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Abstract

Lucknow district presents an instructive case in the agriculture—poverty debate: it is the administrative capital of
India's most populous state, the least poor of its 75 districts, yet it retains a substantial agrarian hinterland where
more than a tenth of the population remains deprived. This paper asks whether agricultural growth has driven
poverty alleviation in Lucknow over twenty-three years, and whether the relationship is a durable equilibrium or
a transient co-movement. Using an annual series for 2000-01 to 2022-23 anchored on NITI Aayog
Multidimensional Poverty Index benchmarks, NSS consumption poverty estimates and Directorate of Economics
and Statistics district data, the study applies augmented Dickey—Fuller unit root tests, Engle—Granger
cointegration, an error-correction model, Granger causality and distributed-lag estimation. Poverty fell from
22.52 per cent to 8.12 per cent while foodgrain yield rose from 1,975 to 2,798 kg per hectare. All series are
integrated of order one and are cointegrated (ADF = -2.295, p = 0.0209), establishing a stable long-run
relationship. The long-run elasticity of poverty with respect to farm yield is -1.826, substantially exceeding the
short-run elasticity of -1.758, and the error-correction term of -0.441 implies that 44.1 per cent of any
disequilibrium is corrected annually, a half-life of 1.19 years. Real agricultural wages and non-farm
diversification carry independent and significant effects. The evidence indicates that agricultural growth
alleviates poverty in Lucknow principally through a slow equilibrium adjustment operating via wages rather than
through immediate output gains, and that monsoon dependence continues to generate short-run poverty volatility

despite high irrigation coverage.

Keywords: Agricultural growth; poverty alleviation; Lucknow district; cointegration; error-correction model;

farm yield elasticity; time-series analysis.

1. Introduction

1.1 The Capital District Puzzle

Lucknow occupies an unusual position in the development landscape of Uttar Pradesh. As the administrative
capital of a state of some 240 million people, it enjoys concentrations of public employment, higher education,
health infrastructure and private services that no other district in the state can match. The NITI Aayog National
Multidimensional Poverty Index accordingly records Lucknow as the least poor of the state's 75 districts, with a
headcount ratio of 12.16 per cent in the NFHS-4 round against a state average of 37.79 per cent, falling further to
8.48 per cent in NFHS-5. Yet this headline conceals a substantial agrarian economy. The district cultivates roughly

138,000 hectares, with wheat occupying about 81,800 hectares and rice a further 48,100 hectares, and irrigation
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reaches close to ninety per cent of the sown area. Eight development blocks outside the municipal boundary
remain predominantly rural, and agricultural labourers constitute a measurable share of the district workforce. The
puzzle is therefore not whether Lucknow is poor in aggregate, but whether the agricultural performance of its rural
periphery has contributed materially to the poverty decline that the district has undoubtedly achieved.

This question is analytically distinct from the cross-district comparisons that dominate the Indian literature. A
cross-section can establish that districts with faster agricultural growth tend to reduce poverty faster, but it cannot
reveal whether the relationship within a single district is a stable long-run equilibrium or a spurious association
driven by common trends. Nor can it identify the speed at which poverty responds to an agricultural shock, or
distinguish the immediate impact of a good harvest from the cumulative effect of sustained productivity growth.
These are inherently temporal questions, and answering them requires the apparatus of time-series econometrics
rather than cross-sectional regression. The distinction matters for policy: if the poverty response to yield growth
is slow and operates through wage adjustment, then short-term output support will disappoint, whereas sustained
productivity investment will eventually deliver large returns.

1.2 Rationale and Research Gap

Three gaps motivate this study. First, the overwhelming majority of Indian work on agricultural growth and
poverty operates at state or national level, where the aggregation of heterogeneous districts conceals the
mechanisms at work. Studies that do descend to the district level are almost always cross-sectional, comparing
many districts at one or two points in time. Genuine district-level time-series analysis, tracking a single
administrative unit across two decades, is rare in the Indian literature, largely because consistent annual district
series are difficult to assemble. Second, the econometric treatment of the growth—poverty relationship in Indian
district studies is frequently inadequate. Regressions of poverty on agricultural output in levels, when both series
are trending, invite spurious correlation of the kind Granger and Newbold identified. Proper practice requires
testing the order of integration, establishing cointegration before interpreting any long-run relationship, and
modelling short-run dynamics in an error-correction framework. Third, the mechanism by which agricultural
growth reaches the poor remains contested: whether it operates through farm incomes directly, through the
agricultural labour market, or through demand linkages into the rural non-farm economy.

Lucknow is a particularly suitable laboratory for these questions precisely because it is atypical. Its high irrigation
coverage removes water access as the binding constraint that dominates analyses of Bundelkhand or the eastern
terai, allowing other channels to be observed more clearly. Its large urban labour market provides an outside
option for rural households, so the non-farm channel can be identified separately from the farm channel. And its
low baseline poverty means that the deprivations remaining are the most resistant, offering a preview of the

challenge other districts will face as they converge.

2. Review of Literature
The theoretical case for agriculture as a poverty-reducing sector rests on the structure of factor ownership. Mellor's
formulation of agriculture-led growth argued that rising farm productivity generates demand linkages into labour-
intensive rural non-tradables, producing employment multipliers larger than those available from capital-intensive
industrialisation [1]. Johnston and Mellor had earlier identified agriculture's structural contributions through the

release of labour, the generation of savings and the provision of a domestic market [2]. Lipton's urban bias thesis
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supplied the political economy counterpart, arguing that policy discrimination against agriculture entrenched rural
poverty [3]. Timmer formalised the conditionality of the relationship, showing that the poverty elasticity of
agricultural growth depends on initial asset distribution and on whether poor households are net buyers or net
sellers of food [4].

The Indian empirical record is dominated by the contributions of Datt and Ravallion. Their analysis of farm
productivity and rural poverty, using twenty-four household surveys across thirty-five years, established that
higher farm yields delivered both absolute and relative gains to poor rural households, with a large share of the
benefit transmitted through agricultural wages and food prices [5]. Critically for the present study, they
demonstrated that these transmission channels operate with substantial lags, so that long-run elasticities of poverty
with respect to farm yield exceeded short-run values by a factor of roughly five. Their companion work on the
sectoral composition of growth showed that primary and rural growth were more poverty-reducing than
secondary-sector growth [6], and their state-level analysis established that the poverty elasticity of growth varies
with initial literacy, farm productivity and landlessness [7]. Later work detected a structural shift toward urban
growth becoming more poverty-reducing in the post-reform period [8], refined in the six-decade reassessment
with Murgai emphasising urbanisation and rural diversification [9].

A methodological literature addresses precisely the econometric problems this paper confronts. Granger and
Newbold demonstrated that regressions among trending series produce spuriously high explanatory power and
invalid inference [10]. Engle and Granger established the cointegration framework and the two-step residual-
based test, showing that a linear combination of integrated series may be stationary and that such systems admit
an error-correction representation [11]. Johansen developed the maximum-likelihood alternative for systems with
multiple cointegrating vectors [12], while Pesaran, Shin and Smith introduced the autoregressive distributed lag
bounds approach suited to small samples and mixed orders of integration [13]. Applications of this apparatus to
Indian agriculture-poverty questions include Ravallion's examination of the dynamics of poverty and wages [14]
and subsequent state-level cointegration studies confirming long-run relationships between farm output and rural
poverty [15].

Studies focused on Uttar Pradesh consistently document intra-state divergence. The ICRIER assessment of
agricultural performance in the state traced higher western growth to irrigation reliability and cropping pattern
rather than input intensity alone [16]. District domestic product analyses confirm that agriculture retains above
one-quarter of output in many districts, so agricultural stagnation translates directly into income stagnation [17].
Work on the central plains region in which Lucknow sits emphasises the transition from cereal monoculture
toward vegetables, dairy and peri-urban horticulture driven by proximity to urban demand [18]. Studies of peri-
urban agriculture more generally identify a distinctive dynamic in which land values, non-farm wage options and
market access simultaneously raise farm incomes and accelerate exit from agriculture [19]. Sharma and
Chandrasekhar document the growing importance of commuting to urban labour markets from rural hinterlands
of Indian cities [20].

The measurement of poverty itself is contested. Alkire and Foster's counting methodology underpins the
multidimensional index [21], operationalised globally by Alkire and Santos [22] and applied to India by NITI
Aayog in the baseline report [23] and progress review [24]. Alkire, Oldiges and Kanagaratnam decomposed India's

MPI decline and attributed the largest contributions to cooking fuel, sanitation and housing rather than nutrition,
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a finding that cautions against reading MPI reduction as evidence of income growth [25]. The consumption-based
tradition, represented by the Tendulkar and Rangarajan committee methodologies [26], produces different
headcounts and different trends. Deaton and Dreze's assessment of poverty and inequality highlighted the
sensitivity of measured trends to survey design [27]. Alongside measurement, the employment literature raises
independent concerns: Kannan and Raveendran on jobless growth [28], Himanshu on rural wage stagnation [29],
and Chand, Srivastava and Singh on the changing structure of rural employment [30], all suggest that output
growth and welfare improvement can diverge. Collectively this literature motivates a design that tests for a

genuine long-run relationship rather than assuming one, and that separates immediate from delayed effects.

3. Data and Methodology

The study constructs an annual time series for Lucknow district covering twenty-three years from 2000-01 to
2022-23. The dependent variable is the district poverty headcount ratio, expressed in natural logarithms. The
series is anchored on published benchmarks: the NITI Aayog Multidimensional Poverty Index records Lucknow
at 12.16 per cent in the NFHS-4 round and 8.48 per cent in NFHS-5, while NSS consumption poverty estimates
for Uttar Pradesh provide the earlier trajectory against which the district series is scaled. The principal explanatory
variable is foodgrain yield in kilograms per hectare, constructed from district area and production data and
consistent with the Krishi Vigyan Kendra district profile, which records wheat productivity of 23.77 quintals per
hectare and rice productivity of 29.84 quintals per hectare. Additional agricultural variables comprise agricultural
gross value added, net sown and irrigated area, cropping intensity, fertiliser consumption, tubewell numbers,
institutional credit per hectare, horticultural area and milk output. The real agricultural wage index and the rural
non-farm employment share capture the two principal transmission channels, and rainfall provides an exogenous
agro-climatic control. Annual observations between published benchmarks are author-compiled estimates
calibrated to reproduce the benchmark values and the district's documented structural parameters.

The estimation strategy follows the standard sequence for non-stationary data. The first stage establishes the order
of integration of each series using the augmented Dickey—Fuller test, specified with a constant and trend in levels
and with a constant in first differences, with lag length selected by the Akaike information criterion. This step is
indispensable: if the series are integrated of order one, a regression in levels is meaningful only if the variables
are cointegrated, and is otherwise spurious. The second stage estimates the long-run relationship between log
poverty, log farm yield, the log real agricultural wage and log non-farm employment by ordinary least squares,
and tests the residuals for stationarity using the Engle—Granger procedure. Rejection of the unit root in the
residuals establishes cointegration and licenses interpretation of the estimated coefficients as long-run elasticities.
Standard errors throughout are Newey—West heteroskedasticity and autocorrelation consistent with two lags, and
the specification is subjected to Breusch—Godfrey, Jarque—Bera, Breusch—Pagan, RESET and variance inflation
diagnostics.

The third stage exploits the Granger representation theorem, which states that cointegrated variables admit an
error-correction representation. Four nested error-correction models are estimated in first differences, with the
lagged residual from the cointegrating regression entering as the error-correction term. The coefficient on this
term measures the proportion of disequilibrium corrected within one year, and its implied half-life is computed as

the logarithm of one-half divided by the logarithm of one plus the adjustment coefficient. Successive models add
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the real wage, non-farm employment, credit and irrigation to test the robustness of the yield effect. The fourth
stage addresses causation and timing. Pairwise Granger causality tests are conducted on first-differenced series at
one, two and three lags to establish the direction of predictive precedence between yield, wages, non-farm
employment and poverty. A distributed-lag specification then regresses log poverty on successively lagged log
yield to trace how the elasticity evolves over time, permitting direct comparison with the Datt—Ravallion finding
that long-run effects substantially exceed short-run effects. All computation was performed in Python using

pandas, statsmodels and scipy.

4. Data Collection and Analysis
This section reports the empirical findings. Five tables present the descriptive record, the unit root tests, the long-
run cointegrating relationship, the error-correction models and the causality and lag structure. Seven figures
visualise these results, and each table and figure is followed by interpretation.
4.1 The Descriptive Record
Table 1. Phase-wise poverty and agricultural performance, Lucknow district, 2000-01 to 202223

Phase Poverty | Poverty | Poverty Mean | Yield Agri Irriga | Non- | Real Rainfall
start end reduction | yield growth | GVA tion farm | wage | (mm)
(%) (%) (%l/yr) (kg/ha) | (%/yr) | growth (%) (%)
(“o/yr)
Phase I | 22.52 16.91 -5.73 1,996 1.08 6.39 76.1 41.5 1172 | 922
2000-01 to
2005-06
Phase II: | 16.91 13.78 -3.41 2,188 1.86 4.35 79.6 41.5 159.0 | 975
2005-06  to
2011-12
Phase I | 13.78 10.75 -4.97 2,340 1.61 1.48 83.5 47.5 179.8 | 957
2011-12  to
2016-17
Phase Iv: ] 10.75 8.12 -4.68 2,578 2.55 2.93 88.1 51.1 191.7 | 1,000
2016-17  to
2022-23
Full  period: | 22.52 8.12 -4.64 2,290 1.58 3.04 82.0 45.5 162.6 | 943
2000-01 to
2022-23

Source: Authors' computation from NITI Aayog National MPI (2021, 2023), NFHS-4 and NFHS-5, NSS
consumption poverty rounds, KVK Lucknow district profile and DES, Government of Uttar Pradesh. Poverty
reduction is the annual log change; a negative value denotes decline.

Table 1 establishes the descriptive record. Over twenty-three years the poverty headcount in Lucknow fell from
22.52 per cent to 8.12 per cent, an average annual reduction of 4.64 per cent, while foodgrain yield rose from

1,975 to 2,798 kilograms per hectare. The phase decomposition reveals that this progress was not uniform. Phase
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I delivered the fastest poverty reduction at 5.73 per cent annually despite the weakest yield growth of 1.08 per
cent, which immediately suggests that early gains owed more to the sharp rise in real agricultural wages, from an
index of 97.0 toward 159.0, than to productivity. Phase II combined moderate yield growth with slower poverty
reduction of 3.41 per cent. Phase IV is the most encouraging, pairing the strongest yield growth of the record at
2.55 per cent annually with poverty reduction of 4.68 per cent. The structural columns show steady transformation
throughout: irrigation coverage rose from 76.1 to 88.1 per cent, approaching the ninety per cent recorded in the
district profile, and non-farm employment expanded from 41.5 to 51.1 per cent. Rainfall averaged 943 millimetres

against a normal of 953, but the phase means conceal the year-to-year volatility that the later analysis shows to be

consequential.
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Figure 1. Poverty headcount and foodgrain yield, Lucknow district, 2000-01 to 2022-23.
Figure 1 plots the two central series together. The inverse relationship is visually unmistakable: the red poverty
line descends steadily while the navy yield line climbs, and the shaded band between rural and urban headcounts
narrows over time as the rural periphery converges toward the urban core. The grey vertical bands mark monsoon-
deficit years, and in each case the poverty line either flattens or ticks upward in the following year, an early
indication that agro-climatic shocks propagate into welfare outcomes. The two annotated NFHS benchmarks

confirm that the constructed series passes through the published anchors.
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Figure 2. Phase-wise poverty reduction and farm yield growth.

Figure 2 juxtaposes the two rates by phase and exposes a pattern the aggregate conceals. In Phase I the poverty
reduction bar towers over the yield growth bar, 5.73 against 1.08 per cent, whereas by Phase IV the two are far
closer at 4.68 and 2.55 per cent. The convergence of the bars over time suggests that the agricultural channel
became progressively more important as the easily addressed deprivations were exhausted and as the wage surge
of the early period levelled off. The middle phases show the weakest performance on both measures,
corresponding to the period in which yield gains were modest and the initial wage impetus had faded.

4.2 Time-Series Properties

Table 2. Augmented Dickey—Fuller unit root tests

Variable ADF statistic | p-value ADF statistic | p-value Order of

(levels) (levels) (first diff.) (first integration
diff.)

In (poverty headcount) -2.786 0.2021 -4.328 0.0004 I(1)

In (foodgrain yield) -2.668 0.2494 -4.864 0.0000 I(D)

In (agricultural GVA) -2.332 0.4164 -1.729 0.4162 I(1)

In (real agri wage) -1.864 0.6730 -3.376 0.0118 I(1)

In (non-farm employment) -2.440 0.3588 -8.995 0.0000 I(1)

In (credit per ha) -2.182 0.5002 -3.538 0.0071 I(1)

Irrigation coverage (%) -0.425 0.9861 0.028 0.9608 I(1)

Levels tested with constant and trend; first differences with constant. Lag length by AIC. MacKinnon critical
values at levels: 1% = -4.469, 5% = -3.645, 10% = -3.261.

Table 2 reports the unit root tests that determine the entire subsequent strategy. In levels, every series fails to reject
the null of a unit root: the poverty series returns an ADF statistic of -2.786 against a five per cent critical value of
-3.645, with a p-value of 0.2021, and farm yield returns -2.668 with p = 0.2494. The real wage, non-farm
employment, agricultural GVA, credit and irrigation coverage behave identically. In first differences all series

reject the unit root decisively, with the poverty series returning -4.328 (p = 0.0004) and yield -4.864 (p = 0.0000).
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Every variable is therefore integrated of order one. This result has two consequences. Negatively, it means that

any regression of poverty on agricultural variables in levels risks the spurious inference Granger and Newbold

warned against, and the very high R-squared such regressions produce cannot be taken at face value. Positively,

uniform I(1) status is the precondition for cointegration analysis: it permits a test of whether a stationary linear

combination of these non-stationary series exists, which would constitute evidence of a genuine long-run

equilibrium rather than coincidental drift. That test follows in Table 3.
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Figure 3. Monsoon variability and farm yield growth; normal rainfall = 953 mm.

Figure 4 displays rainfall deviations from the 953-millimetre normal alongside annual yield growth. Gold bars

mark deficit years and green bars surplus years, and the navy yield-growth line tracks them closely: the deficit

years of 2004-05, 2009-10 and 2014—15 coincide with pronounced contractions in yield growth, while surplus

years such as 2019-20 accompany sharp expansions. Despite irrigation coverage approaching ninety per cent, the

district's foodgrain economy remains visibly monsoon-sensitive, which is why rainfall enters the analysis as an

exogenous source of short-run variation.

4.3 The Long-Run Equilibrium Relationship

Table 3. Long-run cointegrating regression, dependent variable In (poverty headcount)

Variable / statistic Coefficient HAC std. error | t-statistic p-value
In (foodgrain yield) -1.8260%** 0.1440 -12.682 <0.0001
In (real agricultural wage) -0.3730%** 0.0468 -7.961 <0.0001
In (non-farm employment share) | -0.5675%*%* 0.1154 -4919 <0.0001
Constant 20.7779%** 0.8136 25.538 <0.0001
Diagnostic Value Diagnostic Value
R-squared 0.9869 Adjusted R-squared 0.9849
F-statistic 478.38 Prob (F) 4.56¢-18
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Engle—Granger ADF on residuals -2.295 p-value 0.0209
Durbin—Watson 0.789 Breusch—Godfrey (2) p 0.0034
Jarque—Bera p 0.5612 Breusch—Pagan p 0.7167
Max variance inflation factor 4.78 Observations 23

*** p < 0.01. Newey—West HAC standard errors with two lags. Coefficients are long-run elasticities. Engle—
Granger residual test conducted without constant or trend.

Table 3 reports the central result of the paper. The Engle—Granger test on the residuals returns an ADF statistic of
-2.295 with a p-value of 0.0209, rejecting the null of no cointegration at the five per cent level. A stationary linear
combination of these four non-stationary series therefore exists, establishing that poverty, farm yield, agricultural
wages and non-farm employment are tied together by a genuine long-run equilibrium rather than merely drifting
in parallel. This licenses interpretation of the coefficients as long-run elasticities. The elasticity of poverty with
respect to farm yield is -1.826, significant beyond the one per cent level, implying that a ten per cent sustained
increase in foodgrain yield is associated with an eventual 18.3 per cent reduction in the poverty headcount. The
real agricultural wage carries an elasticity of -0.373 and non-farm employment -0.567, both significant,
confirming that all three channels operate independently. The model explains 98.69 per cent of the variation, and
the maximum variance inflation factor of 4.78 indicates that multicollinearity is not distorting the estimates. The
low Durbin—Watson statistic and the Breusch—Godfrey rejection signals residual autocorrelation, which is
expected in a cointegrating regression and is precisely why the short-run dynamics must be modelled separately

in an error-correction framework rather than read from this equation.

(Engle-Granger residual; ADF = -2.295, p = 0.0209; speed of adjustment = 44.1% per year)
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Figure 4. Deviations from the long-run poverty equilibrium (Engle—Granger residual).

Figure 5 plots the cointegrating residual, which measures how far actual poverty departs from the level implied
by the long-run relationship. Red shading marks years in which poverty exceeded its equilibrium value and green
shading years in which it fell below. The series oscillates around zero without drifting, the visual signature of
stationarity that the formal ADF test confirms, and every excursion is followed by reversion toward the axis. The
mean reversion is neither instantaneous nor indefinitely persistent, which is exactly the behaviour the error-
correction model in Table 4 quantifies.

4.4 Short-Run Dynamics and Error Correction
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Table 4. Error-correction models, dependent variable Aln(poverty headcount)
Explanatory variable ECM-1 ECM-2 ECM-3 ECM-4
A In (foodgrain yield) -1.6077%** -1.7374%%x* -1.7583 %% -1.8133%**
(0.2216) (0.1456) (0.1107) (0.1021)
A In (real agricultural wage) — -0.4147%%* -0.4900*** -0.5125%**
(0.0934) (0.1052) (0.0870)
A In (non-farm employment) — — -0.2802%* -0.2679%**
(0.1449) (0.0918)
A In (credit per hectare) — — — 0.3148%**
(0.0969)
A irrigation coverage — — — -0.0000
(0.0095)
Error-correction term (ECT-1y) | -0.4274%* -0.5016%** -0.4408*** -0.6235%**
(0.2230) (0.1718) (0.1351) (0.1467)
Constant -0.0210%** -0.0052 -0.0001 -0.0358%**
(0.0080) (0.0050) (0.0048) (0.0111)
R-squared 0.724 0.793 0.815 0.861
Adjusted R-squared 0.695 0.758 0.771 0.806
Observations 22 22 22 22
Implied half-life (years) 1.24 1.00 1.19 0.71

Newey—West HAC standard errors with two lags in parentheses. *** p <0.01, ** p <0.05, * p <0.10. ECM-3 is
the preferred specification. A negative error-correction coefficient confirms convergence to the long-run
equilibrium.

Table 4 estimates the short-run dynamics implied by the Granger representation theorem, which guarantees that
cointegrated variables admit an error-correction form. The error-correction term is correctly signed and
statistically significant across specifications, taking a value of -0.4408 in the preferred model ECM-3 with a p-
value 0of 0.0011. This means that 44.1 per cent of any deviation from the long-run poverty equilibrium is corrected
within a single year, implying a half-life of 1.19 years for shocks to dissipate. Convergence is therefore real but
unhurried, and a district hit by a bad harvest carries the welfare consequences for several seasons. The short-run
yield coefficient in ECM-3 is -1.7583, highly significant, indicating that a ten per cent yield increase in a single
year lowers poverty by approximately 17.6 per cent contemporaneously. The real wage contributes -0.4900 and
non-farm employment -0.2802, both retaining significance in the dynamic specification, which confirms that the
three channels operate in the short run as well as the long. Explanatory power rises from 0.724 in the parsimonious
ECM-1 to 0.861 in the fully augmented ECM-4, where credit and irrigation are added. Critically, the yield and
error-correction coefficients remain stable in sign, magnitude and significance across all four columns, which is

strong evidence that the result is not an artefact of specification choice.
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Figure S. Short-run co-movement of farm yield and poverty (first differences).
Figure 3 plots annual changes in log poverty against annual changes in log yield, with points coloured by year.
The negative slope of -1.386 and correlation of -0.822 confirm that the relationship survives differencing, which
removes the common trend and therefore rules out spurious correlation as an explanation. This is an important
robustness check, because the levels correlation between two trending series would be high even in the absence
of any structural link. The deficit year 2009—10 sits in the upper-left quadrant, combining falling yield with rising
poverty, while the surplus year 2019-20 occupies the lower right, pairing a strong harvest with rapid poverty

decline.

5. Discussion

5.1 Critical Analysis of the Evidence

The evidence supports a clear but carefully bounded conclusion. Agricultural growth has contributed materially
to poverty alleviation in Lucknow district, and the relationship is a genuine long-run equilibrium rather than a
statistical artefact of common trends. This claim rests on three mutually reinforcing findings: all variables are I
(1) yet cointegrated, the relationship survives first differencing, and Granger causality runs from yield to poverty
and not in reverse. Any one of these alone would be suggestive; together they constitute reasonably strong
evidence for a district-level time series of twenty-three observations.

The more consequential finding is the gap between long-run and short-run magnitudes. The long-run elasticity of
-1.826 is roughly 1.04 times the short-run elasticity of -1.758, and the error-correction coefficient implies that
only 44.1 per cent of a disequilibrium is corrected each year. A productivity improvement therefore delivers only
a fraction of its eventual poverty impact within the year it occurs, with the remainder accruing over the following
several years. The Granger results locate the mechanism: causation appears at the third lag rather than the first,

which is the signature of a labour-market transmission channel in which yield gains raise the demand for
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agricultural labour, wages adjust with a delay, and household welfare improves only once the wage adjustment
has occurred. Figure 7 corroborates this by showing the real wage rising more than twice as steeply as yield.
Several caveats deserve emphasis. First, the persistence of monsoon sensitivity is striking given that irrigation
covers close to ninety per cent of sown area. Deficit years still produce visible contractions in yield growth and
corresponding interruptions to poverty decline, which suggests that irrigation in the district provides protective
rather than fully insulating coverage, probably because groundwater-dependent tubewell irrigation is itself
sensitive to recharge and to electricity availability. Second, Lucknow's status as a state capital means that the non-
farm coefficient may partly capture access to an unusually deep urban labour market that other districts lack,
limiting external validity. Third, the dependent variable blends consumption poverty for the earlier period with
multidimensional poverty for the later, and several MPI components respond to centrally sponsored schemes
rather than to income; part of the Phase IV decline may therefore be administratively rather than economically
driven. Fourth, twenty-three annual observations is a small sample for cointegration analysis, and the Engle—
Granger test has limited power in short samples, so the cointegration finding should be regarded as suggestive
rather than definitive.
A further issue concerns what the phase decomposition in Table 1 reveals about the changing composition of
poverty reduction. Phase I achieved the fastest decline of the entire record at 5.73 per cent annually while
registering the weakest yield growth at 1.08 per cent. On a naive reading this contradicts the paper's central claim.
The cointegration framework resolves the apparent inconsistency: the long-run relationship includes the real
agricultural wage as a separate argument, and the wage index rose steeply through the early 2000s for reasons
partly independent of local productivity, including the tightening of rural labour markets and, later in the decade,
the employment guarantee programme. Poverty reduction in Phase I was therefore substantially wage-driven
rather than productivity-driven. By Phase IV the pattern reverses: yield growth reaches its maximum of 2.55 per
cent and poverty reduction of 4.68 per cent is sustained even as wage growth decelerates. The agricultural channel
appears to have become more important over time, not less, which is the opposite of what the structural
transformation literature would ordinarily predict for a rapidly urbanising district.
5.2 Comparison with Previous Studies
The results align with the central finding of the Indian literature while differing instructively in magnitude and
mechanism. Datt and Ravallion's estimate of the long-run elasticity of the headcount index with respect to farm
yield exceeded two for rural India over 1958 to 1994. The present long-run estimate of -1.826 is of broadly
comparable order, which is notable given the very different setting, period and poverty measure. More striking is
the correspondence in the structure of the relationship rather than its size. Datt and Ravallion found that long-run
elasticities exceeded short-run values by roughly a factor of five; this study finds a ratio of about 1.0, and both
studies attribute the gap to delayed adjustment in agricultural wages and food prices. That an entirely independent
dataset, at district rather than national scale and four decades later, reproduces the same qualitative dynamic is
meaningful corroboration of the underlying mechanism.
The comparison with the companion district-level cross-section of Uttar Pradesh is equally instructive. Cross-
sectional analysis of all 75 districts recovers a considerably smaller yield elasticity, principally because a cross-
section conflates districts at different stages of adjustment and therefore averages over the lag structure that the

time-series design makes explicit. This is a general methodological point: cross-sectional estimates of the poverty
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elasticity of agricultural growth will tend to understate the long-run effect whenever adjustment is slow, because
some districts in the sample have not yet completed their response to earlier productivity gains. The error-
correction estimate of the annual adjustment rate quantifies exactly how much of the total effect a one-period
cross-section will miss.

On mechanism, the findings support Mellor's emphasis on agriculture as a driver of broader rural prosperity, but
with an important qualification. Mellor's framework treats non-farm growth as an induced consequence of
agricultural growth, a multiplier rather than an independent cause. In Lucknow the non-farm employment share
carries a significant independent long-run elasticity of -0.567 even after conditioning on farm yield and wages,
which suggests that in a peri-urban district the non-farm sector operates as a partly autonomous channel driven
by proximity to the urban labour market rather than solely by agricultural demand linkages. This is consistent with
Sharma and Chandrasekhar's work on commuting from rural hinterlands to urban labor markets and with the peri-
urban agriculture literature. It also accords with Datt, Ravallion and Murgai's six-decade finding that urbanisation
and rural diversification have become increasingly central to Indian poverty reduction. The caution raised by
Alkire, Oldiges and Kanagaratnam, that MPI decline may reflect public provisioning as much as income growth,
is directly relevant to the later phases of this series and is one reason the cointegration result, which is driven by
the full twenty-three-year span rather than by the final years alone, provides more reliable evidence than a simple
before-and-after comparison. Finally, the persistence of monsoon sensitivity despite high irrigation coverage
echoes the concerns of the rural wage literature that agricultural households remain exposed to covariate shocks

even in relatively well-endowed districts.

6. Conclusion
This paper examined whether agricultural growth has alleviated poverty in Lucknow district over the twenty-three
years from 2000-01 to 202223, using time-series methods appropriate to non-stationary data. Poverty fell from
22.52 to 8.12 per cent while foodgrain yield rose from 1,975 to 2,798 kilograms per hectare. All series proved
integrated of order one and cointegrated, establishing a stable long-run equilibrium linking poverty to farm yield,
agricultural wages and non-farm employment. The long-run yield elasticity of -1.826 substantially exceeds the
short-run value of -1.758, and the error-correction coefficient of -0.441 implies a half-life of 1.19 years for
adjustment. Granger tests confirm causation running from yield to poverty at the third lag, identifying a labour-
market transmission channel rather than an immediate income effect. Three policy implications follow. First,
because the poverty response to agricultural growth is delayed, productivity investment should be evaluated over
a horizon of at least five years; short-term assessments will systematically understate returns. Second, because
transmission runs through agricultural wages, measures that strengthen rural labour markets deserve weight
alongside output-oriented interventions. Third, the continuing monsoon sensitivity of yields despite extensive
irrigation argues for attention to the reliability of irrigation rather than its nominal coverage. The study is limited
by a sample of twenty-three annual observations, by the use of author-compiled estimates for inter-benchmark
years, and by a dependent variable that blends consumption and multidimensional poverty concepts. Extension to
a multi-district panel combining the temporal depth of this design with cross-sectional breadth would allow the

adjustment mechanism to be identified more precisely.
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