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Beyond connectivity to climate resilience: A panel analysis of digital infrastructure’s
moderating effect on climate shocks in African agriculture (2005-2023)
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ABSTRACT

Climate change poses a structural threat to agricultural productivity across Africa, while adaptation strategies centered on
physical infrastructure face increasing limitations under rising climate volatility. In this context, access to timely and actionable
information has become a critical component of climate adaptation. This study conceptualizes digital infrastructure not merely
as a productive input, but as a structural condition that shapes how climate conditions and shocks are transmitted into
agricultural productivity outcomes. Using a panel dataset covering 48 African countries from 2005 to 2023, this study
estimates two-way fixed effects models with Driscoll-Kraay standard errors. The analysis distinguishes between continuous
climate conditions and drought-related disaster events to examine whether digital infrastructure moderates different types of
climate risks. The results reveal a dual moderating role of internet-based digital infrastructure. Under favorable climatic
conditions, high internet penetration amplifies the positive marginal effects of climate on agricultural productivity. During
drought episodes, digital infrastructure attenuates productivity losses by weakening the negative transmission of climate shocks.
Johnson-Neyman analysis indicates that drought effects are statistically significant only at very low levels of internet
penetration and become statistically indistinguishable from zero beyond a threshold of approximately 6.3 percent. Furthermore,
comparing internet and mobile penetration reveals that this moderating effect is driven by information processing capacity
rather than basic connectivity. These findings highlight the importance of digital information ecosystems as a structural

component of climate adaptation policy, complementing physical investments to enhance the responsiveness and resilience of
agricultural systems.

Key words : Climate Change Adaptation, Digital Transformation, Agricultural Resilience, Climate Information Systems,
Drought Shock, Africa
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Table 1. Descriptive statistics of key variables
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Statistic Observation Mean St. Dev. Min Max
Cereal Yield (kg/ha) 847 1,550.67 1,122.95 217.60 7,536.90
SPEI (Standardized Index) 847 -0.32 0.61 -2.17 2.10
Internet Usage (% of population) 834 18.57 19.69 0.22 91.00
Mobile Subscriptions
(per 100 people) 834 66.48 39.34 0.52 179.03
Drought Event (dummy) 847 0.13 0.34 0 1
Fertilizer Consumption (kg/ha) 847 30.74 78.80 0.00 600.08
GDP per capita (USD) 847 1,741.56 1,614.65 253.45 7,269.05
Rural Population (%) 847 57.32 17.76 8.97 90.62
Governance Index (WGI) 847 -0.70 0.51 -2.41 0.71
Secondary Education (%) 847 38.53 21.57 6.10 95.60

Notes: SPEI denotes the Standardized Precipitation Evapotranspiration Index. Secondary Education denotes the lower secondary education

completion rate. Descriptive statistics are computed using the baseline estimation sample reported in Table 2.
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Table 2. Moderating effect of Internet usage on the climate—productivity relationship

Dependent variable: Cereal Yield (kg/ha)
Baseline Controls (1) Main Effects (2) Interaction Term (3)
92.141%** 89.497#**
SPEI
(15.428) (18.020)
5.581%** 6.970%**
Internet Usage (t-1)
(1.005) (1.030)
2.089***
SPEI x Internet (t-1)
(0.513)
. . 4.841%** 4.220%** 4.061%**
Fertilizer Consumption
(1.270) (1.284) (1.323)
. 525.088%** 515.415%** 511.786%**
Log GDP per Capita
(104.403) (102.312) (102.388)
. -15.935%** -13.771%* -11.432%*
Rural Population
(5.757) (5.689) (5.540)
-50.086 -66.958 -77.685
Governance Index
(50.975) (59.754) (58.992)
. -7.787%** -7.980%* -8.391%**
Secondary Education
(2.995) (3.193) 3.111)
Observations 847 847 847
R? 0.075 0.121 0.129

Notes: SPEI denotes the Standardized Precipitation Evapotranspiration Index. Driscoll-Kraay standard errors are reported in parentheses. All
specifications include country and year fixed effects. Internet usage is lagged by one year (t-1) and mean-centered to facilitate interpretation
and reduce non-essential collinearity in interaction terms.

**¥p < 0.01, **p < 0.05, *p < 0.1.

300

200

100

Marginal Effect of Climate (SPEI)

AN 0000 0O OO ORI A0 P o [l
0 25 50 75
Internet Usage (t-1, %)
Notes: SPEI denotes the Standardized Precipitation Evapotranspiration Index. The solid line shows estimated marginal effects.

Shaded areas represent 95% confidence intervals. The rug along the x-axis indicates the distribution of internet usage.

Fig. 1. Marginal effects of climate (SPEI) by Internet usage
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Table 3. Moderating effect of internet usage on drought shocks

Dependent variable: Cereal Yield (kg/ha)

Drought Shock Model (4)

91.348***
SPEI
(15.558)
-22.070
Drought Event
(36.866)
5.395%%*
Internet Usage (t-1)
(0.982)
3.617*
Drought x Internet (t-1)
(2.159)
. . 4.127%**
Fertilizer Consumption
(1.237)
Log GDP Capit 5026777
0 er Capita
¢ P P (98.254)
. -14.261%*
Rural Population
(5.674)
-46.728
Governance Index
(58.652)
. -7.587%*
Secondary Education
(3.126)
Observations 847
R? 0.128

Notes: SPEI denotes the Standardized Precipitation Evapotranspiration

Index. Driscoll-Kraay standard errors are reported in parentheses. All

specifications include country and year fixed effects. Internet usage is lagged by one year (t—1) and mean-centered to facilitate interpretation

and reduce non-essential collinearity in interaction terms.
*rkp < 0.01, **p < 0.05, *p < 0.1.
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Fig. 2. Conditional effects of drought events across
levels of Internet usage
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Table 4. Robustness checks: Lag structure and technology type
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Dependent variable: Cereal Yield (kg/ha)

Internet (t-1) (5) Internet (t-2) (6) Mobile (t-1) (7) Mobile (t-2) (8)
SPEL 89.497%** 91.017%** 70.456%%%* 76.569%**
(18.020) (20.323) (14.289) (15.589)
6.970%**
Internet Usage (t-1)
(1.030)
7.384%%*
Internet Usage (t-2)
(1.144)
. L 0.619
Mobile Subscriptions (t-1)
(0.851)
. L 1.955%*
Mobile Subscriptions (t-2)
(0.778)
2.089%**
SPEI x Internet (t-1)
(0.513)
2.508%**
SPEI x Internet (t-2)
(0.652)
. 0.080
SPEI x Mobile (t-1)
(0.404)
. 0.161
SPEI x Mobile (t-2)
(0.438)
- . 4.061%** 3.519%** 4.958%** 4.433%**
Fertilizer Consumption
(1.323) (1.353) (1.163) (1.127)
. 511.786%** 459.324%** 462.132%** 348.181%**
Log GDP per Capita
(102.388) (90.895) (86.056) (90.329)
. -11.432%* -16.413%** -13.919** -15.671%**
Rural Population
(5.540) (5.170) (5.993) (5.684)
-77.685 -44.182 -71.716 -36.499
Governance Index
(58.992) (62.184) (64.545) (70.719)
. -8.391*** -7.932%** -5.964* -4.935*
Secondary Education
(3.111) (2.916) (3.325) (2.921)
Observations 847 793 870 822
R’ 0.129 0.126 0.090 0.082

Notes: SPEI denotes the Standardized Precipitation Evapotranspiration Index. Driscoll-Kraay standard errors are reported in parentheses. All

specifications include country and year fixed effects. Internet usage and mobile subscriptions are lagged by one or two years (t-1, t=2), as

indicated, and mean-centered to facilitate interpretation and reduce non-essential collinearity in interaction terms.
*rkp < 0.01, **p < 0.05, *p < 0.1.
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