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Revised: 2024.11.13 Introduction: Accurate climatic data are essential for crop modeling
Accepted: 2025.01.06 and yield prediction, particularly under climate change. In
developing countries, access to reliable data is constrained by the
low density of meteorological stations and limited historical records.
Gridded climate datasets can mitigate this limitation; however, as
they are not directly measured, uncertainty analysis is necessary.
Methods: This study evaluated uncertainty from gridded climate
datasets—including CPC Global, CRU TS, ERA-Interim, ERA5, and
MERRA-2—in simulating wheat and maize using the AquaCrop
model across diverse Iranian climates over 30 years (1989-2019).
AquaCrop, developed for water management and agricultural
productivity, requires inputs such as precipitation and temperature.
Bootstrap method quantified uncertainty in simulated biomass,
evapotranspiration, crop water requirement, and yield. P-factor and
d-factor indices were also calculated to assess dataset accuracy.
Findings: ERA5 consistently showed the lowest uncertainty in
AquaCrop simulations. For maize biomass at Ahvaz, p-factor and d-
factor were 23.33% and 0.5, respectively. Overall, ERA5 and ERA-
Interim exhibited minimal uncertainty across most climates,
whereas MERRA-2, with the highest uncertainty, performed worst.
Conclusion: Selecting appropriate high-resolution datasets and
applying rigorous uncertainty analyses can directly improve
AquaCrop prediction accuracy. ERA5 emerged as the most reliable
option. These practices enhance modeling precision and support
informed decision-making in agricultural and water resource
management.
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Uncertainty Estimation Due to the Use of Gridded Climate Datasets in Crop Modeling

Extended Abstract

Introduction

Accurate climate data are essential for
reliable crop modeling and predicting
agricultural yields, particularly in the
context of climate change. Climate data,
including temperature and precipitation, are
pivotal for models like AquaCrop, which are
widely used for water management and
agricultural  productivity  simulations.
However, climate databases often rely on
gridded datasets, which may introduce
uncertainties due to spatial and temporal
resolutions. This study focuses on evaluating
the wuncertainty associated with using
various gridded climate datasets in the
AquaCrop model for simulating the growth
of wheat and maize in Iran. The aim is to
identify how different climate databases
influence the accuracy of key variables such
as biomass, evapotranspiration, and water
requirements, thus offering insights into the
best dataset for improving simulation
reliability.

Materials and Methods

This study utilized the AquaCrop model, a
crop simulation tool developed by the Food
and Agriculture Organization (FAO) to
assess water productivity and crop
performance under varying climatic
conditions. The model requires climate
inputs such as daily precipitation, maximum
and minimum temperatures, and reference
evapotranspiration (ET0). Data from five
gridded climate databases—ERA5, ERA-
Interim, MERRA-2, CRU TS4.05, and CPC
Global—were employed. These datasets
vary in temporal and spatial resolution,
making it essential to evaluate their impact
on the model's output. The study area
included eight synoptic stations in Iran,
representing different climate zones ranging
from hyper-arid to humid regions. Thirty
years of climate data (1989-2019) were
collected from these databases.

The Bootstrap method, a non-parametric
statistical technique, was employed to
quantify the uncertainty of the AquaCrop
simulations.  This method involved
generating 1000 resamples of the model
outputs for variables such as biomass,

evapotranspiration, and water
requirements. Confidence intervals were
calculated using the bias-corrected and
accelerated (BCa) approach. To assess
model accuracy, two key metrics were used:
the p-factor, which represents the
percentage of observed data within the 95%
prediction uncertainty range, and the d-
factor, which measures the thickness of the
uncertainty bands relative to the standard
deviation of the observed data.

Results

The results of the uncertainty analysis
revealed significant differences between the
climate datasets in terms of their impact on
the AquaCrop model's predictions. The
ERAS5 dataset showed the lowest overall
uncertainty for both wheat and maize
simulations, with p-factors ranging from
20% to 40% and d-factors consistently
below 0.8 across all climate zones. ERA-
Interim performed similarly, albeit with
slightly  higher  uncertainty  levels,
particularly in the arid and semi-arid
regions. The CRU TS4.05 dataset
demonstrated moderate uncertainty, with p-
factors averaging around 30% and d-factors
close to 0.9, especially in more temperate
climates.

In contrast, the MERRA-2 dataset exhibited
the highest uncertainty across all variables
and climate zones. For example, the biomass
simulations for maize in the hyper-arid
region of Ahvaz showed p-factors as low as
10% and d-factors exceeding 1.0, indicating
a poor fit between observed and predicted
values. The CPC Global dataset, while
generally more reliable than MERRA-2, still
produced relatively wide uncertainty bands,
particularly for evapotranspiration and
water requirement estimates in more humid
regions.

For wheat, similar trends were observed.
ERAS5 consistently provided the most
accurate yield and water requirement
predictions, with p-factors exceeding 30% in
five out of the eight study regions. MERRA-2,
on the other hand, performed poorly,
particularly in the cooler and more humid
regions, where the d-factor frequently
exceeded 1.0.
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These findings highlight the importance of
selecting the most suitable climate dataset
for crop modeling, as the choice of dataset
can significantly affect the precision of the
simulations. The use of higher-resolution
datasets like ERA5, which incorporate
advanced reanalysis techniques, was shown
to reduce uncertainty and improve model
reliability.

Conclusion

This study underscores the critical role of
climate data selection in reducing
uncertainty in crop modeling using the
AquaCrop model. Among the gridded climate
databases analyzed, ERA5 consistently
demonstrated the lowest levels of
uncertainty across all variables and climate
zones, making it the most reliable dataset for
crop simulations in Iran. ERA-Interim also
performed well, though with slightly higher
uncertainty in arid regions. In contrast, the
MERRA-2 dataset showed the highest
uncertainty, particularly in biomass and
evapotranspiration simulations, and is
therefore not recommended for such
applications. These findings suggest that
employing high-resolution, high-accuracy
climate datasets can significantly improve
the accuracy of crop modeling and support
better decision-making in agricultural water
management. Future studies should focus on
further refining uncertainty analysis
techniques and exploring other datasets to
ensure even more precise crop simulations.
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0/78 26/67 15/917  15/224 0/59 10/00 29/155  28/926  ERA-INTERIM
0/86 33/33 16/273 15/507 0/73 23/33 29/278  28/996 ERAS
0/71 26/67 16/202  15/573 0/74 16/67 28/875  28/592 MERRA-2
0/61 30/00 17/086  16/455 0/50 23/33 29/748  29/540  CPC GLOBAL SipngS
0/50 20/00 16/743 16/225 0/60 23/33 29/850  29/602 CRU
0/62 23/33 16/765 16/128 0/49 13/33 29/864  29/662  ERA-INTERIM
0/42 3/33 15/735 15/306 1/09 23/33 29/317  28/863 ERAS
0/53 16/67 16/704  16/155 0/84 23/33 29/465  29/116 MERRA-2
0/71 23/33 16/571 15/802 0/64 23/33 30/062  29/876  CPC GLOBAL RC
0/57 20/00 15/920  15/297 0/74 23/33 30/114  29/899 CRU
0/67 20/00 16/500  15/770 1/06 40/00 30/050  29/741  ERA-INTERIM
0/67 13/33 16/100  15/370 0/78 30/00 30/003  29/774 ERAS
0/45 13/33 16/104  15/611 1/28 10/00 29/551  29/178 MERRA-2
0/76 16/67 19/234  17/939 0/71 20/00 30/265  30/089 CPC GLOBAL cudy
0/58 16/67 18/370  17/382 0/84 16/67 29/944  29/734 CRU
0/66 23/33 18/023 16/889 0/88 20/00 30/150  29/931  ERA-INTERIM
0/80 26/67 18/885 17/519 0/82 23/33 30/265  30/061 ERAS
0/70 16/67 19/632  18/437 0/80 16/67 29/929  29/730 MERRA-2
0/90 33/33 17/213 16/446 0/52 23/33 29/938  29/711 CPC GLOBAL 3o
0/63 23/33 16/603 16/062 0/61 33/33 30/039  29/772 CRU
0/67 6/67 16/317  15/740 0/59 13/33 29/874  29/614  ERA-INTERIM
0/80 33/33 16/634  15/953 0/52 10/00 29/814  29/587 ERAS
0/70 6/67 16/401 15/804 0/71 30/00 29/396  29/086 MERRA-2
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(a) Bootstrap Histogram for Wheat Biomass- Kouhrang- CPC GLOBAL
95% Confidence interval
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Lo yo 28 ity ol sl )5Sl 5 loodl S 4 |, ERAS
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@S S 9 &) SV gases (gl 0355 Cupalad pie Julos 5>
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Silwaed 3 CPC Global oL oS (pl b xyly bayusio ol
pAS 03giCumj (jwand > CRU TS o5l 5 <) 035
by bi)ls 1elSol ple 4 Cuns (6268 Cualad pie i joboas
OoyieS ERAS o501 &S aed oo i Bootstrap (g guls (IS
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Bootstrap (g, U Blideo (gWolSiwy! 10 Lol ouiS o yd 28y (5525 9 pwdud Comlad pue gl —Y Joua

paS Oy DKJL oK
d-factor p-factor ~ Upper Lower  d-factor p-factor %  Upper Lower
% bound bound bound bound

0/69 26/67 364 344 0/68 20/00 615 572 CPC GLOBAL jlgal
0/38 20/00 360 349 0/10 10/00 553 547 CRU
0/77 6/67 443 421 0/50 0/00 827 795  ERA-INTERIM
0/95 6/67 443 416 0/44 0/00 854 826 ERAS
0/87 0/00 598 572 0/67 0/00 1132 1089 MERRA-2
0/64 13/33 620 577 0/27 0/00 623 603 CPC GLOBAL 55095
0/41 23/33 710 682 0/21 0/00 597 581 CRU
0/46 16/67 665 634 0/16 0/00 670 659 ERA-INTERIM
0/46 30/00 695 664 0/20 0/00 668 653 ERAS
0/59 6/67 823 784 0/77 3/33 996 940 MERRA-2
0/55 16/67 344 332 0/73 23/33 456 435 CPC GLOBAL ol
0/61 20/00 346 332 0/24 0/00 551 543 CRU
0/78 0/00 464 447 0/58 23/33 472 455 ERA-INTERIM
0/41 16/67 351 342 0/49 16/67 497 482 ERAS
0/80 0/00 534 517 0/78 0/00 672 649 MERRA-2
1/36 0/00 618 572 0/42 6/67 619 590 CPC GLOBAL oleyS
1/11 16/67 794 756 0/69 26/67 743 695 CRU
0/86 10/00 697 667 0/63 3/33 794 751  ERA-INTERIM
0/88 20/00 714 684 0/73 30/00 707 657 ERAS
1/39 0/00 944 896 0/85 0/00 983 925 MERRA-2
1/21 50/00 697 627 0/72 3/33 595 571  CPC GLOBAL SipngS
0/55 0/00 804 772 0/58 0/00 624 605 CRU
0/39 10/00 577 554 0/25 0/00 639 631 ERA-INTERIM
0/66 0/00 833 795 0/42 3/33 579 565 ERAS
0/67 0/00 830 791 0/90 0/00 810 780 MERRA-2
0/90 50/00 625 581 0/96 26/67 629 601 CPC GLOBAL RyC
0/58 10/00 660 632 0/27 10/00 599 591 CRU
0/72 40/00 619 584 0/61 0/00 574 557 ERA-INTERIM
0/69 0/00 724 690 0/50 6/67 677 662 ERAS
0/68 0/00 948 914 0/76 0/00 753 731 MERRA-2
0/87 13/33 336 318 0/80 33/33 450 425  CPC GLOBAL cudy
0/62 10/00 331 319 0/24 0/00 535 528 CRU
0/80 0/00 430 413 0/46 6/67 491 476 ERA-INTERIM
0/79 0/00 365 348 0/60 16/67 471 453 ERAS5
0/78 0/00 446 430 0/53 0/00 593 576 MERRA-2
1/24 16/67 649 554 0/84 3/33 622 572  CPC GLOBAL 3o
0/45 16/67 697 663 0/16 0/00 615 606 CRU
0/50 16/67 746 707 0/17 16/67 673 663 ERA-INTERIM
0/55 23/33 728 686 0/20 6/67 691 679 ERAS5
0/70 0/00 948 895 0/70 0/00 973 932 MERRA-2
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(b) Bootstrap Histogram for Maize ETactual- Kouhrang- MERRA-2
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(a) Bootstrap Histogram for Wheat ETactual- Aligudarz- ERAS
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(b) Bootstrap Histogram for Wheat ETactual- Kerman- MERRA-2
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&1y Bootstrap ybs, 5l edlaiwl b cowtin (slaolKiw ;3 calises

ol 05
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Bootstrap _wig, b ilitee (sLoliu! ;3 Lol ouiS g ©)5 T 5L Cunhad sus gl -V Jouo

ro.\:f Sy aliil,i oli';mg.l
d-factor p-factor  Upper Lower  d-factor p-factor %  Upper Lower
% bound bound bound bound

0/52 13/33 166 138 0/70 26/67 415 368 CPC GLOBAL Slgal
0/58 36/67 122 91 0/18 3/33 361 349 CRU
1/05 33/33 192 136 0/55 0/00 635 598 ERA-INTERIM
1/18 40/00 194 131 0/47 0/00 653 622 ERAS
0/85 0/00 395 350 0/73 0/00 943 894 MERRA-2
0/56 36/67 356 314 0/23 0/00 438 421 CPC GLOBAL 5995l
0/51 33/33 356 318 0/26 0/00 373 353 CRU
0/47 30/00 367 332 0/15 3/33 483 471 ERA-INTERIM
0/48 6/67 419 383 0/20 3/33 490 474 ERAS
0/76 3/33 582 526 0/80 3/33 827 766 MERRA-2
0/77 33/33 91 62 0/67 36/67 187 150 CPC GLOBAL bl
0/38 0/00 175 161 0/14 0/00 375 368 CRU
0/89 6/67 146 114 0/49 10/00 208 181 ERA-INTERIM
0/67 23/33 78 53 0/48 6/67 229 201 ERAS
1/14 0/00 258 216 0/79 0/00 412 368 MERRA-2
0/89 3/33 443 399 0/39 6/67 443 416 CPC GLOBAL o)
0/70 10/00 586 552 0/68 26/67 569 522 CRU
0/68 0/00 496 462 0/65 6/67 616 571 ERA-INTERIM
0/57 23/33 530 502 0/72 26/67 533 483 ERAS
0/91 0/00 779 735 0/82 0/00 817 760 MERRA-2
0/83 10/00 437 384 0/75 0/00 416 391 CPC GLOBAL oS
0/77 6/67 436 387 0/78 13/33 391 365 CRU
0/56 13/33 297 261 0/26 0/00 459 451 ERA-INTERIM
0/40 0/00 472 446 0/48 3/33 381 365 ERAS
0/74 0/00 590 543 1/02 0/00 640 606 MERRA-2
0/68 20/00 346 302 0/78 23/33 416 389 CPC GLOBAL Ry
0/40 6/67 376 351 0/36 6/67 394 382 CRU
0/71 20/00 273 227 0/84 0/00 321 291 ERA-INTERIM
0/64 10/00 387 345 0/50 20/00 471 453 ERAS
0/61 0/00 622 583 1/19 6/67 526 485 MERRA-2
0/87 13/33 64 36 0/60 16/67 130 96 CPC GLOBAL Cudy
0/51 0/00 125 108 0/14 0/00 359 351 CRU
0/94 3/33 114 84 0/43 3/33 197 173 ERA-INTERIM
0/44 10/00 25 11 0/61 20/00 69 34 ERAS
1/25 3/33 129 89 0/86 0/00 282 234 MERRA-2
0/83 16/67 353 276 0/82 10/00 429 377 CPC GLOBAL S
0/38 10/00 365 329 0/20 3/33 407 394 CRU
0/44 16/67 411 370 0/17 26/67 479 468 ERA-INTERIM
0/55 20/00 397 345 0/20 3/33 500 488 ERAS
0/68 0/00 669 605 0/73 0/00 798 752 MERRA-2
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d-factor p-factor = Upper Lower  d-factor p-factor %  Upper Lower
% bound bound bound bound

0/83 40/00 8/346 8/110 0/83 13/33 13/550  10/935 CPC GLOBAL Slgal
0/75 30/00 8/430 8/217 0/31 46/67 13/935  12/966 CRU
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