, you may also input your own lamb performance if known. These templates based information gleaned from the literature on lamb growth and body composition and are provided as guidelines only.   Users may have information gained from their own farm/ranch to use in these cells instead that may be more pertinent to their combination of genetics and feeding program. Users are encouraged to use their own data if they feel that the templates provided do not fit their situation.
Column H illustrates the risk incurred for growing lambs to larger weights, as it is used to account for the various costs incurred when these lamb do not make it to sale.  If you know the number of lamb instead of the %, take the number who die divided by the number of lambs currently at that weight, and enter it.  The cumulative mortality is provided in column Q.
Column I is entered as $/lamb for each growth period.  Depending on how you calculate these costs, you may enter a value for each growth period or only when bedding is changed or a cost incurred from what you keep track of in this column.  If you know your costs as $/lamb/day, multiply it by the number of days in each growth period (found in column C).  These costs are accumulated in column R.
Column J is labor related costs, which are multiplied by the labor rate (B29 in the Inputs worksheet) and accumulated in column S.
In column O, shrink is expressed as percent.  Shrink can vary by lamb weight, body fatness and mode and length of transportation.
Profit worksheet:
Cost of production of lamb that died post-weaning (column F): this is feed costs, health costs, bedding/yardage/misc, labor, shearing, plus ewe feed, labor, and health and replacement feed, labor, and health costs.  These costs are still incurred if a lamb grows to the weight at which it died.
Sales revenue (column G): this is the sales revenue (based on $/lb and shrink), wool revenue, and cull ewe revenue.
Feed intake (column H): the amount of feed consumed per day per lamb based on ADG and F:G during each growth period.
Feed cost per day (column I): the cost of feed per day per lamb at that body weight and performance (ADG, F:G).
Feed cost per period (column J): the cost of feed per growth period per lamb.  It is the feed cost per day multiplied by the number of days in that growth period.
Cumulative feed costs (column K): the total cost of feed consumed by a lamb from weaning until that body weight.
Lamb revenue (column L): the revenue generated from a lamb sold at that body weight, based on shrink and market price.
Checkoff (column M): checkoff dollars paid per lamb sold, $0.007/lb live weight.
Ewe feed (column N): the cost of feeding ewe(s) that produced one weaned lamb for market (not as a replacement).  This is the cost of feeding one ewe divided by the weaned lambs/ewe divided by the proportion of weaned lambs that are grown for market.
Ewe labor and health costs (column O): the labor and health costs of ewe(s) that produce one weaned lamb for market.  This is the labor and health costs of one ewe divided by the weaned lambs/ewe divided by the proportion of weaned lambs that are grown for market.
Feed costs for replacements (column P): the cost of feeding the replacement ewe littermates of one weaned lamb produced for market.  This is the cost of feeding a replacement ewe multiplied by the number of ewe replacements per weaned lamb and divided by the proportion of weaned lambs that are grown for market.
Replacement labor and health costs (column Q): the labor and health costs of replacement ewe siblings of one weaned lamb produced for market.  This is the labor and health costs of a replacement ewe multiplied by the number of ewe replacements per weaned lamb and divided by the proportion of weaned lambs that are grown for market.
Cull ewe revenue (column R): this is the revenue generated from one weaned lambs cull ewe(s).  It is calculated as the revenue generated from one cull ewe multiplied by the number of ewe replacements per weaned lamb and divided by the proportion of weaned lambs that are grown for market.
Development of Average Daily Gain and Feed to Gain Ratio Templates:
Average daily gain and feed efficiency (feed to gain ratio) depend on a lamb’s mature frame size, its current percent of mature size, and the rate at which it is growing, which is dependent on its dietary energy concentration.  Most producers are unaware of the actual rates of daily gain and feed efficiencies of their lambs as they age; therefore, we formed a simple template of average values for small, medium, and large framed sheep growing at slow, medium, and fast rates of gain (see “ADG FG template” worksheet).
For slow, medium, and fast growing lambs, we used dietary TDN values of 62, 72, and 82%, which were average values observed across the literature for producing three different growth rates for experimental purposes, and from which we based our body fat composition and ADG data (Butterfield 1988, Ehrhardt et al. 2003, Kabbali et al. 1992, Notter et al. 1984).  With a gross energy of 2.0 Mcal GE/lb TDN (Weiss et al. 1992), a DE to ME conversion factor of 0.82 (Van Soest 1994), and estimated intake values (NRC 2007), ME intake was calculated by each group of lambs throughout the growth process.
Intake was estimated via the intake equation defined in NRC 2007, in which intake of an all-grass pasture of non-limiting DM digestibility is a function of % mature body weight.  In this equation, intake achieves a peak estimate around 85% mature size.  Intake is regulated by both physical and chemical factors, with animals typically consuming feed DM in relation to dietary NDF (Huhtanen et al. 2016).  The NRC 2007 allows for an adjustment to this intake equation by constraining intake in relation to dietary digestibility.  According to this adjustment, intake for the low and medium energy diets, 62 and 72% TDN, respectively; would be reduced to approximately 70 and 85% of that of a high energy diet (80% TDN).  In comparing to similar types of diets fed to lambs, the intake restriction may perhaps not be as severe as this correction suggests (Lewis and Emmans 2010).  Concentrates may also provide a stimulatory effect for intake, as they may stimulate fermentation and thus digestibility, and allow for increased intakes.  Therefore, estimates provided by these equations may be different than that observed with specific diets.  We followed the NRC recommendations on intake when formulating the ADG and F:G template values.
The composition of gain is a factor of % mature size and growth rate (as impacted by feed intake and/or feed energy concentration).  As a lamb matures, it fat deposition increases at an exponential rate in its carcass, while protein deposition remains relatively linear.  Body composition data throughout growth was averaged across a variety of studies that evaluated lamb growth at various energy intakes and degrees of maturity (Butterfield 1988, Ehrhardt et al. 2003, Kabbali et al. 1992, Notter et al. 1984).  These values were used as a basis for protein and fat composition of the tissues at each % mature size.  Mature size was 136, 170, and 204 lb body weight for the small, medium, and large frame lambs.
As dietary energy intake affects the degree to which energy is partitioned into fat, adjustments were made to the body composition versus energy intake relationship, with higher fat deposition observed with higher energy intake and lower fat deposition with lower energy intake (Ehrhardt et al. 2003, Kabbali et al. 1992, Notter et al. 1984).  To account for this, the rate of fat deposition for each of the three diets was modeled using the Gompertz growth equation (Gompertz 1825).  This allowed us to model changes in body composition according to % mature size at 3 different levels of energy intake. The % of protein in the gain was based on a linear fit of compositional data with Merino rams (Butterfield 1988).  The relationship between protein accretion and % mature size was assumed to be similar among the three diets.  Using standard values of 5640 kcal/kg protein and 9400 kcal/kg fat deposition, and an efficiency factor of 0.46, the net energy required for tissue gain was calculated.  The difference between ME intake and ME required for maintenance (62 kcal/kg shrunk body weight^0.75; Galvani et al. 2014) allowed for an estimation of average daily gain during each period of growth. 
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