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Methodology for AIC (Akaike Information Criteria)
Calculation

* The AIC estimates the comparative value of arithmetical prototypes for a particular dataset.

* The Akaike’s procedures in essence are information-theoretic as they rely on the K-L information
(Akaike, 1973, 1983b, 1992 & 1994).

* Having a set of candidate simulations, AIC is then computed for each simulation and the one with a
minimal AIC score is regarded as the finest prototype for given empirical data.

. I\/I90d§l selection based on AIC is comparable to definite cross-validation procedures (Stone, 1974 &
1977).

* The AIC value for each model is calculated by
AIC = n*In(RSS/n)+2*K

where, ‘n’ is the total quantity of observation (sample size), K is the degree of freedom or number of
parameters, and RSS is the residual sum of squares.

* Then using refinement technique for corrected estimate for small data samples (Hurvich & Tsai, 1989;
Burnham & Anderson, 2002) the AlC-corrected, AlCc, is calculated as;

AICc = AIC+(2*K(K+1))/ n-K-1
* And finally the shortest distance to the ‘truth’ Ai for each model is calculated by
Ai = AICi — minAlCc

. %(i)glt)he strength of evidence whose minimum value gives the best model (Burnham & Anderson,

* The crops-climate association or correlation is assessed by linear and multiple regression models
using the statistical package for social scientists, SPSS (IBM SPSS Statistics 21, 2012). 3



District-wise Wheat production across Pakistan

* Bulk of wheat production (500-770 Legend
thousand tonnes) 1s done in Rahimyar B - -
Khan, Bhawalpur, Bhawalnagar, Vehari, o .E_gi..-ﬁc;r;;ff;:ﬂ";«;;
Muzaffargarh, Jhang, Faisalabad, Okara B s B i_ﬁ :
and Sahiwal districts. B e

Production in "000" Tonnes/Year

» Rest of districts’ production fall in the
range of 1-500 thousand tonnes/year.

* Extreme northeast of the country where
no wheat crop is grown.
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(Data source: PBS)




District-wise Rice production in Pakistan

* Rice production is maximum (over 500 Legend

thousand tonnes per year) in Larkana ||| o

: . |:| D=4 e L
district —

.

Production in "000" Tonnes/Year

* Most of the rest districts in Punjab, KP and

Sindh have annual production =<500

thousand tonnes and %%
W‘ ,E
« Some districts in KP, Western Sindh and s
Balochistan produce 1000 tonnes/year. Klometers

(Data source: PBS) 5



District-wise Cotton production across Pakistan

* Maximum of =>500-985 thousands bales per Lagend
year 1s produced in Bhawalpur, Bhawalnagar, % ’
Multan, Khaniwal and Vehari districts. —

- 500-985

* Most districts in central & south Punjab,
Sindh and east/northeast Balochistan have a
growth of 1000-500,000 tonnes bales per year.

Production in "000" Bales /Year

(Data source: PBS)




District-wise Maize production across Pakistan

* Three districts in Centre-East and one in
Northwest produce maximum Maize crop
of 100,000-139,000 tonnes/year.

* Most districts Punjab, KP and Southeast
Sindh producing 100 thousand tonnes
annually.

(Data source: PBS)
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Wheat-climate best-fit regression models and their
rankinags based on AIC

Dependent(fM o d e I[M o d e | AIC AlCc Model
variable|Notation Description Rankin | Model M, (with Ai=0) comprising
(predictand) (predictors) g seasonal mean and seasonal

maximum temperatures, is the
Tl 831.3 828.5 1 best-fit model

* M, (Ai=0.1) with same regressors

Toax+t T + Ry 3 832.1 828.0 0.1 2
but with an addition of rainfall (of
Toint Thax * T+ 4 8329 8278 0.2 3 DJFM) is the 2nd best-fit model.
. R * Models with values Ai< 2 are
LRI : considered as good as the best
Toint Thaxt Ty + 4 833.4 829.2 0.7 4 model.
R, * Models with Ai= 6 ought not be
disregarded
Tt TRy 3 8329 8294 09 5 * Models with values Ai<10 can be
S S 3 833.2 8297 12 6 regarded adequate.

* So, all 7 models given here are
TRy 2 838.8 836.0 7.5 7 quite adequate models.




Rice-climate best-fit regression models and their ranking based
on AIC

Dependent/M o d e |I|[Model Description AlCc
variab]Il e|Notation (predictors)
(predictand)

Tt TmatR 3 400.1 401.0 1
T +T. . +T__+R 4 401.8 403.5 2.4 2
T+ T 4R 3 403.4 404.4 3.3 3
T . +R 2 404.4 404.8 3.8 4
T 4T 2 405.0 405.5 4.5 5
Rice yield T_+R 2 405.4 405.8 4.8 6
T 4T +T 3 405.6 406.5 5.5 7
T . 1 406.5 406.6 5.6 8
T, 1 406.5 406.7 5.6 8
T 1 406.7 406.9 5.8 9
T..+R 2 406.5 407.0 5.9 10
T 4T +R 3 406.0 406.9 5.9 10
T 4T 2 406.8 407.2 6.2 11
T 4T, 2 408.5 409.0 8.0 12



Maize-climate best-fit regression models and their rankings
based on AIC

Dependent|/M o d e |I|Model Description|df AIC AlCc
variab|l e|Notation (predictors)
(predictand)

Tt Trax 2 402.7 403.2 0 1
T . 1 403.8 404.0 0.8 2
T, 1 404.0 404.1 1.0 3
Maize yield T .. 1 404.2 404.4 1.2 4
T . 4T 2 404.3 404.7 15 5
T.. +R 2 404.6 405.1 1.9 6
T 4T 4T, 3 404.1 405.1 1.9 6
T +R 2 405.3 405.7 2.6 7
T T +R 3 405.1 406.1 2.9 8
T 4T . 2 405.8 406.3 3.1 9
T, +R 2 406.2 406.7 3.5 10
T +T.. +T._+R 4 405.1 406.7 3.6 11
T +T.. +R 3 406.5 407.4 4.2 12 10



Cotton-climate best-fit regression models and their rankings
based on AIC

Dependent(M o d e ||Model Description |df AlCc Model
variab]l e|Notation (predictors) Ranking
(predictand)

Trnin 1 540.6 540.7 1
T, 1 540.8 540.9 0.2 2
Cotton yield Tmax 1 540.8 540.9 0.2 2
Trnint Tm* Tmax 3 540.2 541.0 0.3 3
T_+R 2 542.3 542.7 2.0 4
TrintR 2 542.4 542.8 2.0 4
TrmatR 2 542.6 543.0 2.3 5
TrnintTmax 2 542.8 543.2 2.4 6
Tt Tax 2 542.8 543.2 2.5 7
Traxct TmintR 3 544.3 545.1 4.3 8
Tt TmaxtR 3 544.3 545.1 4.4 8
Tt TintR 3 544.4 545.2 4.4 9
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Seasonal (JAS, DJFM & AMJ) Rainfalls Trends
I I e e I

a. Monsoon (JAS) rainfall trend

(| Buniji 355 2.57 0.01%* Statistically significant increasing
| o [t | o | e
trend

n Chilas 448 3.2453 0.001** Do c. Spring (AMJ) rainfall trend
n Gupis - G e s 454 3.2888 0.001 Statistically significant increasing
Bhawalnagar 463 3.3541 0.0008** Do
n Skardu 421 3.0494 0.002** Do
Bahawalpur 276 1.9973 0.05* Do
*
n Islamabad 332 2.403 0.02 Do m 578 2.0109 0.04* o
n Risalpur 315 2.2795 0.02* Do 284 2.0545 0.04* Do
Peshawar 319 53087 0.02* - Lasbella 458 33207  0.0008** Do
n Mianwali 453 3.2813 0.001** Do
Chitral -335 2.4247 0.02* Statistically significant decreasing
H Dalbandin -249 2.0134 0.04* Statistically significant decreasing trend
trend m 380 2.7514 0.006%* Do
Garhi-dupatta -397 2.8784 0.004** Do :
Garhi- -407 2.9474 0.003** Do
Jiwani -255 2.0622 0.04* Do dupatta
b. Winter (DJFM) rainfall trend *# Significant at 99% confidence interval and * significant at 95% confidence interval

Dir 301 2.1779 0.03* Statistically significant increasing
trend
- Kalat 291 2.1057 0.04* Do
12
H Mianwali 287 2.1338 0.03* Do



Future climate scenarios
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Global warming and future drought

Temperature (°C)

Daily Surface Air Temperature, World (90°5-90°N, 0-360°E)

Dataset ECMWF Reanalysis v5 (ERAS) downloaded from C35 | Image Credit: ClimateReanalyzer org, Climate Change Institute, University of Maine

2023 highest annual temperature on record, by large margin  =sece 1850
Highest in 125,000 years
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UN/WMO estimate that

* At 1.5°C global
temperature increase, the
world can experience 2
months average length
of drought

At 2°C, 1t could be 4
months and

At 3°C, 1t could be 10
months average length
of drought.

C s‘ United Nations
._4___#,}’ e Change

2 months
average length
of drought

B
4'months

]

averagelength -
of drougﬁi‘u

10 months.

average length
‘of drought
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Climate Risks: 1.5°C vs 2°C Global Warming

Climate Risk

Extreme Weather

Water Availability

Arctic Sea Ice

People

Sea-level Rise

Oceans

Coral Bleaching

Costs

Food

100% increase in flood risk

350 million urban residents exposed to severe
drought by 2100

Ice-free summers in the Arctic at least once every
100 years

9% of the world’s population (700m people)will be
exposed to extreme heatwaves at least once every
20 years

46 million people impacted by sea-level rise of
48cm by 2100

Lower risks to marine biodiversity ecosystems and
their ecological functions & services

70% of the coral reefs are lost by 2100

2°C
170% increase in flood risk

410 million urban residents exposed to severe
drought by 2100

Ice-free summers in the Arctic at least once
every 10 years

28% of the world’s population (2 billion
people)will be exposed to extreme heatwaves
at least once every 20 years

49 million people impacted by sea-level rise
of 56cm by 2100

Higher risks to marine biodiversity ecosystems
and their ecological functions & services

Virtually all the coral reefs are lost by 2100

Lower economic growth at 2°C than at 1.5°C for many countries, particularly for low-income

countries

Every half degree warming will consistently lead to lower yields and lower nutritional content in

tropical regions



Climate change impacts
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Conclusion

* For Wheat yiled, the AIC-based regression modeling indicates that seasonal Tm + Tmax are the
best regressors, followed by the 6 other models with different seasonal climate indices.

* For Rice yield, the AIC-based regression modeling indicates that the seasonal T, +T,,,+R is the

max

best-fit model followed by 13 other models with different seasonal climate indices combinations.

* For Maize yield, the AIC-based regression modeling indicates that the seasonal Tm + Tmax are the
best-fit model regressors followed by 12 other models with different seasonal climate indices
combinations.

* For Cotton yield, the AIC-based regression modeling indicates that seasonal Tmin is found in the
best-fit model followed by 11 rest models with different seasonal climate indices combinations.

* Seasonal mean temperature (Tm) with significant (p=0.015) increasing trend may reduce the wheat
yield which can jeopardize the national food security and seasonal rainfall (R1) potentially erratic
may also affect the wheat as well as other crops yield production.

* At 1.5°C global temperature increase, the world can experience 2 months average length of
drought

At 2°C, it could be 4 months and
* At 3°C, it could be 10 months average length of drought.
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