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Figure 1- Location of study area and spatial distribution
of selected synoptic stations
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Table 2- Seasonal forecasting models used in this
research from NMME center
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Table 5- Root Mean Square Error of predicted
precipitation compared to observation precipitation
(For combining models)
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Table 3- Coefficient of determination of predicted
precipitation of Jan compared to observation
precipitation
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Station C' from IC from Forecast
Oct Nov from Dec
Mianeh 0.26 0.34 0.47
Khalkhal 0.38 0.41 0.49
Khodabande 0.58 0.26 0.36
Zanjan 0.42 0.40 0.63
Bijar 0.49 0.56 0.77
Zareineh- 0.44 0.67 0.51
obato
Ghorve 0.59 0.33 0.40
Manjil 0.41 0.44 0.53
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Table 4- Root Mean Square Error of predicted
precipitation compared to observation precipitation
(for single model In January)
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. IC from IC from IC from
Station Oct Nov Dec
Mianeh 15.4 8.0 6.1

Khalkhal 14.0 10.0 55
Khodabande 11.0 9.0 7.2
Zanjan 12.0 11.7 5.0
Bijar 16.6 12.2 9.2
Zareineh- 17.0 13.9 12.4
obato —
Ghorve 13.1 13.2 10.7
Manjil 11.8 6.3 7.5

Index Jan. Feb. Mar. Oct. Nov. Dec.

Lead time: 1 month

R? 073 068 071 061 065 074
RMSE 68 84 51 88 6.8 4.2

Lead time: 2 month

R? 058 063 055 051 061 046
RMSE 100 117 92 121 109 95

Lead time: 3 month

R? 051 045 040 049 053 0.59
RMSE 138 120 143 145 154 17.6
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Figure 3- Frequency of precipitation in different
classes- members of the CMC2-CanCM4 model
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Figure 4- Frequency of precipitation in different
classes- members of the COLA-RSMAS-CCSM4
model
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Table 6- January precipitation category base on
observation precipitation
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Sloalin
Station Below Normal Above
Mianeh >29.4 23.5-29.4 <235
Khalkhal >27.0 21.6-27.0 <21.6
Khodabande >36.4 29.1-36.4 <29.1
Zanjan >25.0 20.0-25.0 <20.0
Bijar >34.9 27.9-34.9 <27.9
Zareineh- >206  29.6-37.0 <29.6
obato
Ghorve >32.7 26.2-32.7 <26.2
Manjil >18.6 14.9-18.6 <14.9
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Figure 6- Boxplot of predicted precipitation in Jan
during the long-term period at the Gharveh station
(the prediction in done since one month ago)
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Figure 7- Boxplot of predicted precipitation in Jan
during the long-term period at the Gharveh station
(the prediction in done since one month ago)
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Figure 5- Boxplot of predicted precipitation in Jan
during the long-term period at the Gharveh station
(the prediction in done since one month ago)
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Figure 6- The distribution function graph of
predicted precipitation and the long-term period
precipitation for Jan (the prediction in done since one
month ago)
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Table 1 - Characterizations of Radiosond Shiraz

station
3 iy X guwg9 01y 0BT | lbiasiinn —Y Jgu
WMO Index Number 40848
ICAOQO Location Indicator OISS
Station Name Shiraz
Country Iran, Islamic Republic of
WMO Region 2

Station Position
Station Elevation (H,)
Upper Air Position
Upper Air Elevation (Hp)

29°32°N 052°35"E (dms)
1486 Meters

29°32°’N 052°35°E (dms)
1491 Meters

! https://www.ecmwf.int/en/forecasts
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Figure 2-Time series plot of annual precipitable
water vapor from Radiosonde (line), ERA-Interim
(dash line) and NCEP-NCAR (dot line) data for the

blue dash lines period 1990-2017. Horizontal
represent the corresponding climatological means.
The red dash lines indicate the corresponding linear

trends
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Table 2 Results of linear regression and MK test for

monthly mean of observed precipitable water vapor
data
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Mann-Kendall
Months S Z P value
Jan. =77 -15 0.13
Feb. -56 -1.09 0.28
Mar. -22 -0.42 0.68
Apr. -24 -0.45 0.65
May -4 -0.06 0.95
Jun. 44 0.85 0.4
Jul. -12 -0.22 0.83
Aug. -102 -2 0.05
Sept. -30 -0.57 0.57
Oct. -30 -0.57 0.57
Nov. 0 0 1
Dec. -12 -0.22 0.83
Simple linear regression
Months Slope T P value

Jan. -0.09 -1.8 0.08
Feb. -0.02 -0.54 0.59
Mar. -0.03 -0.92 0.36
Apr. -0.02 -0.5 0.62
May -0.004 -0.10 0.92
Jun. 0.078 1.39 0.17
Jul. -0.02 -0.36 0.71
Aug. -0.10 -2.02 0.053
Sept. -0.02 -0.55 0.58
Oct. -0.053 -1.05 0.30
Nov. -0.008 -0.14 0.88
Dec. -0.02 -0.50 0.61
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Figure 3- Autocorrelation functions (ACFs) of
observed annual precipitable vapor water time series
for shiraz station for the period 1990-2017. The
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Table 3- Correlation coefficient, root mean square
error (RMSE) and the mean difference values

between Radiosonde data with ERA-Interim and
NCEP-NCAR

Ola o (a8l Hd2r (ot i pb p3lio - Y Jgo
b Wgwesdly osld rpw b o Sleo woldi 9 (RMSE) s
NCEP-NCAR 4¢ERA-Interim

P value Correlation Coefficient
Month NCEP- ERA- NCEP- ERA-
NCAR Interim  NCAR Interim
Jan. 0.4 0.016 -0.16 0.45
Feb. 0.98 0 -0.003 0.71
Mar. 0.78 0 0.05 0.55
Apr. 0.72 0.44 -0.06 -0.14
May 0.19 0 0.25 0.7
Jun. 0.43 0 0.15 0.66
Jul. 0.27 0 -0.21 0.55
Aug. 0.67 0 -0.08 0.69
Sept. 0.06 0.04 0.35 0.39
Oct. 0.71 0 -0.07 0.61
Nov. 0.51 0 0.12 0.71
Dec. 0.08 0 -0.32 0.69
Year 0.46 0 -0.14 0.59
RMSE Mean Difference
Month NCEP- ERA- NCEP- ERA-
NCAR Interim NCAR Interim
Jan. 2.71 3.29 0.03 2.55
Feb. 2.44 2.38 -0.21 1.94
Mar. 2.2 2.14 0.45 1.61
Apr. 3.19 2.95 -1.69 211
May 7.14 2.24 -6.63 1.8
Jun. 11.28 2.65 -10.84 1.94
Jul. 11.84 3.49 -11.02 2.08
Aug. 10.07 3.55 -9.57 3.1
Sept. 8.46 3.08 -8.16 2.37
Oct. 4.84 2.99 -4.06 2.46
Nov. 4.07 2.64 -2.69 1.96
Dec. 2.97 2 -1.46 1.52
Year 4.8 2.23 -4.6 2.17
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Figure 4- Bar chart of climatological mean for
monthly time scale of precipitable water from
Radiosonde, ERA-Interim and NCEP-NCAR data for
the period 1990-2017
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Table 1- Geographical, agronomic and climatic characteristics for each station
ol | p2 5l o8l g £l (2l Olakin-) Jus

. Established Longitude Latitude  Average yield Average Average
Station name year °E) °N) (Kg ha')) precipitation  temperature
(mm) Q)
Sagez (SAG) 1961 46.27 36.25 828 487 11.2
Sanandaj (SAN) 1959 47.00 35.33 812 450 13.6
Bijar (B1J) 1987 47.62 35.88 773 340 111
Zarrineh-obato (ZAR) 1989 46.92 36.07 810 395 7.9

Table 2- Seven selected CMIP5 models, experiments and ensemble members, used in this study
oals oolaw! Juo po slaeg,S g CMIPS bl Jowo cin -Y Jguo

Horizontal Resolution  Experiments and Ensemble

Model Name Research Centre (latitude x longitude) Members
i Centre National de Recherches hist. r[1-10]i1p1,RCP26 rlilp1l,
CNRM-CM5 Meteorologiques, France 1.401x1.406 RCP85r[1,2,4,6,10]i1pl
Commonwealth Scientific and Industrial
Research Organization/Queensland .
CSIRO-MK3-6-0 (pimate Change Centre of Excellence 1.865x1.875 r[1-10]i1p1
Australia
hist. r[1,2,6,7,8,9,12,13,14]i1p1,
EC-EARTH E“mp,jgt”heEﬁ;tnh d;{srz;“ng"c’de" 1.121x1.125 RCP26 r[8,12]ilpl , RCP85
r[1,2,6,8,9,11,12,13]i1p1
HadGEM2-ES Met Office Hadley Centre ,UK 1.25%1.875 r[1-4]ilpl
IPSL-CM5A-MR Institut Pierre Simon Laplace, Paris, 1.268x2.5 hist. r[1-3]ilpl, _RCP26 & RCP85
France rlilpl
Japan Agency for Marine-Earth Science
and Technology (JAMSTEC),
Atmosphere and Ocean Research hist. r[1-5]ilpl, RCP26 & RCP85
MIROCS Institute, The University of Tokyo, and 1.401x1.406 r[1-3]ilpl
National Institute for Environmental
Studies, Japan
MPI-ESM-LR Max Planck Institute for Meteorology, 1.865x1.875 r[1-3]ilpl

Germany
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Table 3- Correlation analysis of annual product yield with monthly climatic variables of precipitation, maximum
temperature and minimum temperature
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Correlation Coefficient (r) for Precipitation (Pr) variables

Station I
Pr_Oct Pr_Nov  Pr_Dec Pr_Jan Pr_Feb  Pr_Mar Pr_Apr Pr_May Pr_Jun
SAG 0.4* 0.34 0.15 0.05 0.16 0.02 0.38 0.26 0.25
ZAR 0.34 0.38 0.26 0.11 0.24 0.15 0.5** 0.7** 0.22
BIJ 0.35 0.44* 0.12 -0.11 -0.09 0 0.37 0.46* 0.16
SAN 0.32 0.37 0.22 0.09 0.19 0.29 0.39 0.31 0.11
Correlation Coefficient (r) for Maximum temperature (Tmax) variables
Tmax_Oct Tmax_Nov Tmax_Dec Tmax_Jan Tmax_Feb Tmax_Mar Tmax_Apr Tmax_May Tmax_Jun
SAG 0.05 -0.63** -0.34 0.26 0.16 -0.06 -0.42* -0.21 -0.03
ZAR 0.02 -0.62** -0.29 0.36 0.19 -0.11 -0.57** -0.61** -0.02
BIJ 0.14 -0.55** -0.31 0.32 0.26 0.1 -0.33 -0.23 -0.01
SAN 0.08 -0.6** -0.17 0.27 0.23 0.08 -0.29 -0.13 0.11
Correlation Coefficient (r) for Minimum temperature (Tmin) variables
Tmin_Oct Tmin_Nov Tmin_Dec Tmin_Jan Tmin_Feb Tmin_Mar Tmin_Apr Tmin_May Tmin_Jun
SAG 0.29 0.17 -0.13 0.38 0.31 0.1 0.09 0.07 -0.22
ZAR 0.11 -0.27 -0.19 0.48" 0.34 0.07 -0.34 0.16 -0.38
BIJ 0.34 -0.36 -0.23 0.4" 0.36 0.12 -0.15 -0.21 -0.05
SAN 0.33 0.28 0.12 0.39 0.49 0.26 0.18 0.3 -0.12

Sl ooV g o]0 0 Jlim] mhaw )8 (g5l e oy Ay s

g %

Jolom 5 iSlas sles g baoks pls lp s o 40 jiSTole 5,b Jlade gy Pr_Oct i 5l jekaie -
* and ** significant at p<0.05 and p<0.01, respectively
1- The Pr_Oct variable means the amount of precipitation in October. So for the other months and the maximum and
minimum temperatures
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Figure 2- The results of iterative Chi-square y2- for, (a) - (d) the minimum temperature (Tmin °C), (e) - (h)
maximum temperature (Tmax °C) and (i) - (h) precipitation (Pr mm) at each station. The horizontal dashed lines
[- - -] in each graph indicates the minimum value for the %2 significant at 1% level (at least for two consecutive
weeks). The threshold values 2 are shown on each graph. Vertical dotted lines [{] in each graph separator plant
phenology which involves stages, planting stage, germination and tillering stage, stem elongation and anthesis
stage and ripening stage which indicated by numbers 1, 2, 3 and 4 respectively in each graph. High yield years:
(—o—); Low yield years: (—e—).
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Figure 3- The relative changes in monthly precipitation (the ratio of the amount of precipitation in the future to the
base period), the absolute changes in the maximum monthly temperature (Tmax), and the absolute change in the
minimum monthly temperature (Tmin) for each station, under the RCP8.5 scenario and for the average seven selected
models in the period 2045-2065 relative to the base period
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Figure 4- The effect of monthly precipitation (Pr), maximum monthly temperature (Tmax) and minimum monthly
temperature (Tmin) changes on the yield of rainfed wheat at each station under the RCP8.5 scenario. Green, red and
gray colors indicate favorable, unfavorable and unchanging weather conditions to wheat production in the period
2045-2045 compared to the base period, respectively
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Table 1- Temperature of air and soil and soil moisture during taking the samples in summer and winter (August and
February)

((rod 9910 70) (yliano 9 Lwall 50 Wrdiged Culild yp o j0 S Cagh, 9 S 9192 slod - Jgux

Planted forests

Seasons Parameter

Poplar Oak Maple Alder Cypress
Air temperature °C 33.8 32.3 32.8 335 33
Summer _Soil temperature °C 28 25.2 255 26.5 21.7
Litter temperature °C 30 26.5 26.5 27.5 28
Soil water content (%) 12.5 34 9.4 115 4.2
Air temperature °C 11.5 11.6 11.7 11.5 11.2
Winter S_oil temperature °C 9.5 8 8.5 75 7.1
Litter temperature °C 10 8.5 9 8 7.5
Soil water content (%) 20.4 18 26 37 154

Table 2- Mean values of CO, emission (ppm) in summer and winter (August and February)
(¢yode § 918 y0) (ylisuno ) g (yLiuansli 53 (PPM) CO; 3 JounS (il yy0lio - ¥ Jguir

Season Planted forest Mean values+ SE F value P value
Maple 1625+76.53 a
Alder 1648.66+61.86 a
Summer Cypress 830.33+7.96 C 69.506 0.000
Poplar 1753.33+18.55 a
Oak 1059.66+45.48 b
Maple 746.5£32.04 b
Alder 1056+19.05 ab
Winter Cypress 1600+226.84 a 3.615 0.045
Poplar 1164.5+£326.49 ab
Oak 806.5+31.46 b

Table 3- Mean values of CH, emission (ppm) in
summer and winter (August and February)

3B JomS 2 0lio (il ylg 36T g uSileo polio - ¥ Jousr
(oo 9 910 p0) (ybimno 3 9 ylimsli yo (PpM) CH,4

5 5 S
8 s;— er(;?as Meanvaluess € Q
wn LL o
g Maple  1.376+0.0006 b
2 Alder 1.34+0.0135 b 3 3
g Cypress 1.72+0.0161 a "f S
@a Poplar  1.82#0.0076a <~ ©
Oak 1.21+0.0086 b
Maple 1.152+0.04 a
5 Alder 1.2545+0.0125a <« «
£  Cypress 1272401082 & &
= poplar 1.1925:0.282a — ©
Oak 1.0145+0.0395 a
2500

aSummer ™ Winter,
2000

a d a 2
1500 - b b a
1000 | TP b b
500 -
0 - . . . .

Maple Alder Cypress Poplar Oak

CO; (ppm)

Planted forests

Figure 4- CO, emission from soil in planted stands in
summer and winter
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Figure 6- N,O emission from soil in planted stands in the
summer and winter
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Table 5- Normalized values of research data
Gz gosld ouls Jloy wolde -0 Jouo

Q w
fgee 5 ¢ & &5 o
$§88¢9 3 < o 2 8
gofs < 2 5 8
(D [«5)
CO:» (515 0508 0259 0548 0.331
Summer
Co,
Wil 0422 0298 0560 0.466 0.322
N,O
Gl 0499 0428 0327 053 0.424
Wl\_le 0494 0.407 0493 0442 0.39
Inter
SCH“ 0.396 0407 051 0538 0.358
ummer
CH,
WiHe 0475 0436 0482 0.452 0.334
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Table 4- Mean values of N,O emission (ppm) in
summer and winter (August and February)
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Figure 5- CH4 emission from soil in planted stands
in summer and winter
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Table 6- Positive and negative ideals
E 9 Cado sl ows] -7 Jgur

Sum of the
Planted ) Positivg .Negati\./e Posi'give ideal
forest ideal point ideal point point an_d
(P1S) (NIS) Negative ideal
point
Oak 0.1228 0.4149 0.5377
Poplar 0.4384 0.1237 0.5621
Cypress 0.4001 0.3536 0.7537
Maple 0.2781 0.3348 0.6129
Alder 0.3618 0.2095 0.5713

Table 7- The final priority of tree species considering
the lower emission of greenhouse gases in summer
and winter

aazgi b (o550 sLAeS ol o cuglsl -V Jgu
Ol 9 Gl jo GILRIS (S oS Jund

Planted forest CL Priority
Oak 0.772 1
Maple 0.546 2
Cypress 0.469 3
Alder 0.367 4
Poplar 0.22 5
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axeS b am ol og ol Jab Sl 568 4y i
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Classification of suitable corn crop areas
(In order from highest to lowest value is)
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Figure 3. hierarchical graph components and their descriptive information
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Table 3- Components Points
Ladlzo jlil =¥ Jouar
Areas with Land Areas with
Components T Max T Min managed use Irrigation Slope Soil  Score
agriculture System
T Max 1 2 5 3 5 5 5 0.21
T Min 0.5 1 2 2 2 1 1 0.13
Areas with managed 0.2 0.5 1 1 1 02 02 005
agriculture
Land use 0.3 0.5 1 1 2 0.5 0.5 0.07
Areas with Irrigation
System 0.2 0.5 1 0.5 1 0.2 0.2 0.04
Slope 2 2 5 2 5 1 1 0.19
Soail 1 1 5 2 5 1 1 0.19
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Figure 4- Prioritizing the maize area based on the maximum and minimum temperatures in current
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Figure 5- Prioritizing the maize area based on maximum and minimum temperatures based on climate scenarios
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Figure 10 - The percentage of spatial changes of the
future areas of maize crops

)OQ)\’)M w w&@‘ﬁ@l&oabﬁgb’m)e —‘OJSQ
oq.’».;..i

O pdicam] Julos 5l eael cuns 4 @l

b oh b oad sbul Olpass 5 Sl pdy ] o8l

el (g5 (518 Caws e guyd A oedle



WAA olaasli 5 5k o) o jlo oY oo o(g559LiS owloilen 4y pii OV

225 clie 23 5l oy FO Y0 Jlo b sgds
Py Oyd cls el g cdl aals hals
Al e GEplS Dal 4y (B Cgir g (655

&b

Ababaei, B., Sohrabi, T. Mirzaei, F.,
Rezaverdinejad, V., Karimi, B. 2010. Climate
Change Impact on Wheat Yield and Analysis
of the Related Risks (Case Study: Esfahan
Ruddasht Region). Journal of Water and Soil
Sciences (Iranian Journal), 20: 135-150. (in
Farsi)

Adnan, S., Ullah, K., Gao, S., Khosa, A. H.,
Wang, Z. 2017. Shifting of agroclimatic
zones, their drought wvulnerability, and
precipitation and temperature trends in
Pakistan. International Journal of
Climatology, 37: 529-543.

Anonymous. 2015. Soil studies of the
Department of Natural Resources and
Watershed Management of Khuzestan
Province. (in Farsi)

Banayan Aval, M. 2010. Crop models efficiency
and performance under elevated atmospheric
CO2. Journal of water and soil, 4: 115-126.
(in Farsi)

Blasing, T. J., Solomon, A. M. 1983. Response
of the North American corn belt to climatic
warming (No. CONF-830341-1). Oak Ridge
National Lab. TN (USA).

Bolouk Azari, S., Massah Bavani, A. R,
Azadegan, B. 2013. Assessment of Changes
in Yield and Agricultural Water Productivity
of Hashtgerd Plain Affected by Climate
Change in the Future Periods Using AEZ/GIS
Approach. Iranian Journal of irrigation and
Drainage, 4(6): 273-286. (in Farsi)

Bonfante, A., Monaco, E., Alfieri, S. M., De
Lorenzi, F., Manna, P., Basile, A., Bouma, J.
2015. Climate change effects on the
suitability of an agricultural area to maize
cultivation: application of a new hybrid land
evaluation  system. In  Advances in
Agronomy, 133: 33-69.

Cao, M., Zhu, Y., Li, G., Chen, M., Qiao, W.
2019. Spatial Distribution of Global
Cultivated Land and Its Variation between
2000 and 2010, from Both Agro-Ecological
and Geopolitical Perspectives. Sustainability,
11(5): 1242.

Cairns, J. E., Sonder, K.« Zaidi, P. H., Verhulst,
N., Mahuku, G., Babu, R., Prasanna, B. M.
2012. 1 Maize Production in a Changing
Climate: Impacts« Adaptation« and Mitigation
Strategies. Advances in agronomy, 114(1):.

Chen, 1. C., Hill, J. K., Ohlemiiller, R., Roy, D.
B., Thomas, C. D. 2011. Rapid range shifts of

w3l 5 oo T liss il (RCP 2.6 (sor,lins)
31 (RCP 6 (531,i) (5,55l Canslns 365 g 51

species associated with high levels of climate
warming. Science 333: 1024.

Crafts-Brandner, S. J., Salvucci, M. E. 2002.
Sensitivity of photosynthesis in a C4 plant:
maize, to heat stress. Plant Physiology, 129(4):
1773-1780

FAO. 2012. World production and trade of
cassava products.
http://www.fao.org/docrep/x5032¢e/
x5032E08.htm (accessed on August 20, 2013).

Holzkdmper, A. 2017. Adapting Agricultural
Production Systems to Climate Change-
What’s the Use of Models?. Agriculture,
7(10): 86.

Kaur, H., Huggins, D. R.,, Rupp, R. A,
Abatzoglou, J. T., Stdckle, C. O., Reganold, J.
P. 2017. Agro-ecological class stability
decreases in response to climate change
projections for the Pacific Northwest, USA.
Frontiers in Ecology and Evolution, 5: 74.

King, M., Altdorff, D., Li, P., Galagedara, L.,
Holden, J., Unc, A. 2018. Northward shift of
the agricultural climate zone under 21% century
global climate change. Scientific reports, 8(1):
7904,

Kurukulasuriya« P., Rosenthal, S. 2013. Climate
change and agriculture: A review of impacts
and adaptations.

Lobell, D. B., Sibley, A., Ortiz-Monasterio, J.
2012. Extreme heat effects on wheat
senescence in India. Nature Climate Change, 2
186-189.

Lobell, D. B., Banziger, M., Magorokosho« C.,
Viveke B. 2011. Nature Climate Change, 1:
42-45

Newman, J. E. 1980. Climate change impacts on
the growing season of the North American
Corn Belt. Biometeorology, 7(2): 128-142.

Olesen, J. E., Bindi, M. 2002. Consequences of
climate change for European agricultural
productivity, land use and policy. European
Journal of Agronomy, 16: 239-262.

Rao, B. B., Chowdary, P. S., Sandeep, V. M.,
Rao, V. U. M., Venkateswarlu, B. 2014.
Rising minimum temperature trends over India
in recent decades: implications for agricultural
production. Global and Planetary Change, 117:
1-8.

Roostaee, M., T. Sohrabi, T., Massah Bavani, M.,
Ahadi, M. S. 2012. Risk analysis of climate
change impact on maize yield and water
productivity in 2010-2039 period. Journal of
water and soil, 2: 361-371. (in Farsi)

Ruane, A. C., Phillips, M. M., Rosenzweig, C.
2018. Climate shifts within major agricultural


http://www.fao.org/docrep/x5032e/
http://www.nature.com/nclimate/journal/v2/n3/full/nclimate1356.html#auth-1
http://www.nature.com/nclimate/journal/v2/n3/full/nclimate1356.html#auth-1
http://www.nature.com/nclimate/journal/v2/n3/full/nclimate1356.html#auth-3
http://www.magiran.com/magtoc.asp?mgID=5711&Number=2304&Appendix=0&lanf=En
http://www.magiran.com/magtoc.asp?mgID=5711&Number=2304&Appendix=0&lanf=En
http://www.magiran.com/magtoc.asp?mgID=5711&Number=2304&Appendix=0&lanf=En

DA gl Joo cds b3,

seasons for+ 1.5 and+ 2.0° C worlds:
HAPPI projections and AgMIP modeling
scenarios.  Agricultural and  Forest
Meteorology, 259: 329-344.

Sénchez, B., Rasmussen« A., Porter, J. R. 2014.
Temperatures and the growth and
development of maize and rice: a review.
Global change biology, 20(2): 408-417.

Seo, Y. A, Lee, Y., Park, J. S., Kim, M. K.,
Cho, C., Baek, H. J. 2014. Assessing
changes in observed and future projected
precipitation extremes in South Korea.
International Journal of Climatology.

Shi, W., Tao, F. 2014. Vulnerability off
African maize yield to climate change and
variability during  1961-2010. Food
Security, 6(4): 471-481.

Shukla, R., Chakraborty, A., Joshi, P. K. 2017.
Vulnerability of agro-ecological zones in
India under the earth system climate model
scenarios.  Mitigation and  adaptation
strategies for global change, 22(3): 399-425.

Singh, M., Aggarwal, R. K. 2018. Mapping of
Agro-Ecological Zones of North-West India
in Context to Climate Change Using
Geographical Information System. Current
World Environment, 13(1): 75.

Vuuren, D. P., Edmonds, J. A., Kainuma, M.,
Riahi, K., Weyant, J.(2011). A special issue
on the RCPs. Climatic Change, 1009,
https://doi.org/10.1007/s10584-011-0157-y

Zhang, L., Zhang, Z., Chen, Y., Wei, X., Song,
X. 2018. Exposure, vulnerability, and
adaptation of major maize-growing areas to
extreme temperature. Natural Hazards,
91(3): 1257-1272.



https://doi.org/10.1007/s10584-011-0157-y

Od

. e 3 y9Lins [F9] S
Journal of Agricultural Meteorology G ’n e
Vol. 7, No. 1, Spring & Summer 2019, pp. 3-12 il Yo mo ATAA lonsli's sl ) ojlos oY ey

TolBaln) 29 T ol B 5395 ¢ 506, Lad! Lo yuses

VAN YN - sedl o o
VWAAONE oy o

cuuS>

20k Jad 55 05 Gy ilee 08, o (RUE) &5 (2l Brae )5 (Sdn Sliss Jloses 4 (plitws Bao b haghy onl )0
Sy Colus azll 5 S 00giCans ) plaie (ol b oriwdun) Slawe Dledlbl ol cuiS 7,5 10 ol 5 oRidls gl as) e
Olol 5 e y3> shebples (b ailjy) ol Jal Ghomis b (s 35 Sglaezr ) Juab Sl (Jlgte 4220 10 50 ladigy o
Oy (hgals capd g (Sanlil alis; il 18,5 L 50 b pgal Ghilon 5 (558 DLl (ileand S 50 mhans o
b oslitl D)3 ibgy 50 edd Lz (Sye 98 Ol 65 35900 lp alS Giba (9p0 b wYaiz Jae SOl (el

plad 51 Gloje yab )3 aig a8 pled ()] ;o g ol Il YV B YV e Slelis o o ol alyg, o S old] o5luacs
PSS (Sanlish alis, (eSolee Ghomin Ab o (2355 PSS )95 b o610 paigas j9) (b 50 38l mhaw g SLST slagi n m sLls;
Srae 2D e VY woles )0 9 Bgte iy gb b dies (loj 5l b (s T ojlail 285 plnl paal Sl SeSa 55 &g
5o ooy Mg dedly Cundg o (s a5 cul (T Sole sty cal @l wd anulre latie S Sl slaejl po
S e IS Sl 425 35, b o s e 5 8, b S0 1y RUE 31 ol ke o5 L5 o b ol o
IIMI s el do s Ve v iy b ) o 55 o] ol Jlainl 4 caraS ] Siie poliio oo s, o YS/) GIMI & &3

il e VIO
Sh9al i sy b (AL gy o Ftmgid Jlab Ll wdgicam; ( golS g0 lg

FPRV-PY

LGN lads WIS e Gere lwgis by STy
@l 4 IS g peiies uf ool jsboay (Rl S yas
Sy &S Jpamo gai 5wy laanlp ple
S gler B 5 (S (Sl (S5 LtelS
o0l i (g5l o 1 W)l ringisd 4 slodzey
Hikosaka et al., ) wlei oo duslin 3iiwsig anl,d o
Gras 2l 0yl Y (o ipte 5l 25 0050 (2016
039y jlade (5 ka0 35500 -\ aites Jgame il
3l edgichmy 05l pa Cons b Brae LIS
(Zhu etal., 2012) ol goslo ' alS g jiiwgiss
s=ly3 6303 GilwssS 5 clio (6 )bne -Y (2012
5 oole slie —Y el (63,5La8 Sllee 5 olS cuodlos
Monteith and ) cuul Jgame o, (g jlodd j0 wel,lS

o b Gyae o5 Jlade 5 (Unsworth, 2013

! Canopy

Lo col pasls Jpame | il Grae oS

S Gl i o ek G 5l el
: , o s e 0 .
Vg Jpame Spae b a4 | alS Teogcun;
PN S ES VGO [N PSR R SUPUR L RS S
JW b (S e ) oS SS edgiiew
(Jg5 cm> ) oS laug T oas Cd> (G g gl
adg alls g axls ol (Russell et al., 1990)

P edd ol b gHl sl 1y esgicen;

5 Sl mdige 03,5 (55l (omlitlsn (glS (sszmasls |
Ol olzils ¢ Slobi]

ol oKl « SobT g (o kol cwaige 09,5 ¢ Ll v
(nghahreman@ut.ac.ir : Jgiuwes odiws i)

DOI:
A oSily 050055 e (Ldb S3d 09,5 Lsils |
* RUE: Radiation Use Efficiency
® Biomass
¢ APAR: Absorbed Photosynthetically Active Radiation


mailto:nghahreman@ut.ac.ir

I e H (Kad oy

copo diligy 0y9lp jo hemie al @l I eslixul
cys lalind ol et b (LS iy | LSgels
L o5sy @bds, olele IS a4 ol ads Ssels
slabod  polie peeni T 5 ab) Jab ol S
L sy olds, olele J5 4 alS by (Soubisl
A0) o) b 5 IS g by b plas >
Sl 0 (B by (Sabil B S
b Grae LS 0510 b badye daghy slahlS
o i Stz b b Bk g slaeisT
03,5 50l agjluosls ead D929 L olS lawgs
Sl o o Ll sl 5l diges simay awlsl yo aS cul
lallas ol (Sl lieds (3Ll b3 o dslone a2
U Sras oL 2l Gl jo bl was oo 1l |,
Senle Jody e obsS Gloy slaosly yo Jparme
sl 5l 1y el Slalssl ul S5 iy olideg
Godolezel pals a5 WS o Sl Fp weibols
Syalp slollas 5l oS5 el walys o o |, mls
Bgod slp o)l gy alide slaiagh jo S GEe
03, 90 Sl Brae o8 oL, o Liuetal, (2012)
GRS e boogline citS ol aw 0 o))
Jbd b Cd pliee o (D)3 by (Sanbil
Sgaze VFiew U Veier Sleluay 1) allyy, (gymwgigd
y 0pd by 995 e ol @l by sl
oWl od> Andrade et al., (1993) .&los S awle
Wooo V) e e clebs o L |, ailys, o yimgiss Jlad
D)8 Gikdg (Sanbl ly a5 ojlul e =3
;> Greaves and Wang (2017) .ailos S gy ei
Srae QL 5 9 i Gl 2 2l G ST b))
Gy Sheels cups wdy Jad 5 ln oS b
PR e l) D)5 b (Sanbilg /PO plnl, o)
2L o550, sl Westgate et al., (1997) .asles,S
o Ogliie (5 aAlols 0 3l Ll yo Al B pae
«Dyd Gibgy (Sanbl ol (Shaeia b iS glacks,
Jbs b allys, iz VFiee B VY Slele o L
Kiniry et al., (1998) .asles,S" (5 xSo3lul |, (s 5mmgigd
D)8 g D3 b Bpae @S Eeb (owyp 50
ol 6o JLad 35e8 Ol piias S (pg5 y9) (slades

! Extinction coefficient

ahie G 0 =) )b vgmg Dl Sy9lp dw Jyamae
Sy b (2l @50 Mie) wly Juad 5 e
T b et o oy alanslyts CoeS ol e (Jgeazme
L-Y .(Akmal et al., 2014) 558 oo drulre s S
b ol (Jyame b Brae oIS Gy aia axgs
S odgidany pilie G (GeeeS) MLl
))ra)f »‘5b)l.~o)um§a.]a&a~x>‘5 )‘ AW 6)&;3:\.39,0.3
odbodyr (xerd (SFiwgigd Jld b g (@ S
M Gras QLS (Sle plgies Joame g
Monteith, 1994; ) 54d oo s 0, Jad o oLS
gl 4 axgs L -V (Sinclair and Muchow, 1999
Loibls Jaz 5l oolazwl gty 005 5l (g,lo paiges
A Jeamme ol Jad o b Bras oLlS yolas
ol 5 aegh opl 4o (Hossain etal., 2014) s4i o
aue g (6,leds (g pile; Cdeds ol oals Jas 09
oS Sladsd (il Bras ol )5 Slaws 58 05ll ol
o5 SodisT il By IS 550 5 olaso b,
39 el S Sl &S 2l | Jpame 0B, b o
odlitl (paslis (nl 3,515 90 g, 5l laiegh ote:
&l ohe, ol [(Lindquist et al., 2005) cool ool
L o)l goly <do 5 (St Jgame 0l (iluaned
Gy Gl Gran )5 5l goae Jlade SO 4 s
o3l 1) Jyame 5390928 9 gei wd; Jolpe jo (20U
O Oobkly bR et anibre wgmgcnl b0 pS o
5 oLS oo L R G romwgigd Jlad il slaosls
ghe colue axly 5l sadcuily,y Sis cogicen)
=y SVgame 1l Srae 2L 0psTn @l )
g oSl Sloy (glopdises o)le jo atdl a5 ol
0 P9y orl 5l Jbe slp ol an S G i ys plaial
=l oyl sl Andrade et al., (1993) iags
dw S99 Yw ol ol solazuwl IR u...:l.: 3 pao
Ol Gal 6, b Slawe sleo,gly jo pwlul sl
e Jeame lawgi odl Cdm (griwgigd  Jled
@hB S sS) 05l @l (yd 5 Soalad el
ity oLl Gl sediee Jsame iU Gy
Jbs il oo @il e -V 5l 0l Caglsl
Vs dsb pe Jyae bawg ol Ol (imggd



WA oliasli 5 5ke o) o jlo oV alo «(65,9LaS owlioileh 4y pii  #9

as)yo gl )0 LS 0, SelS Y IS jlade Lol
Oy sladig VWAF Cuigus,l YA @.)L'; 50 A sy
as G:I)Lg Ls)L.,.g—l @)l;‘ ol g e S o, o
oy (Do i) (gl o)kl wilobis b oas ysboay
By VXN Colundy gl &S 0 285
oo b 00,8 eSS ol sla bl sl 0,505
by ase Sy P e olel yee ©)8 (Saew,
b ealis celo ¥ oe gl sl s i VY sl
La> olp 50 050 ladip Gal (T V7 alae o
slacale b ooj)le @b 5l o)y Wy el Ll
e 5l e Y e Ll (0B, BT g 508
253,5 oolaiwl €59,5% (6l pL L (02 gu g iSale

(T § (g0l
o>V b jo bais 5l (o0 55 )l peiged sl
e e 0 A Sy gladsb p LITAR
Lzl opl oo plxl Sldlae &5 S by,
JolS Bran 5l leaigy adS o juw | dlan G cldS
s o o 3 pae 5 Lol (prpmagail) (N8 awis g
@ o3y Sl JolS (g ISy 5 oz 0ot
255 G paised nl 08 ol (loebl iigisd
e Sy Sl alolay b,y fad Jsb jo iy jebay
ol g0 5 by GRIOS (58 L bdiges 5 )8
5 485 )3 e S p Colue w3550 dadiy:
G 208 (o0 Jie (S S0l o0j95 e Ay S5 e
Ko L bay jpw bS,y colue 5
Delta-T Devices Ltd. LS ;| S, mwcolus
s pSojlail ol polae V Jgaz jo ol plxl il
Sl gladis cul ol )0 (6 )l paigad Cugi VO o
A les o Jhaiul cele YY 5l G (S Sl o,e5ay
sl slaplal ol 5 Sz MlS ol 5 il ax o
P RIS (o0 (P SES 03w Guend slp D)0
W28 Gyl pdises 3l Jleie aan VO sl ) Jeux
Fo S )0 Sgzge D) SiS 035y polie dadis

ol ol Cod 5 S a5l e

Ly Al 9
S ol pled rmgigd Jld bl jelate
Jb s 45l gl Voo B ¥ g Jobo arals b

U Gl ailyy, e liee g yhe 1) Gidgy (Sanlisl
P P B R R R v r= W T PSS STV SN
ol ol Gus a5 ol iagh o ailas S ojlul
580y bl ©)3 B Grae LS (Suae obs
Sogeits oliss slp @jslp Coabad g s il
Bl il o il Gpae Ll Sl Ol

A S bl g culS ey

L gy 9 9lge

@ b slgegn s Sldlae S 5o

aaip g s)lede bl (el baiss | i
e Sl Jad s leads, > G Rl b
kS 5 i (AL o0glun S oIl o laasy,
Olpeds Ko ldolo (2p 5l olS (2lsa slapll
5 08y GEIGLSS (28 L Wsdoe i35 03
Sl (o255 by Geed 3 Jad (o iy den 9ol
Glac i clils g clils jo &8 008w (6,10 pdiged

255

o g cls gog,
Oovybawsie o8, O, WWAP Cligus | VY &L o
on ARk 9 hisel asyie o “Maxima”
Abeze 53 @dly ol s oy (b mlie 5 (55,5l
BY g az,0 00 coija ldliz oy s Job LS
eyl g Jlad asds YA g ax 0 YO 4 B0 addo
awsid 3l Gom b wlil slao] zlhw 51 e YYAYA
Cusls ol caS as, gl g JSaa  Llates culs
30 B jsba g eile VO s, o alol L
Fo 2 0 &g Ve ciS @ S1 L s - Jled sl
e ity Lalps coley jshateas ol plxil @pe
5 b (g ol 05 pas Cuxdy & el
SIS ) g o] Sy 0y b 55 S el
S 5 oS VO poliess N-PK sl slooss
Slawd pgw 595 5l ESa ;0 0 SekS YO- w0yl 055
5 ey Slilga 355 51 LS 0 Sl S Ve g
5 il alo eyt Lol SLhay el ) LS e

Y e . e
Sy 955 cgd Dygody D)5 (3 b sl

! Biometry
2 Tassel



9“ ...@‘)u@w)ﬁ

08 SSTn s S il 8 Jeu1 5 S b5k 56
oalS ol adie L g coais bl alS ibg o
Olea o5 (LS idg mhw 3 (S8L)s (e )y
L 522l Sl o - i Gdpeder (el e
25 SHSIn 5 (B Gde nj S ohga) SI
S yg3 odpdSy g prditens Gl 4 o oalS D
Lok 055l by s Sz -V 5 55 ool o
Campbell ) el g u....nL 30 Jelse (pl ppe Sloe
Jaé Job ,o .(@and Norman, 1998; Verhoef, 1984
5 S5 inbpled B Dad pglae lomis &5 0,
15 28,5 bl TSR Lawsgs 59, (mlidis, olels S o
Cog 99 Om sloaian lp (b adlil polie ¥ Joon
AW w).eﬁ u)b 6'.234.’94 gs“‘)?“’ Lg)L)).gdjyoJ )‘ ‘5”9.‘.4
oy Jad gl asas VE ol b bl VO Jaus 5o
Gromwsigd Jud il el cul Sas polae «)d
el 00 08,90 55 (V Wolre oo acwlze) 8,0
ol polae paal i3l SeSa gk pl o
Sl peiges Jol ada V0 &5 iudgy (Sanbsh 4l
Sly ol saal ¥ Jgax yo o] s ygd a5 o )5 0,91
Job ol di ot 5 0l Jad gloaiin 4l
SRl allis) oeSle e Culi jebay (o)d by
Sldas casl ool oold proxi pan alin jo by
sl 3, » Digimizer e 5 g pgas A3l
TSl ileans plSin o3 Wy S 5l sl
aili; pNll gileans 285 slxil ol aily,
: : : Y e.
Ssngal N JSE 5o ad 2l ohy gy Sany
sdal dc e )3 ibg 0 Sdog ol Ll Caxsg
ples 0lliws (ol b ailyg, (6 ,uSldl oilwacs ;o .l
O sblyy ples Sl Glojen jsbay Baa )8 a5y 03
(Sl paisad 5oy b e Bl gl 5 QLT Glagiy
W 5l g Ul Cendy Gl o e (B35
g 5l el s> s GRSk allysy xSk ) loanles

2 TSR: Total Solar Radiometer
% Insolation
4 Scanner

O Fwgisd a3 > olendgisd b iSly ol
3l ot daceadlg IS 5o (89 l5) an o slaailoSs,

5 se e i 58 5 | sla )l
Sl 03gi s § 9 W9t S o GBS ) Co b - Jgu

6}‘\)){459&3 ﬁ)sé )O U)\s
Table 1- One plant green leaves area and maize dry
biomass during the sampling period
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Figure 1- The scanner used for insolation simulation of
maize plants
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Table 2- List of weekly cumulative quantities of Full Spectrum Irradiation, IPAR,, (Intensity of Net Intercepted
Photosynthetically Active Radiation) and Daily average of maize canopy visible band reflectivity

Week Day After Weekly Full Spectrum ~ Daily average of maize Weekly
I'rradiation ( MJ ) canopy v_|s_|ble band IPAR, ( J )
Number Emergence m2. week reflectivity (%) "m?, week
3 14 239.032 19 87127164
4 21 219.812 22 77154012
5 28 235,516 29 75247362
6 35 217.690 15 83266425
7 42 205.274 12 81288504
8 49 182.166 10 73777230
9 56 185.931 11 74465366
10 63 204.091 11 81738446
11 70 192.617 11 77143109
12 77 192.866 11 77242833
13 84 185.935 11 74466968
14 91 179.127 11 71740364
15 98 177.081 11 70920941
16 105 175.490 11 70283745
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Table 3- Weekly values of maize canopy extinction coefficient, APAR (Absorbed Photosynthetically Active Radiation)
intensity and maize dry biomass per unit planting area
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coefficient w wel) area ()
3 14 0.50 2959712 9.7
4 21 0.50 7155721 26.6
5 28 0.51 10575248 382.1
6 35 0.55 49141074 210.6
7 42 0.59 65523989 303.0
8 49 0.66 69988627 65.7
9 56 0.68 71787037 165.5
10 63 0.70 79349087 96.9
11 70 0.70 75006410 1363.5
12 77 0.70 75193113 513.0
13 84 0.71 72651379 319.8
14 91 0.72 70173333 1.7
15 98 0.72 69392977 -263.0
16 105 0.66 66785054 -407.1
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Figure 3- The time graph of maize weekly radiation use efficiency during growing season
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Evaluation of NMME models in forecasting of monthly rainfall
(Case study: Sefidrood Basin)
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Abstract

Monthly rainfall forecasting plays a major role in the water resources management and agroclimatic studies. The
main purpose of this study is to assess the accuracy of NMME (North American Multi-Model Ensemble)
models in forecasting monthly rainfall in Sefidrood basin, North of Iran. For this purpose, the historical
predicted data of NMME models for the period 1982 to 2017 were retrieved from, University of Columbia
website, and compared with observed data obtained from the Iranian Meteorological Organization. The accuracy
of NMME models predictions was evaluated by comparing them with the observed data, using statistical
indices. The results showed that the single NMME model is not accurate, where the average value of
determination coefficient (R?) was equal to 0.6. The models combination improved the accuracy of predictions,
such that the determination coefficient increased to 0.7. Furthermore, for evaluation of the precipitation
uncertainty, seventy-eight ensembles of the prediction models were investigated. The results of this evaluation
showed that the models overestimated rainfall upto 80%. In addition, the uncertainty analysis of prediction
models showed that the combination of models may reduce the uncertainty range.

Keywords: Ensemble, Forecast, NMME, Uncertainty
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Comparison of precipitable water vapour data of ERA- Interim and
NCEP-NCAR with radiosonde obsevarions (Case of Shiraz Station)
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Abstract

Water vapor plays an important role in the atmospheric water balance and precipitation formation process in the
lower troposphere. In this study, trend of the total precipitable water vapor (TPWV) which is column-integrated
water vapor, is analyzed using radiosonde data of synoptic Shiraz station during the period 1990-2017. Beisides,
the TPWV data from the ERA- Interim of the ECMWF and NCEP-NCAR reanalysis datasets were retrived and
used for comparison. The Mann Kendall (M-K) test, showed no significant trend in TPW data for both
Radiosonde and ECMWEF data for all months, except for Radiosonde data of August. Generally a non-
significant decreasing trend in radiosonde time series of TPWV was observed for most of months. However,
both linear regression and M-K tests showed a significant increasing trend in annual TPW of NCEP-NCAR
data. The rate of decrease and increase in PW for Radiosonde and NCEP-NCAR data are 0.29 and 0.52 mm per
decade, respectively. For all months (except April), there is a positive significant Pearson correlation between
Radiosonde TPW series and ERA- Interim at 5% significance level. However, the Pearson correlation
coefficients were not significant for NCEP-NCAR. The root mean square error of PWV data and ERA- Interim
is generally smaller than NCEP-NCAR. The latter, showed an overestimation comparing to radiosonde. In
general, ERA- Interim data has higher accuracy and more agreement with observed Radiosonde data.
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Evaluation of the Impact of Climate Change on Temperature and
Precipitation of Rainfed Wheat Production in Kurdistan Province
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Abstract

Global warming has changed the pattern of temperature and precipitation distribution and will affect the
production of crops such as rainfed wheat. In current study, by using correlation analysis and Iterative Chi-
square analysis the wheat yield’s relationship with temperature and precipitation variables was determined, and
used to project the crop yield under climate change scenarios. The daily outputs of seven selected CMIP5
models under RCP8.5 scenario for the period 2045 to 2065 were used and corrected by Equidistant Cumulative
Distribution Function matching (EDCDFm) method. The results showed that precipitation at the time of
planting and during the flowering stage, the maximum temperature just before winter dormancy stage and
during the flowering, the minimum temperature of January and February months are the most significant factors
affecting the crop yield. The projected climatic conditions showed that the maximum temperature rise in
November, December, April, and May will be unfavorable for crop production. Increased both maximum and
minimum temperatures of months of January and February may provide more favorable conditions. Also, the
projection of precipitation indicated that decreased rainfall of April and May, would lead to unfavorable
moisture conditions. Unlike, increased precipitation in November could improve the moisture conditions at the
time of sowing which favors greater yield.
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Effect of tree species on greenhouse gases (CO,, CH,, N,O) emission from
soil in forest plantations
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Abstract

Increasing greenhouse gases accumulation in the Earth atmosphere, has been resulted in inclusive heating and as
a result of climate change. There are several ways to mitigate the effects of climate change. Increasing the forest
area via plantation, has considered as one of the ways to reduce the effects of global warming. The aim of this
study is to determine the effect of tree species on greenhouse gases (CO,, CH4, N,O) emission from soil under
various tree species in forest plantations (20 years old) with maple, alder, oak, poplar and cypress during two
seasons summer and winter in the northern forests of Iran. In order to perform this study, three chambers were
installed to collect gasses at a depth of 10 cm in each tree stands. The type and rate of emission of greenhouse
gases were determined by gas chromatography set-up. The results indicated that there is a significant difference
in CO,, CH,4 and N,O gases emission among various tree stands in the summer (P<0.01), while in the winter
only the emission of CO, had significant difference (P<0.05) in various sites. TOPSIS ranking indicated oak,
maple, cypress, alder and poplar respectively, are the best tree considering lower greenhouse gases emission in
this area. It is necessary to consider this issue as an effective alternative on climate change for forest
development in the future.

Keywords: Climate change, forested trees, forest plantation, methane, soil.
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Study of climate change and land use effects on spatial distribution of
maize cultivation regions in Khuzestan Province
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Abstract

Climate change is a major challenge for ecosystems and in particular, its impact on agriculture varies depending
on regional characteristic and farming systems. Hence new challenges for production are emerging which
should be carefully examined. The aim if this study is to project future spatial changes in current maize
producing regions of Khuzestan Province, southwest of Iran under RCP scenarios by 2050s. The applied
methodology is based on agro-ecological classification. This classification approach consists of combining two
groups of environmental components including climatic (temperature under different scenarios) and non-
climatic (land use) components including soil, slope, irrigated land, and type of farm management, by using the
analytic hierarchy process. The baseline and future climate data were retrieved from the WorldClim database
and ensembles for RCP 2.6, RCP 4.5 and RCP 6 for 12 selected GCMs. Results suggested that by 2050, the
regions suitable for growing maize will be reduced by 65% in AEZ1 and by 36% in AEZ2.Maize will be grown
mainly in the northwestern regions, and the southeastern regions will lose their suitability for maize cultivation.
Presently, the southeastern region of the province is the main production area, in which the continuous growing
of maize would be almost impossible under future climatic conditions.
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Estimation of weekly radiation-use efficiency of maize under potential
production conditions
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Abstract

The aim of this study is obtaining continuous weekly values of maize RUE by novel in-situ measurements of
radiation. A semi-maturing cultivar of maize was cultivated in University of Tehran research farm in Karaj. Dry
biomass and leaf area index were measured during 15 consecutive weeks of growing season. Then, based on in-
situ complete pyrheliometry, by using insulation simulation and image processing, daily average of maize
canopy reflectivity, extinction coefficient and the absorbed visible light of the canopy were estimated using a
multi-layer model. During growing season infield continuous measurement of full spectrum irradiation, was
measured continuously by TSR for all daylight hours. The diurnal insolation was simulated for that plant by an
angular scanner (illuminator) during night time between 21:00 to 21:30 hrs. By applying an image processing
technique, the visible band reflectivity of maize cover was estimated for the first seven weeks of study period.
The measurements were continued till full closure of canopy and 12 different weekly values of RUE were
calculated using the field measured data. The proposed approach allows generating continuous graph of RUE
values. The research results indicate that even in the potential production conditions, using a constant value of
radiation use efficiency for entire growing season of maize is not possible. During the growing season, the range
of maize radiation-use efficiency reached 36.1 g/MJ, but the weekly values median of this quantity was equal to
3.5 g/MJ, which its occurrence probability in half of the growing season is 100%.

Keywords: Biomass, Extinction coefficient, Growing season, Plant canopy, Photosynthetically Active
Radiation
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