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m Increased frequency, and intensity of extreme weather events, and expected to
increase in the near term: Physical risk.

m Particularly harmful for developing countries.

m Quantitatively assessing physical risk is important as temperature continues to
increase.

m Anticipating the cost of physical risk important to implement adaptation policies.
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Motivations (2/3)

In practice: hard to bridge weather and agricultural data:

B Temporal delay: growing process of crops naturally creates a time lag between
weather shock realization and its economic accounting at harvesting time.

B Temporal aggregation of weather data: annual weather data underestimate
physical risk as extreme positive and negative weather events average out
throughout the year (Colacito, Hoffmann, and Phan (2019)).

B Heterogenous effects across seasons, crops, and space: effects of the weather

different during growing season (vs. harvesting), or per type of crops (eg., maize
vs. rice).
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Motivations (3/3)

m The literature that measures the economic implications of wheather shocks is
typically subject to these caveats (Dell, Jones, and Olken (2012)).

m Usual quantitative assessments rely on annual data (Jagnani et al. 2020;

DAgostino and Schlenker 2016; Burke and Emerick 2016; Deschénes and
Greenstone 2007).

m This leads to underestimated risks (Cui et al. (2024)): possibly large implications
for misanticipating future food shortages.
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Our Approach (1/2)
m Methodological contribution: making our quantitative exploration more robust to
those caveats.
m How? Four main ingredients:

M High frequency data: maps infra-annual variations in production with weather
(caveat #1) & distinguish harvesting vs growing seasons (caveats #2 and #3).

B Local projections: capture propagation of weather along the crop growing process
(caveat #1) & flexible for heterogenous effects (caveat #3).

Bl Data at regional & crop level: disaggregation captures heterogenous effects
(caveat #3).

B No temporal aggregation of weather data: only monthly extremes considered
(caveat #2).
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The Dynamic Effects of Weather Shocks on Agricultural Production
1. Introduction

Our Approach (2/2)

m Objective: Measure quantitatively the dynamic effects of abnormal weather
realizations on agricultural production in a developing country.

m How?

Peruvian data per crop, region and month.

Compute impulse response function of agricultural products to a weather shock.
Contrast for time and season.

A micro to macro analysis.

C. Crofils, E. Gallic, G. Vermandel 7/ 32
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The Dynamic Effects of Weather Shocks on Agricultural Production
1. Introduction

Key Findings

H An adverse weather shock always leads to a negative downturn in agricultural
production:

up to 15% monthly decline in agricultural production (persistent)

B Crop growth timing matters: shocks occurring during the growing season have a
greater impact than during the harvest season.

Bl At the aggregate level: a representative weather shock results in

a 0.5% decline in agricultural GDP
a 1.5% decline in exports
a modest reduction in inflation.
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m 37% of total production
m 53% of cultivated surface.

m Monthly statistical reports (E/ Agro
En Cifras, MINAGRI).

m 25 administrative regions.
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Agricultural Data

m Rice, Maize, Potatoes, Cassava
m 37% of total production
m 53% of cultivated surface.

Monthly statistical reports (El Agro
En Cifras, MINAGRI).

25 administrative regions.

2001-01 to 2015-12 (180 months).

Percentage deviation from monthly
average (details).
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m Six macroeconomic series:

National GDP

National CPI

Food Consumer Price Index
Sol/US Exchange rate
National interest rate
Exports.

m Banco Central de Reserva del Peru.
m National level.

m Monthly data.
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m Daily surface temperature
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m Daily rainfall
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(worldwide)
= 2000 — 2015.

C. Crofils, E. Gallic, G. Vermandel

\i\
LY
.gk ]
(it &
P {
T3
ARES
1}
V|
J} 4
“V\vk'., i
3
X
¢ et
Pl TR
Za=N ¢
| ] }_-k ‘
&

Figure 2: Example of a grid over Peru

12 /32



Weather Data (2/4)

Step 1: Weather at the Monthly Grid Level
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Weather Data (2/4)

Step 1: Weather at the Monthly Grid Level

For grid cell £ and for a specific month m in year y, we compute:

1 Ndm B Ndm
Lym — Lym,d c,y,m : : c,y,m,d
Ndm =i d=1

where N, is the number of days in month
m.
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Step 2: Define Weather Shock

For W, , m (temperatures and precipitations):
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Weather Data (3/4)

Step 2: Define Weather Shock

For W ym ( and ):

A. Climate Normals

For each month m: average monthly values over the 30-year period from 1986 to 2015:
Y0 _ Yy

‘)/L)ez.am _ Yr— y0+1 ZyTyO Z:yam

B. Deviations from Normals

We compute the deviations from the monthly climate normals:

Wom,y =

MU
Lym W lom*
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Weather Data (4/4)

Step 3: Regional Aggregation

From the monthly grid-level weather data, we compute monthly regional aggregates at
date t (year y and month m) using a weighted mean:

area, ,cropland |/
Zcejei We " We W c,t

area, ,cropland
Zceﬂi We " We

Wi =

bl
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Weather Data (4/4)

Step 3: Regional Aggregation

From the monthly grid-level weather data, we compute monthly regional aggregates at
date t (year y and month m) using a weighted mean:

area, ,cropland |/
Zcefki We " We W c,t

W,, =
1t area, ,cropland
Zceﬂi wc We

bl

w?®?: proportion of the cell to the total surface area of the region

c o

werePland: proportion that the cell represents in the agricultural production of the region.
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Wrap-up So Far:

Objective: measure the effects of weather shocks on agricultural production.
B Agricultural production (4 crops):

m at the regional scale
= on a monthly basis, from 2001-01 to 2015-12 (180 months).

B Macroeconomic data national level, same period (control variables).

B Weather data: temperature anomalies and precipitation anomalies (deviation from
historical monthly average), same period, aggregated at the regional scale.
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Local Projections
How sensitive agricultural output is to exogenous changes in the weather?

Model of Local Projections (Jorda 2005), in a panel dimension (Acevedo et al. 2020)
(region x time), estimated independently for each crop:

— T m P
Yeitrh = Oin  TPenTlis+ BenPiy
[ — ——
Production Reg. fixed effect (1)
+0cin Xy FEcitsn
——
Controls

We are interested in the estimated coefficients associated with temperature and
precipitation shocks for various time horizons h = {0, 1, ..., T..} with 7. the IRF time

length (or the crop’s natural time of growth from planting to harvesting ~6 to 8
months).
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Local Projections

_ T P
Yeitro = %o T Beolsr + BeoPit +0c,i0X: +Eciti0
i =0, .1+ 8L T, ,+BE.P,.+6...X, +e€,.
yc,z, +1 = “e,i,1 Me,1 T e, “e, 1t g, c,i,1 c,t,t+1

_ 2T AP
Yeitrr = Qeiot Beoly i+ 0.0P; + 000X, + €04 140

_ T o P
Yeiprt = Qi+ Be L+ BeaPis +0ciuXe t€cirvnr

m We are interested in the coefficients:

r r

T oT AT AT 2P P QP 2P
{'3c,07 ’;c,'lv '3c,2v ’;c,H} and {';c,m Be,1s Be,2s -+ ‘;c,H}
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Figure 3: Agricultural production response to a weather shock




Seasonal Effect (1/3)

m The literature typically contrast the effects of weather shocks to growing versus
harvesting season.
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Seasonal Effect (1/3)

m The literature typically contrast the effects of weather shocks to growing versus

m Crops may be more sensitive to the weather at the beginning of their growing

process.
How do time-dependency of weather shocks shape propagation patterns?
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Seasonal Effect (2/3)

Similarly to Auerbach and Gorodnichenko (2011), we accomodate the LP framework
for time-dependency.

Yeyitrh :(I)< ) [Oéifi,h + ;((NhTT +Beh P+ 50 ih ]

+<1_(I)( ))[Clh—i_)(Hh]‘lll—'_)thPP +5cth]

5(1

+ <C:c,i,tJrh

m Two states: Growing season and Harvesting season
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Seasonal Effect (2/3)

Similarly to Auerbach and Gorodnichenko (2011), we accomodate the LP framework

for time-dependency.

yc,i,f+h :(I)< >[ czh+ )r(NhTT + 5( h P1f+6czh ]

H , P

+<1_(I)( ))[czh—i_)thlli/—i_ th +5cth}

+ <C:c,i,tJrh

m Two states: Growing season and Harvesting season

m Transition function: CDF of the standard normal distribution.
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Seasonal Effect (2/3)

Similarly to Auerbach and Gorodnichenko (2011), we accomodate the LP framework
for time-dependency.

G, T G,I
yc,i,erfL:(I)( >[czh+ rhT +5(h P1f+6czh ]
H, T yH, P
+<1_(I)( ))[C’Lh+ ‘e, ll/—'_ th +5cth]
+€c,i,t+h
m Two states: Growing season and Harvesting season

m Transition function: CDF of the standard normal distribution.
m When high —> surface is planted —> ® ( ) close to one —> informative

¢.T Nel
of 5.7} Tn and 77} P,,-,’t.
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Do weather shocks also matter at an aggregate level?
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Aggregate Fluctuations (1/3)

Do weather shocks also matter at an aggregate level?

We measure the macroeconomic effects of the weather through the weather-implied
losses measured by our baseline local projections.

We compute national weather-adjusted agricultural production:

o = 1 Z ZZ Lognit, , , , % ( enTign+ f,hpi,tfh> X We t @)
! ZC Wet o G5 card(Ic’t) ’

where w, , = EZ Yeti X P is a quantity weight for crop ¢ at time ¢, with p, the
average selling price of crop c.
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Aggregate Fluctuations (2/3)

The agricultural production is then expressed as the deviation (loss) from the expected
trend: the ‘weather component of agricultural losses’

WCAL, = —100 x (y¥ — ). (3)
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Aggregate Fluctuations (2/3)

The agricultural production is then expressed as the deviation (loss) from the expected
trend: the ‘weather component of agricultural losses’

WCAL, = —100 x (y¥ — ). (3)

A Structural vector auto-regressive (SVAR) model with Choleski decomposition is a
straightforward way to quantitatively assess dynamic interactions across time series:

P
Y, = ¢+ Z Y, i +ey (4)

=1

with Y, = [WCAL,, RER,, nf, m,, X,, v, r1» 4.
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Aggregate Fluctuations (3/3)
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Figure 5: VAR(2) system response to one standard deviation orthogonal shock to the weather
aggregate cost equation
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Wrap-up

: analyze the propagation mechanism of a weather shock on agricultural
production at a monthly frequency, for various crops, in heterogeneous geographical
and seasonal patterns.

H Adverse weather shock: leads to a negative downturn in agricultural prod.:
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The Dynamic Effects of Weather Shocks on Agricultural Production
4. Conclusion

Wrap-up

: analyze the propagation mechanism of a weather shock on agricultural
production at a monthly frequency, for various crops, in heterogeneous geographical
and seasonal patterns.

H Adverse weather shock: leads to a negative downturn in agricultural prod.:
up to 15% monthly decline in agricultural production (persistent)

B Crop growth timing matters: shocks occurring during the growing season have a
greater impact than during the harvest season.

Bl At the aggregate level: a representative weather shock results in
0.5% decline in ag. GDP; 1.5% decline in exports; modest reduction in inflation.
Comments are welcome: ewen.gallic@univ-amu.fr
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Agricultural Data (2/4)

Table 1: Monthly production (in tons) per type of crop

#
Culture Mean  Median Std Dev. Min. Max. Regions # Obs.
Cassava 6,004 3,878 7,792 0] 16,080 15 2,631
Maize 7,170 4,336 8,490 0 2,705 13 2,271
Potato 17,252 5,801 30,155 6 360,070 12 2,091
Rice 13,128 4,441 16,213 3.9 8,863 7 1,212
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Agricultural Data (3/4)
m We do not use yields: for some months, the surface is zero
m Instead: percentage deviation from monthly average, in four steps

B Demeaned data:

raw

demeaned _ ___ Yeimt (5)
yc,i,m,t - T raw
nr thl yc,i,m

B Estimate production with OLS, with a quadratic trend for crop ¢, in region 4, in
month m, by OLS:

demeaned __ 2
yc,i,m - ﬁc,i,mt + ’Yc,i,mt + <C:c,i,m (6)

B Define detrended value:

yc,i,m = y(ci,cz?rfaned - (Bc,i,mt + :YC,i,mt2> (7)
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Conceptual framework (1/3)

m The agricultural sector is modeled using a Cobb-Douglas production function
m The production model captures the relationship between agricultural output, labor
demand, and harvested area.

For crop c in region 7 at time ¢:

labour demand
—

Yc,i,t = Ac,i Nc,i t Hc,i t (8)
— NG
TFP harvested area
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m Production affected by weather shocks during the growing season
m Delayed effects of weather shocks on yields are captured using a crop-specific
growing season duration (7).

T,

Hc,i,t < Lc,i,t exXp Z BenWit—n ©)
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m H
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Conceptual framework (2/3)

Production affected by weather shocks during the growing season
Delayed effects of weather shocks on yields are captured using a crop-specific
growing season duration (7).

T,

Hc,i,t < Lc,i,t exXp Z BenWit—n ©)
h=0

H, ; ;: Harvested area for crop c in region i at time t

L, ;. Planted land surface for crop c in region i at time t
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m Production affected by weather shocks during the growing season
m Delayed effects of weather shocks on yields are captured using a crop-specific
growing season duration (7).
TC
Hc,i,t < Lc,i,t exXp Z Be,nWit—h ©)
h=0
m H_,,: Harvested area for crop c in region i at time t
m L., Planted land surface for crop c in region i at time t
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Conceptual framework (2/3)

Production affected by weather shocks during the growing season
Delayed effects of weather shocks on yields are captured using a crop-specific
growing season duration (7).

T,

Hc,i,t < Lc,i,t exXp Z Be,nWit—h ©)
h=0

H, ; ;: Harvested area for crop c in region i at time t

L, ;. Planted land surface for crop c in region i at time t

B. 1 Elasticity of weather shock on crop production at time h

=

W, s+ Weather shocks realized in region i at time t-h
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Conceptual framework (3/3)

m In log: percentage deviation of agricultural production.
m The log-linearized equation includes the effects of crop-specific total factor
productivity, weather shock, and labor demand.

T,

c

Yei 7
In <L7t> = <A0,i> + Z Wig-n+1n <Nc’i’t)

¢,i,t h=0

m In(Y,,+/L.;,): Percentage deviation of agricultural production from its
potential value
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m In log: percentage deviation of agricultural production.
m The log-linearized equation includes the effects of crop-specific total factor
productivity, weather shock, and labor demand.

T,

c

Yc i 4

¢,i,t h=0

m In(Y,,+/L.;,): Percentage deviation of agricultural production from its
potential value
m [n(A,;): Log of crop-regional total factor productivity
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Conceptual framework (3/3)

In log: percentage deviation of agricultural production.
The log-linearized equation includes the effects of crop-specific total factor
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productivity, weather shock, and labor demand.
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m In(Y,,+/L.;,): Percentage deviation of agricultural production from its
potential value
m [n(A,;): Log of crop-regional total factor productivity
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Weather-Driven Agricultural Loss (1/4)

m We do not use yields: for some months, the surface is zero
m Instead: percentage deviation from monthly average, in five steps

B Estimating Weather Shock Contributions:
T P
Ueitn =BenTiin + BenBii—n (11)
B Calculating Quantity Weights: production in monetary terms

Wep = D YA X Doy (12)
7

Yoy o raw agricultural production in tons

D.: average selling price of crop ¢

C. Crofils, E. Gallic, G. Vermandel 42 / 32



Weather-Driven Agricultural Loss (3/3)

B Weather-Adjusted Agricultural Production:
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Weather-Driven Agricultural Loss (3/3)

B Weather-Adjusted Agricultural Production:

cithxw

Z Z S|gn|f itoh x T @ (13)
Yer = card(I ‘) ’

B Aggregating Crop-Specific Production:

w
gy = e ber (14)

Zc wc,t

w,¢: the quantity weights computed in step 2
B Expressing Weather-Adjusted Production as a Deviation from Trend:
WCAL, = —100 x (y¢¥ — y%). (15)
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VAR Data
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Figure 10: Series used in the Vector Auto-regressive Model
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