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Regional Total Factor Productivity Changes of Sorghum Production in Zambia

Obed Chanda, Chieko Umetsu
(Graduate School of Agriculture, Kyoto University)

1. Introduction

Crop production in Zambia is dominated by maize. However, the sustainability of maize production in some
regions of the country, especially in Southern Province, is under threat from climate variability
(UNEP&ICRAF, 2006; Mubanga et al, 2014). Climate variability is characterized by long dry spells during
the rainy season (November to March) and low rainfall amounts. This threatens household food security
and livestock production due to animal disease outbreaks and loss of grazing land. Among climate change
adaptation measures is the adoption of drought tolerant crops. Sorghum is one of the traditional and drought
resistant crops that can be promoted as a substitute for maize under dry conditions. Zambia produced a total
27,244 metric tons of sorghum in 2017 (CSO, 2018). Of this quantity, Southern province produced 13,492
metric tons (49.5% of total) making it the largest producer of the commodity in the country. Nevertheless,
demand for this commodity has been domestic until recent years. The absence of dependable industrial
market for such traditional commodities stifled growth in production. This situation has long been
recognized as a restrictive feature in terms of crop diversification, dietary diversity and nutrition in the
Zambian food industry (Umar et al., 2015; Rejendran et al., 2015). Recently however, the emergence of
new health conditions and the impact of climate variability, among other reasons, are pushing people to
consider whole lifestyle changes, including food and eating habits. People are beginning to look at sorghum
and other traditional crops as favourable meal options (Vanala et al, 2017; The African Region Health
Report, 2006). This emergency of domestic and industrial demand by consumers and processors might lead
to improvements in production and productivity of sorghum farmers. Such commaodities in fact fetch higher
prices than maize in local markets. Hence, focused sorghum producers may gain more revenue in the long
term, by establishing a reliable market share from renewed interest in the commodity. Although there is
increasing importance of sorghum production, little research on productivity of sorghum production has
been done in Zambia.

2. Purpose

This study aims at comparing regional sorghum total factor productivity change over time in Zambia and to
find out which regions have potential for more production by improving efficiencies. The findings might be
useful to government as well as potential investors in the sector in terms of deciding where to place their
investments and also the area of focus to enhance productivity.

3. Method and data

Regional average efficiencies of sorghum farmers over a period of 8 years (2010-2018) were analysed
using CCR, BCC and SBM input oriented models in Data Envelopment Analysis (DEA) to compare
regional productivity. Then we employ the Malmquist Productivity Index (MPI) to measure the sorghum
total factor productivity change over the same period. In its decomposed form, MPI is a product of a
change in efficiency and a change in technology. Therefore, the Malmquist Productivity Index indicates
an increase or decrease in productivity over time. We employ one output two inputs model to regional
sorghum production data collected by the Central Statistical Office (CSO) in conjunction with Ministry of
Agriculture (MoA). The ten provinces are designated as Decision Making Units (DMUS) in this study.

4. Results

Table 1 indicates estimation results. From the CCR-IC, BCC-IC and SBM-IC models, only Copperbelt and
Lusaka regions were efficient. These are the most populated and industrialised regions in Zambia. Industrial
demand such as from breweries and millers may have contributed to higher efficiencies of sorghum
producers in those regions. In general, farmers in the two provinces are expected to be of higher education
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and they may have access to information, loans and some equipment on their farms. Using the BCC-IC
model, six regions including the Copperbelt, Eastern, Lusaka, Northern, North-Western and Southern
provinces were efficient at constant returns to scale. Farmers® efficiencies measured using the super
efficiency SBM-IC model at constant returns to scale shows similar results with CCR-1C model. Efficiency
change between 2010 and 2018, as indicated by the MPI (Table 2) shows that farmers in Southern province
which is the largest producer of sorghum in the country, regressed in both efficiency (Catch-up score 0.809)
and technology (Frontier shift score 0.901). The MPI score was 0.739. Therefore, even if Southern province
remains the largest producer of sorghum in the country, there is still scope for more production by improving
farmer efficiency and technology. Similarly, the Copperbelt province regressed in both efficiency (Catch-
up score 0.944) and technology (Frontier—shift score 0.935) despite being one of the industrialised regions
in Zambia, where food processors and other related industries are located. Its MPI score was only 0.887.
However, overall production on the Copperbelt is much lower than the Southern province. There was
tremendous improvement in efficiency of farmers in Lusaka province (Catch-up score 1.750). This may
have been due to the emergence of millers and packaging companies like Omega Foods as well as beer
industries like National Breweries and Zambian Breweries which introduced sorghum meal in supermarkets
and new brands of opaque and lager beer respectively. Compared to efficiency change, technological
improvements in Lusaka remained suboptimal (Frontier-shift score 0.906), despite the appearance of many
hybrid seed companies, fertiliser distributors and blending companies in the country. This is due to the fact
that seed companies remain focused on commercial production of hybrid seed for maize and other
commodities which enjoy major government support but not sorghum. In Central, Northern and North
western provinces there was an overall improvement in the MPI over the period driven by increase in
farmers’ efficiency, whereas technology regressed in all regions.

Table 1: CCR, BCC and SBM scores of sorghum Table 2: MPI scores of sorghum production
production of ten provinces in Zambia in 2016 of ten provinces in Zambia (2011-2018)
CCR-I-C | BCC-I-C | SBM-I-C MPI (2011-2018)
DMU Score Score Score CEMPEED! E L M
Average eff. 0.629 0.868 0.580 Average eff. 1.072 | 0.909 | 0.968
Central 0.641 0.801 0.590 Central 1.171 | 0.910 | 1.048
Copperbelt 1.000 1.000 1.000 | Copperbelt 0.944 | 0.935 | 0.887 |
Eastern 0.197 1.000 0.168 Eastern 0.542 | 0.893 | 0.485
Luapula 0.633 0.838 0.533 Luapula 1.067 | 0.914 | 0.958
Lusaka 1.000 1.000 1.000 | Lusaka 1750 | 0.906 | 1.576 |
Northern 0.674 1.000 0.645 Northern 1.488 | 0.916 | 1.354
North Western 0.738 1.000 0.673 North Western 1.211 | 0.917 | 1.098
Muchinga 0.333 0.408 0.325 Muchinga 1.063 | 0.881 | 0.913
Southern 0.721 1.000 0.545 Southern 0.809 | 0.901 | 0.739 |
Western 0.357 0.630 0.325 Western 0.678 | 0.914 | 0.622

5. Conclusion

Malmaquist total factor productivity was estimated for ten provinces in Zambia for 2011-2018 period.
Southern province which is the largest producer of sorghum had low efficiency and technology changes
compared to other regions and has high potential to expand production further by improving both
efficiency and technology of farm production.
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Total factor productivity growth in agriculture:

A Malmquist index analysis of Australia’s beef cattle industry

Keinan U (Graduate School of Agriculture, Kyoto University)

1. Introduction

In the last few decades, agriculture productivity and efficiency growth analysis in agriculture has attracted
many attentions of researchers and policymakers. The concern has been that the productivity of agriculture is
decreasing especially in the developed country (Khan & Salim, 2015). Furthermore, as the world
experiencing decreasing in productivity growth of agriculture, over the same period, it is expected that the
global demand of food especially livestock products will increase significantly in the next decades (Nardone
et al., 2010). Livestock products are an important agricultural sector for global food security as they provide
17% of global kilocalorie consumption and 33% of protein consumption (Rosegrant et al., 2009). The
livestock sector contributes to the livelihoods of one billion of the poorest population in the world and
employs close to 1.1 billion people (Hurst et al., 2005). Thus, in the face of global warming and reduced
food security, the declines in agricultural productivity have renewed interest in productivity analysis.
Australia is one of the major agricultural producer and exporter countries in the world, which has been
playing a very important role in the Australian economy. The livestock sector accounts for around 45% of
the total value of agricultural production in Australia with beef cattle representing the largest single industry
within the livestock sector (Nossal and Sheng, 2010). The purpose of this paper is to evaluate the
productivity of Australia’s beef cattle industry during 2008-2017 using the Malmquist index analysis to
provide a better understanding of the change in efficiency and productivity in recent years.

2. Methodology

This study uses the Malmquist index to examine the efficiency and productivity of Australian beef cattle
industry for the period 2008 to 2017. In contrast to conventional production function or other index
approaches, the Malmquist approach can distinguish between two sources of productivity growth: changes in
technical efficiency and efficiency change. The Malmgquist productivity index (MPI) was proposed by Caves
et al. (1982) based on functions developed by Malmquist. Féare et al. (1994) decomposed into two mutually
exclusive components: technical change and efficiency change over time and calculated the productivity
change as the geometric mean of two MPI using output distance functions.

3. Data

The data used for the analysis are farm-level aggregates input and output collected by the Australia
Government, Department of Agriculture. Each year Australian Bureau of Agricultural and Resource
Economics and Science (ABARES) surveys broadacre farms across Australia to obtain physical, financial
and household data. The data used in this study are from the AgSurf for cattle farms from the period of 2008
to 2017. The one output and three inputs used in the study are all in quantities to avoid the anomalies in price
information. Output: Beef cattle sold (heads). Input: Land in hectare, cattle number (heads) and labour
(weeks) in weeks.
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4. Results

Table 1 provides a summary of the results of the Malmquist index analysis. The Malmquist Productivity
Index were decomposed into the technical change index (T) and efficiency change (E) index. The Malmquist
index analysis reveals 7 regions with the positive efficiency change and 7 regions with the negative
efficiency change in the period 2008—-2017. The results indicate that the Malmquist productivity growth for
the Australia beef industry was negative 0.6% from 2008 to 2017. The mean the Malmquist productivity
growth for the Australia beef industry was positive (0.6%) during 2008-2012 and became negative (0.42%)
during 2012-2017. The trend of efficiency change, technological change and Malmquist productivity indices
between 2008-17 are shown in Figure 1, using 2008 as a base year. The Malmquist productivity index stayed
constant from 2008 to 2013 and an increase in productivity during 2013-15. The increasing productivity may
caused by the abolishment of Carbon tax and implementation of new emission reduction scheme. However,
this increasing productivity growth turned into negative from the year 2015. The decline of total factor
productivity from 2015 may be caused by the severe drought that Australia experienced during 2014-2015.
According to the Australia government Bureau of Meteorology (2015), almost all states and territory
experienced severe rainfall deficiencies especially in Northern Territory and Queensland.

5. Conclusion

This paper applied the Malmquist productivity index to evaluate the productivity for the Australia beef cattle
production regions during the period 2008 to 2017. Some of the production regions show slightly positive
total factor productivity while most of the regions are negative. The severe drought that Australia
experienced during 2014-2015 is a possible cause of declined in technological change since 2015. The
regions located in the Tropical climate zone show more dramatical decline in technological change in
comparison with other regions. Ultimately, for beef production growth to sustain in the future, the Australia
government might need to look more carefully into the farm location when supporting cattle farms during the
period of drought. In this regard the increase of public investment in research and extension to develop better
technology and on-farm practice to cope with drought are vital.

Table | Efficiency change (E), Technological Progress(T) and Malmquist total Productivity (M)
Indices by region, 2008-2017
2008-2012 2012-2017 2008-2017
Region _ _
E T M E T M E T M

NSW Central West 1057 0.94¢ 1000 0853 1023 0976

NSW North West 1024 0968 0991 0945 1027 0971 0979 1000 0980

NSW Riverina 1000 0.936 0.936 0918 1015 0931 0953  0.979

NSW Tablelands 0.999 1.008 007 1.053 1.001 1.054 1028 1.004 1.032
QLD Cape York 0943 1.036 0977 1.088

Figure 1 efficiency change, technological change and Malmquist TFP

QLD Eastern Darling

QLD Darling Dow ns 1.000 1.060 1.060 1.000 0987 0.987 1.000 1.019 1.019 ./\
a.67 0970 1014 09 p

QLD South Coastal 0958 1041 0.997 0.981 0.993

WA Central 1014 0.977 0.991 0.949 0.992 0.941 0978 0.98¢ 0.963 D \
g L
1082 1005 087

WA Pilhara 1193 0986 176 1000 1020 1020

NT Barkly Tablelands

NT Victoria River 0961 1015 0.97¢

SA North Pastoral 0933 1012 0944 0.9%0  1.020

SA South East

Mean
2009 2010 2011 2012 2013 2014 2015 2016 2017

Mote: Index 1.000 means no change, less than 1,000 means decine and grealer than 1,000 means growth

== Malmquist TFP Change Efficiency Change Technological Change
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An Intercountry Comparison of Agriculture Productivity in Africa:
A Malmquist Index Approach
Junyan Tian, Chieko Umetsu (Graduate School of Agriculture, Kyoto University)

1. Introduction

Owing to the burgeoning population in numerous African countries, food security has remained firmly on the
agenda for both scholars and policymakers. FAO (2012) reports that more than 234 million people suffer from
hunger and malnourishment in Sub-Saharan Africa. Reducing this will continue to be a concern if, as according to
the World Development Indicators (WDI), Africa’s population is projected to roughly triple to 4.5 billion by 2100.
On the other hand, agricultural productivity in Africa lags far behind the rest of the world. Hence, productivity
improvements in the agricultural sector are going to be essential in ensuring a reliable supply of food for the
booming population as well as to drive the overall economic growth.

The objective of this research is to figure out the trend of agriculture (total factor productivity) TFP across 30

countries over the last two decades and to clarify how different factors have affected agriculture productivity in
Africa.

2. Method & Data

The analysis of this study comprised of two stages. In the first stage, the Malmquist Index Approach was
employed to calculate the agricultural productivity of African countries. Since it was first introduced by S.
Malmquist (1953), Malmquist Index Approach has become a widely used nonparametric method for evaluating
productivity change over time and across regions. Moreover, Malmquist productivity index can be decomposed
into pure efficiency change (Catch-up) and technological change (Frontier-shift). The catch-up reflects the extent
to which a DMU improves or decline its efficiency, while the frontier-shift indicates the variation of the efficient
frontiers over time. This decomposition provides meaningful insights for identifying the potential source of
Malmgquist TFP variation over time.

One output and five inputs were used to estimate the Malmquist index in this study. The output is aggregated
agriculture production measured by annual agriculture, forestry, and fishing, value added (constant 2010 USD).
Five inputs included in this research are agricultural land (ha), labor (economically active population in
agriculture), livestock (number of cattle equivalents unit followed by Hayami and Ruttan (1985)), fertilizer (actual
nutrient sums of nitrogen, phosphorus, and potash) and area irrigated (the area under irrigation).

For the second stage analysis, Seemingly Unrelated Regression (SUR) was utilized to investigate how various
factors affect agricultural productivity by estimating the following equation (1).

InYi=a+pInXu+Us 1)

Both sides are taken natural logarithms. The 1995 base Malmquist indices (1995=100) are used as dependent
variables, namely Malmquist, efficiency change, and technological change. Subscript i and t represent country and
year respectively. X refers to independent variables, including DEPV¢ (lagged terms of dependent variables),
education expenditure, area irrigated (ratio of land under irrigation), factor input intensity (ratio of fertilizer use to
agricultural land), rural population ratio, population density (population per unit agricultural land), temperature
(annual average temperature), rainfall (annual average rainfall) and country dummies (the estimated coefficients
of country dummies were not shown in table 1). Ui refers to error term. The data used in the study is panel data
consisting of 30 African countries covering the period 1995-2015, selected on the basis of data availability.

3. Result

Figure 1 displays the variation of overall Malmquist TFP, efficiency change and technological change of 30
African countries. According to the simulation, the overall Malmquist productivity increased by 13% from 1995
to 2005. For the first 10 years, the growth of Malmquist index was mainly driven by the efficiency change. On the
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other hand, technological improvement played a dominant role in

almquist
promoting the overall productivity after 2005. The disparity is = =
s | fTiCiency

probably because of the foreign aid to Africa has increased hugely

Technology

since 2005 in terms of technology diffusion. In general, however, last

two decades witnessed a slow and insignificant augment of ™ ===ﬁ
productivity for most countries, although certain countries, such as §“’“’* =
Burkina Faso, Nigeria, Angola achieved relatively outstanding  *

60
40

performance. The agriculture Malmquist TFP for Burkina Faso, for

. . 0 .
instance, increased by 148% over 21 years. In comparison, 1995 2000 e 2010 By
Zimbabwe and Namibia met a recession in terms of productivity. Figure 1. Malmquist Index (CRS) , Efficiency and
. Technological change for 30 African Countries from 1995 to
For the second stage analysis, the lagged term of dependent 2015, (1995=100, Geometric mean)
variable is significant, and its magnitude indicates that agricultural ) ) , ,
Table 1. Regression Analysis of Malmquist TFP, Efficiency Change, Technology Change

productivity changed slowly over time and depend on past levels. SUR

. . . i fficiency T 8}
Moreover, the coefficient of education expenditure suggests that st osoteer  oggomes
increasing human capital is beneficial for Malmquist indices and ©0000) ©000) ©.000)

. . . . s o . education expenditure 0.072%** 0.075%** 0.008
efficiency change. It is likely that human capital’s positive impact on ©0002) ©.000) ©61)
agriculture TFP is through the channel of efficiency change, as imiese 017 0067 o187+

. . ege . . (0.004) (0.330) (0.001)
education enhances the efficiency of utilizing existing technology. ... otzrees oLiomes o0
With an additional 1% augment in education expenditure, the (0000) (©0.000) ©0.000)

. vy - . rural population ratio -0.470%* -0.540%* 0.103
Malmquist TFP will increase by 0.17% in the long term. Furthermore, 0008 00 058
the estimated results demonstrate that irrigation is significant in  popuistiontand o110 023 0.100

. . . (0.405) (0.221) (0.513)
promoting the Malmquist TFP and technological change. In contrast, . 0516 os1s 000
the estimated results for population density are not significant and ©0379) ©329) ©180

. . . . rainfall 0.104** 0.145%% 0.045
therefore do not identify the linkage between population pressure and 00 0038 041
agricultural intensification. The rural population ratio negatively 212 005t 0063 0166%

. . . . . . . . (0.003) (0.161) (0.000)
enters into the regression which indicates that urbanization is along .. ss s 1760
with enhanced agricultural productivity since the inverse of the rural 0419 G o313

. . . . . Number of Obs 600 600 600
population share is the urban population ratio. In addition, the - 081 o
precipitations are likely to encourage the Malmquist TFP while the — Pres-Paemes

UL (p-valuc) 0.000 0.000 0.000
effect of temperature is insignificant. RMSE 0368 04559 038

4. Conclusion.

This research evaluates Malmquist TFP for agriculture in 30 African countries for the period from 1995 to 2015
as well as attempts to identify how different factors influence the productivity. The average annual growth rate of
Malmquist productivity is 0.8%. Good human capital, reliably high rainfall and an expansive irrigation system
play an important role in promoting the agricultural productivity. However, the estimated result for fertilizer use
intensity is still worth discussing.
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A Non-parametric DEA Approach for Improving Technical Efficiency of Rice Production
in Vietnamese Mekong Delta

Le Canh Bich Tho, Chieko Umetsu (Graduate School of Agriculture, Kyoto University)

1. Introduction

The Mekong Delta (MKD) is well known as a key area for food and foodstuff production, which plays a
particularly important role in ensuring national food security and export of Vietnam. Every year, Mekong region
contributes more than 50% of rice production and 90% of total national rice export. By the end of 2016, the total
cultivated area of Mekong Delta reached 171.7 thousand hectares, productivity was estimated at 5.62 tons/ha, and rice
volume reached 23.8 million tons (GSO, 2016). The closed dyke system in MKD allowing for intensive rice cultivation
has caused soil degradation (especially the lack of alluvium) and this lead to the excessive usage of chemical fertilizers
by farmers in MKD. Fertilizers and pesticides expenses are the primary reason for the extremely high cost of rice
production. In the crop year 2014, farmers in MKD spent about 255 USD for fertilizers and 245 USD for pesticides
per hectare, which accounted for approximately 50% of total costs in rice production (1,097 USD) and was much
higher than those figures in Thailand with 243 USD and 102 USD in total of 1366 USD, respectively (CASRAD?,
2014; FAO 2014). This study aims to estimate technical efficiency (TE) of rice production in Mekong Delta region
using both radial and non-radial Data Envelopment
Analysis (DEA) approach to find out technical
efficiency of rice fields. Beside the radial approach
with famous Banker, Charnes, and Cooper (BCC) 250000
and Charnes, Cooper, and Rhodes (CCR) models, 10000
Slack Based Measure (SBM) which is a non-radial
approach (Tone, 2001) is firstly introduced to
calculate the overall and mix efficiency of rice  '0o0°
farms in MKD. 50000

1,000 tons tonha
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2. Methodology and Data Analysis
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Data envelopment analysis is a nonparametric, == Production

Yield

linear programming (LP) approach for measuring Figure 1. Rice yield and production of Mekong Delta from 1996 to 2016
relative efficiency among a set of decision-making Source: General Statistics Office of Vietnam

units (rice households in this study). This tool originated from Farrell (1957), but the term “Data Envelopment Analysis”
became more popular following the work of Charnes et al. (1978).

Table 1. A summary of input-oriented DEA models

CCR-I BCC-I SE-I SBM-I ME-I
* *
Min, ; &, Min,, 8, 9 1 - P
: CCR PR Zi _ in
subject to -y + ¥A= 0. subject to -y, + ¥120, SE= * = I’Illlill n Z X, MIX = *
subj Vi AA =0 Bx,- X0z 0, 9 T i=1 70 CCR
f?‘I,.-XAEU, NIZ=1, BCC
4z0, 120,

Following the assumption that farmers in MKD have been trying to reduce inputs of rice production, an input-
orientated model is more appropriate than an output-oriented model for this study. There are two types of DEA: radial
and non-radial. With the radial one, CCR and BCC models are very well-known in DEA literature, while Slack based

1 Assessment of the Status, Technology and Demand for Technology Innovation of Rice Production and Post-harvest in Vietnam, 2016. Center
for Agrarian Systems Research and Development.



Measure-SBM (Tone, 2001) is a non-radial method and it deals directly with inputs excesses and output shortfalls of
each rice field. SBM measure is decomposed into scale efficiency, mix efficiency and BCC efficiency (Table 1). The
study uses 518 household data from Vietnam Households Living Standard Survey (VHLSS) dataset in 2016. One
output and five inputs model were used to calculate the input-oriented efficiency scores. The output is the total rice
yield (tons/ha) in a crop year. The five inputs consist seeds expenditure, pesticides cost, hired labor cost, total quantity
of chemical fertilizers, and the working hours of all family members.

3. Results

The mean TEcrs (CCR) is 0.68 and ranges from 0.11 to 1, whereas the mean TEvrs (BCC) is 0.79 and ranges
from 0.17 to 1. BCC score indicated that 197 households were fully efficient with the score of 1, and the remaining
321 households were inefficient with TE score less than 0.79. According to the results of CCR model, only 51
households had the global technical efficiency of 1, and the remaining of 467 households is considered technical
inefficient. The mean SE score among paddy farms was 0.86 with a range of 0.24-1, which implies that most of
households operate closely at the optimal field size. This result is lower compared to SE scores around 0.96 of MKD
rice households from the study of Huy (2009). Farmers in MKD could improve their rice yield by about 13.53% if
they could have been reached an optimal scale of operating. The efficiency of rice households based on SBM-I score
is the lowest among all types of efficiency with only 55.43%. There is also a significantly excessive usage of fertilizers
and pesticides in MKD’s rice cultivation. In details, farmers in MKD should cut down 62% of pesticides cost, 32% of
seeds cost, 26% the amount of fertilizers that they are using to reach higher efficiency. Similarly, the expenses of hired
labor and working hours of family labor should also be dropped by more than 50% and replaced by other automatic
machine in rice production. These eradications of excessive 1o
inputs usage could only be implemented when more and r‘;;\
more households in MKD participate in organic and other v - -
smart agriculture farming systems recommended by
Vietnamese Government. Furthermore, overall SBM-score
can be decomposed into pure technical (BCC-I), scale
efficiency (SE-I) and mix (ME-I) efficiency scores. Themix
efficiency score reflects the way that households combine
their inputs to produce potential rice output. The average ° .« e
ME score is 0.79 which means that that the combination ) . . .

. . R Figure 2. Mean efficiency scores based on land size of rice
level of five inputs was almost 80% for producing the broduction in MKD
current rice output level.
4, Conclusion

DEA results show that about 65% of farms operating at IRTS reflects the needs of farmers to expand production
operation scale in coming years in order to achieve higher technical efficiency. Rice fields larger than 3 ha have the
highest scale efficiency and would be considered as the optimal scale for rice production in MKD. The main reason
for inefficiency of rice production are the scale inefficiency and the excessive usage of inputs. Finally, land
accumulation from small holders into larger fields, or scientifically called “Large Field Model”, should be encouraged
more widely by Vietnamese Government in rural Mekong Delta to help farmers increase rice yield, experience smart
agriculture, reduce the inputs cost and operate their production at the efficiency frontier.
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