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Abbreviations  

5YA Five-year average, the average for the four-month period from July to October of for 
2018-2022; one of the standard reference periods. 

15YA Fifteen-year average, the average for the four-month period from July to October 
for 2008-2022; one of the standard reference periods and typically referred to as 
άŀǾŜǊŀƎŜέΦ 

AEZ Agro-Ecological Zone 
BIOMSS CropWatch agroclimatic indicator for biomass production potential 
BOM Australian Bureau of Meteorology 
CALF Cropped Arable Land Fraction 
CAS Chinese Academy of Sciences 
CWAI CropWatch Agroclimatic Indicator 
CWSU CropWatch Spatial Units 
CPI Crop Production Index 
DM Dry matter 
EC/JRC European Commission Joint Research Centre 
ENSO EI Niño Southern Oscillation 
FAO Food and Agriculture Organization of the United Nations 
GAUL Global Administrative Units Layer 
GVG GPS, Video, and GIS data 
Ha hectare 
Kcal kilocalorie 
MPZ Major Production Zone 
MRU Mapping and Reporting Unit 
NDVI Normalized Difference Vegetation Index 
OISST Optimum Interpolation Sea Surface Temperature 
PAR Photosynthetically active radiation 
PET Potential Evapotranspiration 
AIR CAS Aerospace Information Research Institute 
RADPAR CropWatch PAR agroclimatic indicator 
RAIN CropWatch rainfall agroclimatic indicator 
SOI Southern Oscillation Index 
TEMP CropWatch air temperature agroclimatic indicator 
Tonne Thousand kilograms 
VCIx CropWatch maximum Vegetation Condition Index 
VHI CropWatch Vegetation Health Index 
VHIn CropWatch minimum Vegetation Health Index 
W/m2 Watt per square meter 
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Executive summary  

The current CropWatch bulletin describes world-wide crop condition and food production as appraised 
by data up to the end of October 2023. It is prepared by an international team coordinated by the 
Aerospace Information Research Institute, Chinese Academy of Sciences.  
The assessment is based mainly on remotely sensed data. It covers prevailing agri-climatic conditions, 
including extreme factors, at different spatial scales, starting with global patterns in Chapter 1. Chapter 2 
focuses on agroclimatic and agronomic conditions in major production zones in all continents. Chapter 3 
covers the major agricultural countries that comprise at least 80% of production and exports (the "core 
countries") while chapter 4 zooms into China. Special attention is paid to the production outlook of main 
crop producing and exporting countries where major cereal and oil crops (maize, rice, wheat and soybean) 
are harvested this year or currently still in the field. Subsequent sections of Chapter 5 describe the global 
disasters that occurred from July to October 2023.  
Agroclimatic conditions  
During this monitoring period, new temperature records were observed. October, the last month of this 
monitoring period, was the fifth consecutive month of record-warm global temperatures. Despite of the 
warmer temperatures, crop losses were limited, mainly due to a change in precipitation patterns caused 
by the transition from La Niña to El Niño. One of the few regions affected by severe drought and extremely 
high temperatures was the Amazon basin and adjacent Mato Grosso in Brazil. Never in the 120 years since 
measurements of water levels of the Rio Negro at Manaus began, have water levels been that low. 
Deforestation, El Niño and climate change are the culprits. The current drought and heat wave are also 
impacting the sowing of the soybean crop in Mato Grosso.  
Global crop production situation  
Since 2021, the CPI has remained below 1.0 for three consecutive years, indicating that frequent extreme 
events caused by climate change have constrained stable increases in global and regional grain production. 
In 2023, the global CPI from July to October (0.972) is still at a lower level within the past 11 years, it has 
shown a slight improvement compared to the same period in 2022 (CPI=0.970). 
Maize: Agroclimatic conditions have been favorable in most of the world's major maize exporting countries 
in 2023. CropWatch estimates that global maize production increases by 2.4% to 1,069 million tonnes.  The 
largest increases come from the three main producers: USA (+12.8 million tonnes), followed by Brazil (+9.4 
million tonnes) and China (+5.6 million tonnes). After a mixed start of the growing season caused by low 
rainfall, conditions greatly inproved in the USA during this monitoring period. China's maize production 
increased by 2.4% due to the expansion of the maize cultivation area. Brazil experienced a decrease in the 
first-season maize and an expansion of planting areas for the second-season maize, boosting total maize 
production to reach 100.68 million tonnes. Compared to the extremely hot and dry conditions in 2022, 
Europe's important maize-producing countries generally enjoyed favorable weather conditions in 2023. 
Only Romania was affected by drought conditions. The sharpest decline was estimated for India, where 
flooding decreased the area and yield, leading to a decline in production by 9.1% to 17.1 million tonnes. 
Rice: Most rice-producing countries experienced a slight decrease, resulting in global rice production of 
троΦпм Ƴƛƭƭƛƻƴ ǘƻƴƴŜǎΣ ǿƘƛŎƘ ƛǎ лΦо҈ ōŜƭƻǿ ƭŀǎǘ ȅŜŀǊΩǎ ƭŜǾŜƭΦ !ǎ ǘƘŜ ǿƻǊƭŘϥǎ ƭŀǊƎŜǎǘ ǊƛŎŜ ǇǊƻŘǳŎŜǊΣ /Ƙƛƴŀ ƛǎ 
expected at 195.813 million tonnes, a slight increase of 0.2%, mainly due to the recovery from the last 
year's extremely high temperature and drought in the Yangtze River Basin, prompting an increase in 
production of mid- and late-stage rice. In India and Pakistan, a late onset of the monsoon season and 
irregular rainfall patterns caused brief periods of drought, but also flooding conditions, causing yield losses. 
However, in Pakistan, conditions were still better than last year, causing an increase in production by 11.8%. 
For most of Southeast Asia, slight yield reductions are estimated, with the exception of Cambodia (+5.4%). 
The United States (+5.7%) and Nigeria (+12.1%) also saw varying degrees of increased rice production. 
Overall, the global rice production remained stable. 

²heat: The production for major wheat-producing countries varied significantly. The total wheat 
production in the main producing countries was almost stable, but the total production of other countries 
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has decreased by a large margin. The global wheat production in 2023 is estimated to be 732.84 million 
tonnes, down by 1.0%. It has been reduced for the third consecutive year and reached the lowest level in 
the past five years. Wheat in the Northern Hemisphere countries has been mainly harvested from June to 
September, and the production is in line with the August 2023 monitoring results. Overall, wheat 
production recovered in East Africa, while it decreased in many Central Asian countries. In the Southern 
Hemisphere, affected by lower rainfall, both wheat cultivated area and yields in Australia fell sharply, with 
production declining by 26.2%; on the contrary, agroclimatic conditions in the other wheat-producing 
regions were generally normal, leading to production increases in Brazil (+6.9%) and South Africa (+2.8%). 
Frequent rainfall during the harvest season caused some quality issues due to sprouting in Germany, 
Poland and Kazakhstan. Good rainfall in the winter wheat production regions of Europe and Asia in October 
helped with the germination and establishment of the new crop.  

Soybean: Global soybean production in 2023 is expected to be 318.13 million tonnes, a reduction of 
0.6%. The southern hemisphere soybean production increased, but the difference between the 
production in Brazil and Argentina is stark. Soybean production in Argentina was significantly reduced by 
18.9%, while Brazil increased by 12.1%, and the cumulative production of soybeans in the two countries 
increased by 1.71 million tonnes. The northern hemisphere soybean acreage declined, resulting in an 
overall reduction in soybean production. The United States witnessed favorable agro-climatic conditions 
during the soybean growth period, with suitable moisture and temperature contributing to favorable 
yields. However, due to the reduction in cultivated area, production decreased by 1.2%. China's soybean 
acreage shrinkage led to a 5.6% decrease in soybean production; India's and Canada's soybean 
production increased by 3.8% and 0.6%, respectively, while Russia's soybean production decreased 
slightly by 0.4%. The cumulative decrease of 2.82 million tonnes in soybean production in the Northern 
Hemisphere exceeded the increase in the Southern Hemisphere, resulting in a global soybean production 
decrease of 0.6%. 
All in all, CropWatch estimates that the global production of maize, rice, wheat and soybean in 2023 will 
reach 2.874 billion tonnes, an increase of approximately 14.14 million tonnes or about 0.50% 



 

Chapter 1. Global agroclimatic patterns  

Chapter 1 describes the CropWatch Agroclimatic Indicators (CWAIs) rainfall (RAIN), temperature (TEMP), 

and radiation (RADPAR), along with the agronomic indicator for potential biomass (BIOMSS) in 105 global 

Monitoring and Reporting Units (MRU). RAIN, TEMP, RADPAR and BIOMSS are compared to their average 

ǾŀƭǳŜ ŦƻǊ ǘƘŜ ǎŀƳŜ ǇŜǊƛƻŘ ƻǾŜǊ ǘƘŜ ƭŀǎǘ ŦƛŦǘŜŜƴ ȅŜŀǊǎ όŎŀƭƭŜŘ ǘƘŜ άŀǾŜǊŀƎŜέύΦ LƴŘƛŎŀǘƻǊ ǾŀƭǳŜǎ ŦƻǊ ŀƭƭ aw¦ǎ 

are included in Annex A table A.1. For more information about the MRUs and indicators, please see Annex 

B and online CropWatch resources at www.cropwatch.com.cn. Compared to the previous bulletin, some 

of the larger MRU with several different phenology and agroclimatic conditions have been subdivided. Thus, 

the number of MRU was increased by 40 in this bullletin. 

1.1 Introduction to CropWatch agroclimatic indicators (CWAIs)  

This bulletin describes environmental and crop growth conditions over the period from July 2023  to 

October 2023, JASO, referred to as "reporting period". CWAIs are averages of climatic variables over 

agricultural areas only inside each MRU and serve the purpose of identifying global climatic patterns. For 

instance, in the "Sahara to Afghan desert" MRU, only the Nile Valley and other cropped areas are 

considered. MRUs are listed in Annex B. Refer to Annex A for definitions and to table A.1 for 2023 JASO 

numeric values of CWAIs by MRU. Although they are expressed in the same units as the corresponding 

climatological variables, CWAIs are spatial averages limited to agricultural land and weighted by the 

agricultural production potential inside each area.  

We also stress that the reference period, referred to as "average" in this bulletin covers the 15-year period 

from 2008 to 2022. Although departures from the 2008-2022 are not anomalies (which, strictly, refer to a 

"normal period" of 30 years), we nevertheless use that terminology. The specific reason why CropWatch 

refers to the most recent 15 years is our focus on agriculture, as already mentioned in the previous 

paragraph. 15 years is deemed an acceptable compromise between climatological significance and 

agricultural significance: agriculture responds much faster to persistent climate variability than 30 years, 

which is a full generation. For "biological" (agronomic) indicators used in subsequent chapters we adopt 

an even shorter reference period of 5 years (i.e., 2018-2022). This makes provision for the fast response of 

markets to changes in supply.  

Correlations between variables (RAIN, TEMP, RADPAR and BIOMSS) at MRU scale derive directly from 

climatology. For instance, the positive correlation between rainfall and temperature results from high 

rainfall in equatorial, i.e., in warm areas.  

Considering the size of the areas covered in this section, even small departures may have dramatic effects 

on vegetation and agriculture due to the within-zone spatial variability of weather. It is important to note 

that we have adopted an improved calculation procedure of the biomass production potential in the 

bulletin based on previous evaluation. 

1.2 Global overview  

October, the last month of this monitoring period, was the fifth consecutive month of record-warm global 

temperatures. According to the National and Oceanic Atmospheric Administration (NOAA), there is a 

greater than 99% probability that 2023 will rank as the warmest year on record. From January to October, 

the largest positive temperature departures were observed all the way from the South of the USA to 
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Patagonia in South America, the Maghreb, Eastern Europe, a belt along the equator in Africa and Eastern 

China. Near average temperatures were observed only in the Western USA.  

The onset of El Niño changed some global rainfall patterns. Argentina and Eastern Africa, which 
experienced strong rainfall deficits until mid 2023, started to receive higher precipitation, causing flooding 
in Ethiopia, Kenya and Somalia. The people in these countries are going through crisis upon crisis. 

1.3 Rainfall  

 

Figure 1.1 Global map of rainfall anomaly (as indicated by the RAIN indicator) by CropWatch Mapping and Reporting 

Unit: Departure of July 2023 to October 2023 total from 2008-2022 average (15YA), in percent. 

In South America, the pattern of the rainfall deficit changed from the previous report. Paraguay, Uruguay, 

southern Argentina and Chile received average to above average rainfall, while a rainfall deficit had been 

recorded before. The Andes in Bolivia, Peru, and Ecuador, as well as the Amazon basin, Central and 

Northeastern Brazil, had a strong rainfall deficit of more than -30%. Conditions in Central America were 

average. The Mexican Highlands, as well as the western USA and the Southern High Plains, had a strong 

rainfall deficit (<-30%). The only exception was the West Coast, where rainfall was average. In the northern 

High Plains of USA, as well as the Canadian Prairies, the deficit ranged from -10 to -30%.  Most of the 

Midwest and the East of the USA received normal precipitation. The strongest deficit was observed for East 

Africa, and the countries North of the Sahel. Only south-east Africa had average to above precipitation. In 

the Levant, the drought conditions continued, with a rainfall deficit greater than -30%. In the Caucasus and 

Central Asia, apart from Afghanistan, the situation had improved to above average (+10 to +30%) and more. 

The Ural region in Russia, as well as Kazakhstan, South Asia, South-East Asia and Eastern China had average 

to above average precipitation. In Australia, a strong rainfall deficit, greater than -30%, was observed for 

all crop production regions, apart from the southwest of Australia, where the deficit ranged from -10 to 

30%. 
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1.4 Temperatures  

 

Figure 1.2 Global map of temperature anomaly (as indicated by the TEMP indicator) by CropWatch Mapping and 
Reporting , Unit: departure of July 2023 to October 2023 average from 2008-2022 average (15YA), in °C. 

Except for the Cape Province in South Africa, all land surfaces experienced average or above temperatures 

ranging from 0.5 to 1.5ºC above the 15YA. The strongest positive departures of +1.5ºC or more were 

recorded for the Amazon Basin and the Mexican Highlands. Much warmer temperatures (>+1.5ºC) were 

recorded for Central Europe, the Levant, Eastern Siberia, and the North China Plain. In Southern Africa, as 

well as the South of Argentina, Chile and the West Coast of the USA, South Asia and northern Siberia, 

temperatures were close to the long-term average. 

1.5 RADPAR  

 

Figure 1.3 Global map of photosynthetically active radiation anomaly (as indicated by the RADPAR indicator) by 
CropWatch Mapping and Reporting Unit: departure of July 2023 to October 2023 average from 2008-2022 average 

(15YA), in percent. 

In South America, only the northeast of Brazil had above average solar radiation by more than +3%. The 

same regions in South America that received above-average precipitation had below-average solar 

radiation by more than -3%. In the other areas of South America, the radiation was average, as well as in 

Central America and the southern United States. The Mexican Highlands and the Southeast of the USA had 

above average solar radiation (+1 to +3%), whereas in the West and the Southern Plains of the USA, solar 

radiation was average. The West Coast, as well as the Midwest and Northeast of the USA, Quebec, Ontario, 

and the Canadian Prairies, had below-average radiation by more than -3%. In all of the other regions of 

North America, solar radiation was reduced by -1 to -3%. A reduction in solar radiation by -1 to -3% was 
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also observed for the southeast of Africa. In the African countries along the equator, solar radiation was 

above average. Western Europe had average solar radiation, whereas in Eastern Europe, it was above 

average. In the Middle East and Central Asia, it was below average by -1 to -3%. In South and Southeast 

Asia and the North China Plain, solar radiation was above average by more than +3%. In Southeast China, 

it was below average by -1 to -3%. Positive departures were recorded for the Malay Archipelago and all of 

Australia. 

1.6 BIOMSS 

 

Figure 1.4 Global map of biomass accumulation (as indicated by the BIOMSS indicator) by CropWatch Mapping and 
Reporting Unit: departure of July 2023 to October 2023 average from 2008-2022 average (15YA), in percent. 

Estimated biomass production was by more than 5% below average in almost all of the Americas. This was 

mainly due to a rainfall deficit. The regions with positive departures were Patagonia, all of Chile, and the 

West coast of the USA. The Midwest and north-eastern regions of the USA had average biomass production. 

In Africa, the biomass anomaly map also matched the rainfall departure map. Only the southeast of Africa 

had positive departures in biomass estimates. Scandinavia and most of Western Europe, apart from the 

Iberian Peninsula, had a positive departure of biomass by more than +5%. For the European regions of 

Russia, a negative departure by -2 to -5% had been estimated. In Central Asia, the Ural, the Indo-Gangetic 

Plain, East and Southeast Asia, a positive departure had been estimated as well. For the Malayan 

Archipelago, a negative departure by -2 to -5% had been calculated, whereas for Australia, the negative 

departure was even stronger (<-5%). 
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Chapter  2. Crop  and  environmental  

conditions  in major  production  zones 

Chapter 2 presents the same indicatorsτRAIN, TEMP, RADPAR, and BIOMSSτ as those used in 

Chapter 1, and combines them with the agronomic indicatorsτcropped arable land fraction (CALF), 

maximum vegetation condition index (VCIx), and minimum vegetation health index (VHIn)τ to 

describe crop condition in six Major Production Zones (MPZ) across all continents. For more 

information about these zones and methodologies used, see the quick reference guide in Annex B 

as well as the CropWatch bulletin online resources at 

http://www.cropwatch.com.cn/htm/en/bullAction!showBulletin.action#. 

2.1 Overview  

Tables 2.1 and 2.2 present an overview of the agroclimatic (Table 2.1) and agronomic (Table 2.2) 

indicators for each of the six MPZs, comparing the indicators to their fifteen and five-year averages, 

respectively. The text mostly refers simply to "average" with the averaging period implied. 

Table 2.1 Agroclimatic indicators by Major Production Zone, current value and departure from 15YA (July-
October 2023) 

 RAIN TEMP RADPAR BIOMSS 

 Current 

(mm) 

Departure 

from 

15YA (%) 

Current 

(°C) 

Departure 

from 15YA 

(°C) 

Current 

(MJ/m2) 

Departure 

from 

15YA (%) 

Current 

(gDM/m2) 

Departure 

from 

15YA (%) 

West 

Africa 
776 -16 26.0 1.2 1149 5 1159 -11 

North 

America 
265 -24 21.4 0.9 1126 -1 751 -13 

South 

America 
289 -16 20.5 0.9 972 -5 611 -17 

S. and SE 

Asia 
1360 1 26.0 0.6 1134 5 1396 2 

Western 

Europe 
361 19 17.2 1.3 961 0 793 5 

Central 

Europe 

and W. 

Russia 

227 -10 16.6 1.4 911 3 649 -5 

Note: Departures are expressed in relative terms (percentage) for all variables, except for temperature, for which absolute 

departure in degrees Celsius is given. Zero means no change from the average value; relative departures are calculated as (C-

R)/R*100, with C=current value and R=reference value, which is the fifteen-year average (15YA) for the same period (July-October) 

for 2008-2022. 
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Table 2.2 Agronomic indicators by Major Production Zone, current season values and departure from 5YA 

(July-October 2023) 

 CALF (Cropped arable land 

fraction) 
Cropping Intensity 

Maximum 

VCI 

 Current (%) Departure from 

5YA (%) 

Current (%) Departure from 

5YA (%) 

Current 

West Africa 98 1  129 -4 0.93  

North America 95 2  109 1 0.87  

South America 87 -1  134 3 0.82  

S. and SE Asia 96 0  153 1 0.89  

Western Europe 90 0  134 2 0.86  

Central Europe 

and W Russia 
96 1  120 2 0.84 

Note: See note for Table 2.1, with reference value R defined as the five-year average (5YA) for the same period (July-October) for 

2018-2022. 

2.2 West Africa  

The report covers agroclimatic indicators of 11 countries in the West African Region (MPZ) 

characterized by the main rainy season. Planting of maize, sorghum, millet, and rice under both 

rainfed and irrigated conditions started in July. Tuber crops such as yam were being harvested, 

while rice harvest is expected to extend into December and January. Based on the CropWatch 

agroclimatic indicators of the MPZ, average rainfall was below the 15YA (RAIN -16%), whereas 

the temperature and the RADPAR were above the 15YA (TEMP +1.2%, RADPAR +5%), however 

the estimated biomass decreased (BIOMSS -11%). CALF was increased by 0.9% compared with 

the 5YA, reaching 98% and the VCIx of the MPZ was 0.93. 

For individual countries in the MPZ, increased rainfall was observed in Equatorial Guinea (RAIN 

+17%), Guinea Bissau (RAIN +7%), Liberia (RAIN +5%) and Gabon (RAIN +2%) while reduction in 

rainfall occurred in Burkina Faso (RAIN -43%), Nigeria (RAIN -28%), Togo (RAIN -23%), Ghana (-

14%), Sierra Leone (RAIN -11%), Cote d Ivoire (RAIN -10%). These country-specific deviations in 

rainfall are reflected in the spatial distribution of rainfall profiles: Nigeria and Burkina Faso were 

severely affected by the rainfall deficit. Despite the regional solar radiation being above average 

(RADPAR +5%), the rainfall deficits caused a below average estimation of potential biomass in 

Burkina Faso (BIOMASS -26%), Nigeria (BIOMASS -20%), Togo (BIOMASS -11%) Ghana (BIOMASS -

6%), and Côte d'Ivoire (BIOMASS -2%). Based on the VCIx map, the MPZ experienced good crop 

condition (VCIx >0.8) however, the vegetation health index (VHI) map depicts a spatial and 

temporal pattern affected by moderate to severe drought conditions.  At the regional level, the 

cropped arable land fraction slightly increased (CALF +0.9%), while at the country level, the 

lowest CALF values were above 93%, which could be attributed to the generally wet 

environments. 
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Rainfall deficits limited crop production in the north-eastern regions of this MPZ, especially in 

Burkina Faso and Nigeria. In the other regions, rainfall was close to average levels, causing 

normal crop conditions. 

Figure 2.1 West Africa MPZ: Agroclimatic and agronomic indicators, July to October 2023. 

 

a. Spatial distribution of rainfall profiles b. Profiles of rainfall departure from average (mm) 

 

c. Spatial distribution of temperature profiles d. Profiles of temperature departure from average (mm) 

 

e. Maximum VCI 

 

 

f. Cropped arable land 

 

g. Biomass accumulation potential departure 

 

h. VHI minimum 

Note: For more information about the indicators, see Annex B. 

2.3 North America  

This report covers the flowering, grain filling, and maturity stages of maize and soybeans. Spring 

wheat was harvested in August in the northern United States and Canada. Overall, conditions in 

the Southern Plains were exceptionally dry and hot, while the eastern region experienced more 

favorable conditions. 
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As a whole, dry and hot weather prevailed in the main production areas of North America, with 

ǊŀƛƴŦŀƭƭ ŀƴŘ w!5t!w ōƻǘƘ ōŜƭƻǿ ŀǾŜǊŀƎŜ όɲw!Lb -нп҈Σ ɲw!5t!w -м҈ύΣ ŀƴŘ ǘŜƳǇŜǊŀǘǳǊŜǎόɲ¢9at 

+0.9°C) higher than the 15-year average . Affected by the rainfall deficit and high temperatures, 

ŜǎǘƛƳŀǘŜŘ ōƛƻƳŀǎǎ ǿŀǎ ōŜƭƻǿ ŀǾŜǊŀƎŜ όɲ.Lha{{ -12%). However, agricultural meteorological 

conditions showed high spatial variability. The Lower Mississippi and the area from the Canadian 

Prairies to the Southern Plains experienced below-average rainfall throughout the reporting 

period, along with a significant warming trend. This resulted in a below-the-15YA estimate of 

potential biomass (BIOMSS -20%). The Corn Belt also experienced dry and hot weather, with 

potential biomass close to the average. Abundant rainfall in early August effectively replenished 

soil moisture for maize and soybeans at the flowering and filling stages and facilitated yield 

formation. After August, as maize and soybeans entered the maturity and harvest stage, the 

slightly below-the-15YA rainfall created good conditions for harvest. 

The VHIm reflected drought conditions in the Canadian Prairies, Northern Corn Belt, and Southern 

Plains during the reporting period. The VCIx reached 0.86, with poor crop conditions observed in 

the southern parts of the Canadian Prairies and Southern Plains, while favorable conditions were 

observed in the Corn Belt. Compared to the 5-year average, higher average CALF (+2%) was 

observed for the whole region. 

In summary, the CropWatch assessment indicates poor crop conditions in the Southern Plains and 

average crop conditions in the Corn Belt. 

Figure 2.2 North America MPZ: Agroclimatic and agronomic indicators, July to October 2023. 

 

a. Spatial distribution of rainfall profiles b. Profiles of rainfall departure from average (mm) 

 

c. Spatial distribution of temperature profiles d. Profiles of temperature departure from average (mm) 
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e. Biomass accumulation potential departure 

 

 

f. Maximum VCI 

 

g. Cropped and uncropped arable land 

 

h. VHI minimum 

Note: For more information about the indicators, see Annex B.  

2.4 South America  

The South and Southeast Asia MPZ includes India, Bangladesh, Cambodia, Myanmar, Nepal, 

Thailand, Laos, and Vietnam. This monitoring period covers the growth and harvest period of 

summer rice, maize, and soybean. 

The reporting period covers the main growing period of winter crops in humid areas and the 

planting of early maize and rice. Part of the period is fallow period for summer crops. Conditions 

were close to normal in most of the Major Production Zones (MPZ), but some indices (CALF and 

VCIx) showed poor conditions in West Pampas, East Subtropical highlands and North West 

Chaco. North of Brazilian agricultural area (Mato Grosso, Mato Grosso do Sul, Goias, Minas 

Gerais and Sao Paulo) showed also anomalies in temperature and rain, as well as low BIOMSS 

values. 

Spatial distribution of rainfall profiles showed five different patterns. A stable pattern with near 

no anomalies (dark green profile) was observed in most of Argentina's agricultural area (most of 

Pampas, Subtropical Highlands and Chaco), and Uruguay. A pattern with near no anomalies 

during almost the entire period, and a strong positive anomaly at the end of October (red profile) 

was observed in North East Pampas and South Mesopotamia in Argentina and West Uruguay. 

Two similar patterns with strong positive anomalies at the beginning of September and during 

October (Orange and Light green profiles) were observed in North Mesopotamia in Argentina, 

South East Paraguay and North Rio Grande do Sul, Santa Catarina and Parana states in Brazil.  

Finally, a pattern with near no anomalies up to August and negative anomalies in September 

(blue profile) and October was observed in Mato Grosso, Mato Grosso do Sul, Goias, Minas 

Gerais and Sao Paulo in Brazil. Trends in precipitation anomalies need to be considered, as the 

nmorth of the MPZ showed a tendency to decrease at the end of the reporting period (possible 

drying process) and the center of the MPZ showed a tendency to increase precipitation (possible 

recovery process). 
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Temperature profiles showed four homogeneous patterns located approximately in a North-

South gradient. Northern agricultural areas, including states of Mato Grosso, Goias and Minas 

Gerais in Brazil, showed a profile with near +2°C anomalies from July to the beginning of 

September and an increment during mid-September and October showing positive anomalies of 

near +5°C (orange profile). A similar profile but with higher anomalies (near +4°C) during the end 

of July, August and the beginning of September (blue profile) was observed in Mato Grosso do 

Sul, Sao Paulo and North Parana states in Brazil. The other two profiles (dark and light green) 

showed negative and positive anomalies. Both profiles showed negative anomalies of nearly -2°C 

in mid-July and positive anomalies of nearly +3°C during the end of July and beginning of August. 

The dark green profile showed positive anomalies during September, while the light green profile 

showed nearly no anomalies during September and October. A dark green profile covers East 

Paraguay, North Mesopotamia in Argentina and in South Parana and Santa Catarina states in 

Brazil. The light green profile was observed for the rest of Argentina, Uruguay and Rio Grande do 

Sul state in Brazil. 

The CALF map showed several uncropped areas in Center and West Pampas, Chaco, and East 

Subtropical Highlands in Argentina, reflecting the typical sparse planting of winter crops in drier 

areas like West Pampas, West Subtropical Highlands and North East Chaco, but also reflecting 

reduced planting of winter crops or a delay in the planting of summer crops in some of the 

humid areas like Center Pampas and South Chaco. North of the MPZ (Mato Grosso and Goias 

states in Brazil) also showed uncropped areas but in a much lower magnitude. 

BIOMSS showed strong negative anomalies (lower than -20 %) in Mato Grosso, Mato Grosso do 

Sul, Goias, Minas Gerais, Sao Paulo and North Parana states in Brazil. Most of the Pampas in 

Argentina showed regular to strong negative anomalies. The rest of the MPZ showed good 

conditions in BIOMSS with positive anomalies. 

Maximum VCI showed poor conditions in Center and West Pampas and Chaco in Argentina. 

Excep for some areas in Mato Grosso and Minas Gerais in Brazil, the rest of the MPZ showed 

good conditions for VCIx. 

In summary, several indices showed poor conditions in part of Pampas, Chaco and Subtropical 

Highlands in Argentina (CALF and VCIx). Pampas also showed poor conditions in BIOMSS.  North 

of Brazilian agricultural area, including Mato Grosso, Mato Grosso do Sul, Goias Sao Paulo, and 

Minas Gerais states, need to be carefully watched, because poor conditions were also observed 

in some indices: high positive temperature anomalies, negative precipitation anomalies at the 

end of the reporting period, and strong negative anomalies in BIOMSS. 
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Figure 2.3 South America MPZ: Agroclimatic and agronomic indicators, July to October 2023. 

 

a. Spatial distribution of rainfall profiles b. Profiles of rainfall departure from average (mm) 

 

c. Spatial distribution of temperature profiles d. Profiles of temperature departure from average (mm) 

 

e. Maximum VCI 

 

f. Cropped arable land 
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g. Biomass accumulation potential departure  

Note: For more information about the indicators, see Annex B. 

2.5 South and Southeast Asia  

The South and Southeast Asia MPZ includes India, Bangladesh, Cambodia, Myanmar, Nepal, 

Thailand, Laos, and Vietnam. This monitoring period covers the growth and harvest period of 

summer rice, maize, and soybean. 

According to the agroclimatic indicators, the accumulated precipitation and the temperature 

were slightly above the average (ÎRAIN +1%, ÎTEMP +0.6ō). Meanwhile, RADPAR was above 

the average (ÎRADPAR +5%), which led to an increase in the potential biomass production 

όɲ.Lha{{ Ҍн҈ύΦ ¢ƘŜ /![C ƻŦ фс҈Σ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ƛƴ Ƴƻǎǘ ŀǊŜŀǎ ƻŦ ǘƘŜ at½Σ ŎǊƻǇǎ ǿŜǊŜ ŎǳƭǘƛǾŀǘŜŘΦ 

The CALF was similar to the values observed during the past five years. In addition, VCIx of the 

MPZ was 0.89, indicating that the crops were growing well. 

Throughout the entire monitoring period, the spatial distribution of rainfall profiles indicates that 

the precipitation for 47.4% of the MPZ (northern and southern India, Myanmar, Thailand, 

Cambodia, and Vietnam) was close to the 15YA. Additionally, 10% of the MPZ, covering northern 

and eastern India, Nepal, Myanmar, and Vietnam, experienced precipitation levels below the 

15YA. During the monitoring period, the precipitation for 16.6% of the MPZ (northern and 

eastern India, Bangladesh, Myanmar, Thailand, Laos, and northern Vietnam) fluctuated between 

the mean and above-average levels. Around 14.9% of the MPZ (mainly in southeastern and 

northwestern India) experienced intense precipitation in late July, which caused flooding 

conditions. Other regions (accounting for 11.1% of the MPZ) showed rainfall conditions with 

strong fluctuations, mainly in the western and western coastal areas of India. 

Based on the spatial distribution of temperature profiles observed throughout the entire 

monitoring period, it was found that the average temperature in 2.2% of the MPZ, specifically in 

Nepal, was significantly above the 15YA. Moreover, in 24.4% of the MPZ, which includes eastern 

and southern India, Myanmar, Thailand, Cambodia, and Vietnam, the average temperature was 

slightly above the average. The average temperature in 56.9% of the MPZ (India, Bangladesh, 

south Myanmar, Thailand, Cambodia, and Vietnam) was close to the average. The average 

temperature in 16.4% of the MPZ (mainly in northwestern India) was below the 15YA during the 

monitoring period but slightly above the average in early September and late October. 
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The BIOMASS departure map illustrates that the potential biomass mainly in northern India and 

Nepal exceeded the historical average for the same period by 20%. Conversely, the potential 

biomass in the southern part of India was observed to be below the average level. The Maximum 

VCI shows that the index was below 0.5 in the southern and western parts of India and some 

scattered regions. The VHI Minimum map shows that most of the MPZ was temporarily impacted 

by drought, except for southern and western India, northern Myanmar, eastern Thailand, and 

some scattered regions. The CALF map indicates that a substantial portion of the arable land in 

the MPZ was planted, and the uncultivated arable land was scattered mainly in southern and 

western India. 

Overall, the crop conditions in the MPZ are expected to be favorable. 

Figure 2.4 South and Southeast Asia MPZ: Agroclimatic and agronomic indicators, July to October 2023. 

 

a. Spatial distribution of rainfall profiles b. Profiles of rainfall departure from average (mm) 

 

c. Spatial distribution of temperature profiles d. Profiles of temperature departure from average (mm) 

 
e. Maximum VCI 

 

f. Cropped arable land 
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g. Biomass accumulation potential departure 

 

h. VHI minimum 

Note: For more information about the indicators, see Annex B. 

2.6 Western Europe  

This period covers the key growing and harvesting periods periods of summer crops, and the 

sowing of winter crops in the major production zone (MPZ) of Western Europe. Most of the crops 

in this MPZ are mainly rain-fed crops, and changes in agrometeorological conditions severely affect 

the growth of these crops. Generally, most parts of Germany, France, and UK had sufficient 

precipitation and warmer-than-usual conditions, while parts of Spain and Italy experienced high 

temperatures and rainfall deficits. Crop conditions were above average in most parts of this MPZ 

based on the interpretation of agro-climatic and agronomic indicators monitored by Cropwatch 

(Figure 2.5). 

CropWatch agroclimatic indicators show that the persistent precipitation deficit that had been 

observed during the last year ended during this monitoring period. Precipitation was significantly 

above average (+19%). According to the spatial distribution of rainfall profiles, the spatial and 

temporal distribution of rainfall varied considerably between countries. The rainfall patterns can 

be characterized as follows: (1) 24.4% of the MPZ (the blue area in Figure 2.5a) received above-

average precipitation for almost the entire monitoring period, except for the period before mid-

July, mid-August, and September to early October, when it was significantly below average. This 

includes most of southern Germany (North Rhine-Westphalia, Hesse, Thuringia, Rhineland-

Palatinate, Baden-Wurttemberg, Bavaria), and northern France (Basse-Normandie, Haute- 

Normandie, Ile-de-France, Nord-Pas-de-Calais Picardie, Alsace Champagne-Ardenne Lorraine); (2) 

Precipitation in most of the United Kingdom and north-west Germany (north of Lower Saxony, 

west of Schleswig-Holstein, Mecklengurg-Western Pomerania), covering 18.6% of the MPZ areas 

(dark green areas in Figure. 2.5a), was generally above average during most of the monitoring 

period, except for the period from mid-August to early-September, and from late-September to 

early-October; (3) Precipitation was below or equal to average in 42.6% of the MPZ (green areas 

in Figure. 2.5a), with the exception of above-average precipitation after the first half of October, 

this includes most part of Spain, south-east Italy, Bretagne, Pays de la Loire, Centre, Languedoc-

Roussillon Midi-Pyrenees in France; (4) For the rest of the monitoring area (14.5%, yellow areas in 

Figure. 2.5a), covering north-west Italy, west of Aquitaine Limousin Poitou-Charentes, east of 

Auvergne Rhone-Alpes, east of Bourgogne Franche-Comte in France, precipitation fluctuated 

slightly above and below average until mid-August, then fluctuated sharply above and below 

average until the end of the monitoring period. Especially in late-August, mid-September and mid-

ƭŀǘŜ hŎǘƻōŜǊΣ ǘƘŜ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ǿŀǎ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŀōƻǾŜ ŀǾŜǊŀƎŜΦ hƴ ŀ ƴŀǘƛƻƴŀƭ ǎŎŀƭŜΣ {Ǉŀƛƴ όɲw!LbΣ 

Ҍму҈ύΣ DŜǊƳŀƴȅ όɲw!LbΣ Ҍмо҈ύΣ ¦ƴƛǘŜŘ YƛƴƎŘƻƳ όɲw!LbΣ Ҍмн҈ύ ŀƴŘ CǊŀƴŎŜ όɲw!LbΣ Ҍмм҈ύ ŀƭƭ 
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received significantly above-ŀǾŜǊŀƎŜ ǇǊŜŎƛǇƛǘŀǘƛƻƴΣ ŜȄŎŜǇǘ ŦƻǊ Lǘŀƭȅ όɲw!LbΣ -2%). Flowering and 

grain filling for the summer crops in those countries benefitted from favorable precipitation in July 

and August and appropriate irrigation conditions, ensuring normal yield levels. However, excessive 

precipitation in mid-to-late October was unfavourable for the harvesting of the summer crops, but 

it helped with the germination and establishment of the winter crops. 

CropWatch agroclimatic indicators also show that warmer-than-ǳǎǳŀƭ ŎƻƴŘƛǘƛƻƴǎ όɲ¢9at ҌмΦоϲ/ύ 

and average sunshine conditions for the MPZ.  As shown in the spatial distribution of temperature 

profiles, most parts of this MPZ experienced above-average temperatures during the monitoring 

period, with the exception of Spain and north-west, north-east and south-east Italy, which 

experienced significantly below-normal temperature departures by up to -4ºC in late July and early 

August. The spatial distribution of temperature profiles also indicates that there were four periods 

of unusually warm weather in mid-July, mid-August, early-September and early-October, 

especially in France, Germany, Spain, north-west, north-east and south-east Italy.  

Due to favourable precipitation conditions and average radiation, the potential BIOMSS was 5% 

above average. The lowest BIOMSS values (-20% and less) were observed in northern and north-

eastern Spain, and south-eastern Italy. In contrast, BIOMSS was above average (+20% and more), 

mainly in northern Germany, north-west Italy, northern and western France, western Spain and 

the southern United Kingdom. 

The average maximum VCI for the MPZ reached a value of 0.84 during this reporting period. About 

90% of arable land was cropped, which was the same as the recent five-year average in the whole 

MPZ. The uncropped areas of arable land were mainly concentrated in Spain, south-east Italy, and 

a few pockets in almost all other countries of this MPZ. The VHI minimum map shows that 

relatively large areas of Spain, southern Germany, central, northern and eastern France, eastern 

United Kingdom were affected by drought conditions. Cropping intensity reached 134%, which 

was up by 2% compared to the five-year-average across the MPZ. 

Overall, the conditions of crops in the MPZ were mostly average to above average. 

Figure 2.5 Western Europe MPZ: Agroclimatic and agronomic indicators, July to October 2023. 

 

a. Spatial distribution of rainfall profiles b. Profiles of rainfall departure from average (mm) 
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c. Spatial distribution of temperature profiles d. Profiles of temperature departure from average (mm) 

 

e. Maximum VCI 

 

f. Cropped arable land 

 

g. Biomass accumulation potential departure 

 

h. VHI minimum 

 

i. Cropping intensity  

Note: For more information about the indicators, see Annex B. 
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2.7 Central Europe to Western Russia  

This monitoring period covers the harvest period of summer crops and the sowing period of winter 

crops. In general, the agroclimatic indicators in this MPZ were close to average, with lower 

ǇǊŜŎƛǇƛǘŀǘƛƻƴ όɲw!Lb -мл҈ύΣ ƘƛƎƘŜǊ ǘŜƳǇŜǊŀǘǳǊŜ όɲ¢9at ҌмΦпŅύΣ ŀƴŘ ƘƛƎƘŜǊ w!5t!w όɲw!5t!w 

+3%), as compared to the 15YA. 

According to the spatial distribution map of rainfall departures, the precipitation in most areas of 

the MPZ in central Europe and western Russia fluctuated around the mean during the monitoring 

period. The specific spatial and temporal distribution characteristics were as follows: (1) In early 

July, 20.2% of the MPZ received above-ŀǾŜǊŀƎŜ ǇǊŜŎƛǇƛǘŀǘƛƻƴ  όɲw!Lb Ҍтл ƳƳύΤ ƛƴ ƳƛŘ ǘƻ ƭŀǘŜ WǳƭȅΣ 

41.8% of the MPZ, mainly in western Russia, had precipitation levels that were mostly consistent 

with the area's mean precipitation. (2) From early August to late August, 87.6% of the MPZ 

received below-average precipitation, mainly in the central part of the MPZ in western Russia, 

Ukraine, Moldova, and eastern Poland; the eastern and western regions of the MPZ (accounting 

for 12.4% of the MPZ) experienced significant precipitation fluctuations. (3) From early September 

to late September, the precipitation in the entire MPZ was below-ŀǾŜǊŀƎŜ όɲw!Lb -20 mm). (4) 

From late September to mid-October, the precipitation in the MPZ increased, with a decrease in 

precipitation in the southern part of Russia and some areas (accounting for 12% of the MPZ) 

starting from mid-October. The southern part of Russia, southern Ukraine, Moldova, Romania, and 

northeastern Hungary (accounting for 25.6% of the MPZ) had precipitation levels that were below 

average from early July to late October. 

According to the average temperature departure map, temperatures in the MPZ varied 

significantly during the monitoring period. The specific spatial and temporal characteristics were 

as follows: (1) From early July to mid-July, 36% of the MPZ had above-average temperatures, 

mainly in Belarus, Poland, Czech Republic, Slovakia, Hungary, Romania, western and central 

Ukraine, and eastern Austria; from the late July to early August, 36% of the MPZ had below average 

temperature. (2) From mid-August to late September, although the temperatures in the MPZ 

fluctuated, there was an overall significant increase, reaching the highest distance level during the 

ƳƻƴƛǘƻǊƛƴƎ ǇŜǊƛƻŘ όɲ¢9at ҌсΦнŅ). (3) From late September to late October, the temperatures in 

the MPZ all decreased, but 59.5% of the areas were higher than the average temperature. (4) 

Except for the period from late July to early August when Belarus, Poland, Czech Republic, Slovakia, 

Hungary, Romania, western and central Ukraine, and eastern Austria were below the average 

temperature, the temperatures in the rest of the monitoring period had above-average 

temperatures. 

The CropWatch agronomic indicators show that most of the arable land in the MPZ was planted, 

with a CALF value of 96% (1% above average), and the uncultivated arable land was scattered 

mainly in southeastern Russia and southern Ukraine. The potential biomass in the MPZ was lower 

ǘƘŀƴ ǘƘŜ ŀǾŜǊŀƎŜ ƻŦ ǘƘŜ ƭŀǎǘ р ȅŜŀǊǎ όɲ.Lha{{ -5%). The areas with a 10% higher potential biomass 

were mainly located in southeastern Russia and the southwestern part of the MPZ. Affected by 

localized drought or war conditions, areas with more than 20% lower potential biomass were 

mainly located in southern and central Russia, southern Ukraine, central Moldova, central 

Romania, and parts of the Czech Republic. 

The VCIx showed a significant spatial difference in the MPZ, with an average value of 0.84. The 

regions below 0.8 were mainly located in southeastern Russia, southern Ukraine, Moldova, eastern 

and southern Romania, eastern Hungary, south-western Slovakia, and most of Poland. The VHI 

minimum map shows that the severe drought areas were mainly located in the Southern and 
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Eastern regions of the MPZ. Cropping intensity was 120%, which was 2% higher as compared to 

the five-year average across the MPZ.Overall, CropWatch agroclimatic and agronomic indicators 

indicate that crop growth was expected to be slightly below average during this monitoring period. 

Figure 2.6 Central Europe to Western Russia MPZ: Agroclimatic and agronomic indicators, July to October 2023. 

 
a. Spatial distribution of rainfall profiles b. Profiles of rainfall departure from average (mm) 

 
c. Spatial distribution of temperature profiles d. Profiles of temperature departure from average (ō) 

  

e. Biomass accumulation potential departure f. Cropped arable land 

 
 

g. Maximum VCI h. VHI minimum 

Note: For more information about the indicators, see Annex B. 
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Chapter  3. Core  countries  

3.1 Overview  

Chapter 1 has focused on large climate anomalies that sometimes reach the size of continents and 
beyond. The present section offers a closer look at individual countries, including the 46 countries 
that together produce and commercialize 80 percent of maize, rice, wheat, and soybean. As 
evidenced by the data in this section, even countries of minor agricultural or geopolitical relevance 
are exposed to extreme conditions and deserve mentioning, particularly when they logically fit 
into larger patterns.  

The global agro-climatic patterns that emerge at the MRU level (chapter 1) are reflected with greater spatial 

detail at the national and sub-ƴŀǘƛƻƴŀƭ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƭŜǾŜƭǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǘƘƛǎ ŎƘŀǇǘŜǊΦ ¢ƘŜ άŎƻǊŜ ŎƻǳƴǘǊƛŜǎέΣ 

including major producing and exporting countries are all the object of a specific and detailed narrative in 

the later sections of this chapter, while China is covered in Chapter 4. Sub-national units and national agro- 

ecological zones receive due attention in this chapter as well.  

In many cases, the situations listed below are also mentioned in the section on disasters (chapter 5.2) 

although extreme events tend to be limited spatially, so that the statistical abnormality is not necessarily 

reflected in the climate statistics that include larger areas. No attempts are normally made, in this chapter, 

to identify global patterns that were already covered in Chapter 1. The focus is on 46 individual countries 

and sometimes their subdivisions for the largest ones. Some of them are relatively minor agricultural 

producers at the global scale, but their national production is nevertheless crucial for their population, and 

conditions may be more extreme than among the large producers. 

1. Overview of weather conditions in major agricultural exporting countries 

The current section provides a short overview of prevailing conditions among the major exporters of maize, 

rice, wheat, and soybeans, conventionally taken as the countries that export at least one million tons of 

the covered commodities. There are only 20 countries that rank among the top ten exporters of maize, rice, 

wheat, and soybeans respectively. The United States and Argentina rank among the top ten of all four crops, 

whereas Brazil, Ukraine and Russia rank among the top ten of three crops.  

Maize: Maize exports are being dominated by just 4 countries: USA, Brazil, Argentina, and Ukraine. 

Together, they are supplying three quarters of maize being traded internationally. Brazil has substantially 
increased its production in recent years, whereas UkrainŜΩǎ ŜȄǇƻǊǘ Ƙŀǎ ōŜŜƴ ƘŀƳǇŜǊŜŘ ōȅ ǘƘŜ wǳǎǎƛŀƴ 
invasion. No maize production took place in the southern hemisphere during this monitoring period. In the 
USA and Mexico, conditions for maize production were generally favorable. In Europe, Romania suffered 
from a rainfall deficit. Production in Western Europe benefitted from favorable moisture and temperature 
conditions. In the Ukraine, rainfall was sufficient to create favorable conditions for maize growth. In 
Ethiopia, average rainfall patterns helped produce a normal maize crop. Similarly, conditions for maize 
production in the North China Plain and the Northeast of China were favorable due to above average 
rainfall. Although unfavorable weather early in the planting period combined with Some localized flooding 
caused some damage that reduced yields, this was more than compensated for by an increase in area as 
compared to last year. Hence, conditions for maize production were generally favorable in the northern 
hemisphere. 

Rice: Most rainfed (Kharif) rice grown in South Asia was sown or transplanted in June and July. Localized 

flooding, as well as irregular rainfall patterns, caused some yield losses in India and Pakistan. In Southeast 
Asia, conditions for rice production were normal. Only Indonesia was affected by drought. Irrigated rice 
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production in California, the second largest rice producer of the USA, after Arkansas, benefitted from the 
abundant rainfall of the last winter season, which helped replenish water levels in the dams and guarantee 
the water supply. In the South of the USA, a rainfall deficit caused a reduction in production.  

Wheat: Winter wheat harvest in the northern hemisphere concluded in August, whereas harvest of spring 
wheat grown in the northern regions lasted until October. The Canadian Prairies, the Northern Plains of 
the USA, Russia, and Kazakhstan are the major producers of spring wheat in the northern hemisphere. 
While rainfall conditions had improved during this monitoring period, spring wheat grown in Russia and 
Kazakhstan had suffered from a rainfall deficit during the previous monitoring period. Frequent rainfall 
during the harvest period, such as in Germany, Poland and in Kazakhstan, caused some challenges for 
farmers and impacted the grain quality. In the southern hemisphere, rainfall was below average in Australia. 
IƻǿŜǾŜǊΣ ƭŀǎǘ ȅŜŀǊΩǎ ŀōǳƴŘŀƴǘ Ǌŀƛƴǎ ƘŀŘ ƘŜƭǇŜŘ ǊŜǎtore soil moisture. Therefore, farmers could still harvest 
an average crop, despite of the lack of rainfall. In South Africa, cooler and wetter than normal conditions 
caused favorable conditions for wheat production. In Argentina, wheat had suffered from the dry 
conditions caused by the severe drought and the improved rainfall had started too late. In Brazil, abundant 
rainfall in Parana and Rio Grande do Sul in September and October has caused challenging conditions for 
harvest.  

Soybean: No soybean was harvested during the monitoring period in the southern hemisphere. Planting 
of soybeans in Brazil started in October. Goias, Mato Grosso, Mato Grosso do Sul and Minas Gerais were 
affected by very hot and dry conditions in October.  The severe drought conditions are likely to cause a 
delay in germination and crop establishment. In the USA and the Saint Lawrence Basin in Canada, 
conditions for soybean production were generally favorable, aided by normal rainfall and average 
temperatures. Similarly, conditions for soybean production in Europe, especially in the Ukraine, were 
normal. Above average rainfall helped China produce good yields. 

2. Weather anomalies and biomass production potential changes 

2.1 Rainfall 

In South America, rainfall was more than 30% below average in the Amazon and center of Brazil. Further 
south, the rainfall distribution varied greatly among the regions. The southern Pampas also had a rainfall 
deficit that was greater than -30%, while the situation in the other provinces of Argentina and in Chile was 
better. Rain in Central America was close to or above average. This period covers the rainy season in Mexico. 
In this country, the rainfall deficit varied by -10 to -30%. This will have negative implications for the 
production of irrigated crops in the coming dry winter months, as the reservoirs could not get fully 
replenished. In the USA, California and the northeast had above average rainfall (+10 to +30%). In the 
Midwest, rainfall was close to average, but the more southern and western states had rainfall deficits of 
up to -30% or higher. In Canada, the Prairies were affected by a strong deficit (<-30%), whereas in the other 
eastern provinces, rainfall was closer to the 15YA or even above. All of Western Europe had above average 
rainfall, whereas for the eastern Europe, a deficit was observed. The strongest deficit occurred in Romania. 
The European part of Russia also had a rainfall deficit. The situation greatly improved for the drought-
stricken Central Asian countries. In South and Southeast Asia, the conditions were mixed, ranging from 
average to slightly above average (+10 to+30%). The Malayan Archipelago had a deficit ranging from -10 to 
-30%, whereas in Australia, it exceeded 30%. In Africa, this was the dry season for the Maghreb. Hence, the 
deficit had little impact on crop production in those countries. However, most of the other African countries 
also received less than average precipitation. Mozambique, Zimbabwe and Mauretania had the strongest 
positive departures by more than +30%. 
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Figure 3.1 National and subnational rainfall anomaly (as indicated by the RAIN indicator) of July  2023  to October 2023 
total relative to the 2008-2022 average (15YA), in percent. 

 

(2) Temperatures 

The temperature anomalies at the provincial levels pretty much match those at the MRU level. It was 
warmer in almost all crop production regions. The only exceptions were the Punjab in Pakistan and 
Kyrgyzstan. Warmer temperatures by more than +1.5°C were recorded for almost all of Brazil and the 
south-central states of the USA. Algeria, Tunisia, Benin, Burkina Faso, most of Europe and the Himalayas, 
the North China Plain, Japan and New South Wales also experienced much warmer (>+1.5°C) than usual 
temperatures. Temperatures were close to the average in the Northwest and eastern half of the Midwest 
of the USA, as well as in Ontario and the Central Provinces of Canada. Average temperatures were also 
recorded for southern Africa and most of India. In the other regions, the temperature departures were 
positive, ranging from +0.5 to +1.5°C. 

 

Figure 3.2 National and subnational sunshine anomaly (as indicated by the TEMP indicator) of July 2023 to October 2023 
total relative to the 2008-2022 average (15YA), in °C . 

 

2.3 RADPAR 

Most of Argentina received below average solar radiation (<-3%). In Brazil, the situation was mixed. 
Radiation departures were generally in the positive range. Colombia and Venezuela had strong positive 
departures (>+3%). In Central America, radiation levels were below average and in Mexico and the 
southern USA, they were above. In its northern half, as well as in most of the crop production regions of 
Canada, solar radiation levels were below average by more than 1%. The strongest negative departures (<-
3%) were recorded for the Northwest, upper Midwest and the Northeast of the USA. In Africa, Zimbabwe 
and Mozambique also had strong negative departures. Countries along the equator generally had a positive 
departure from the 15YA by up to +3% or more. In Western Europe, radiation levels were average. In 
Eastern Europe, positive departures by more than 3% had been recorded. In Central Asia, solar radiation 
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was below average. But in South and Southeast Asia and Australia, strong positive departures by more than 
+3% had been recorded. 

 

Figure 3.3 National and subnational sunshine anomaly (as indicated by the RADPAR indicator) of July 2023 to October 
2023 total relative to the 2008-2022 average (15YA), in percent. 

 

2.4 Biomass production 

The BIOMSS indicator is controlled by temperature, rainfall, and solar radiation. In some regions, rainfall is 
more limiting, whereas in other ones, mainly tropical ones, solar radiation tends to be the limiting factor. 
For high-latitude regions, the temperature may also limit biomass production. In Brazil and the southern 
Pampas in Argentina, rainfall was the limiting factor. This resulted in biomass production estimates that 
were 10% below the 15YA. A similar deficit was estimated for Mexico, the Plain states and South of the 
USA. For the West Coast as well as the Northeast and Ontario and Quebec in Canada, a positive departure 
in biomass production had been estimated. In Western and Central Europe, biomass production was 
normal or above average. Only in parts of Eastern Europe, negative departures were estimated, especially 
for Romania and the Ukraine. Strong positive departures were estimated for Central Asia, the Punjab in 
Pakistan, Senegal, Somalia and Zimbabwe. For most of the countries in the Sahel, a negative departure had 
been calculated. In South and Southeast Asia, the conditions were mixed, although the departures were 
generally in the positive range (+5 to +10%). For Australia, a strong negative departure greater than -10% 
was estimated.  

 

Figure 3.4 National and subnational biomass production potential anomaly (as indicated by the BIOMSS indicator) of of 
July  2023  to October 2023 total relative to the 2008-2022 average (15YA), in percent. 

 

3.2 Country analysis  

This section presents CropWatch analyses for each of 46 key countries (China is addressed in Chapter 4). 
The maps and graphs refer to crop growing areas only: (a) Phenology of major crops; (b) Crop condition 
development based on NDVI over crop areas at national scale, comparing the July-October 2023 period to 
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the previous season and the five-year average (5YA) and maximum; (c) Maximum Vegetation Condition 
Index over arable land (VCIx) for July-October 2023 by pixel; (d) Spatial NDVI patterns up to July-October 
2023 according to local cropping patterns and compared to the 5YA; and (e) NDVI profiles associated with 
the spatial pattern under (d). Next, separate graphs (labeled as figures (f), (g), and subsequent letters) are 
included to illustrate crop condition development graphs based on NDVI average over crop areas for 
different agro-ecological zones (AEZ) within a country, again comparing the July-October 2023 period to 
the previous season and the five-year average (5YA) and maximum. 

Refer to Annex A, Table A.1-A.11 for additional information about indicator values by country. For country 
agricultural profiles please visit the CropWatch Explore module of the cloud.cropwatch.com.cn website for 
more details. 

Figures 3.5 - 3.50; Crop condition for individual countries ([AFG] Afghanistan to [ZMB] Zambia) including 
agro-ecological zones (AEZ) from July-October 2023. 
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AFG AGO ARG AUS BGD BLR BRA CAN DEU DZA EGY ETH FRA GBR HUN IDN IND IRN ITA KAZ KEN KGZ KHM LKA MAR MEX MMR MNG MOZ NGA PAK PHL POL 

ROU RUS SYR THA TUR UKR USA UZB VNM ZAF ZMB 

[AFG] Afghanistan  
In Afghanistan, wheat, maize, and rice are the primary cereals cultivated. The sowing of spring wheat occurs in 
March and April, with the harvest period in August and September. Maize sowing begins in May, leading to an 
August harvest. Similarly, rice is sown in May or June, and the harvesting takes place between October and 
November. 

The agro-climatic conditions showed that RAIN decreased by 27%, TEMP increased by 0.5°C and RADPAR was at 
an average level. BIOMSS decreased by 3% as compared to the 15YA. The CALF decreased by 4%, reaching only 
6%, and the VCIx was recorded at 0.20. 

The NDVI-based crop condition development graph clearly indicates that crop growth has consistently been 
below both the levels observed last year and the average of the past five years. 

Most of the total cropped areas in Afghanistan showed slightly below-average crop conditions, accounting for 
86.6%, while another 3.7% of the total cropped areas was significantly below average, mainly in northern regions 
including Balkh, Faryab, Badghis, Kunduz, Samangan, and Sarpol provinces. Only 5.7% of the total cropped areas 
maintained above-average crop performance throughout the monitoring period, primarily in eastern provinces 
with better irrigation facilities, such as Khost and Laghman. 

Furthermore, Afghanistan's Crop Performance Index (CPI) was 0.96, a slight improvement from the previous 
period but still indicating a poor overall agricultural production situation. The earlier high temperatures and 
drought had numerous adverse effects, such as causing rivers to dry up, leading to severe water deficits for crop 
growth.  Afghanistan's limited and fragile infrastructure exacerbated the dire situation. All in all, conditions for 
crop production in Afghanistan were very poor. 

Regional analysis 

CropWatch subdivides Afghanistan into four zones based on cropping systems, climatic zones, and topography. 
They are described below as Central region with sparse vegetation (1), Dry region (2), Mixed dry farming and 
irrigated cultivation region (3), and Mixed dry farming and grazing region (4). 

The RAIN in the Central region with sparse vegetation was 13 mm, indicating a significant decrease of 61% 
compared to the 15YA. TEMP was 16.7°C, an increase of 1.6°C. RADPAR measured 1465 MJ/m2, which 
represented a 1% increase. The BIOMSS decreased by 6%. The CALF experienced a decrease of 19% as compared 
to the 5YA, now standing at 6%. The VCIx value was 0.34. NDVI-based crop condition graphs indicated below-
average crop conditions. 

In the Dry region, rainfall fell by 5% to 34 mm, accompanied by increased TEMP at 22.7°C (+1.1°C). RADPAR 
measured 1464 MJ/m2 (-1%). According to the NDVI-based crop condition development graph, crop conditions 
were lower than the average and last year, and CALF was limited to 5% (+9%). The VCIx of 0.24 highlighted poor 
crop growth. 

The Mixed dry farming and irrigated cultivation region experienced a significant 30% decrease in rainfall to 52 
mm. The TEMP rose slightly to 17.7°C (+0.1°C), while RADPAR was 1417 MJ/m2. BIOMSS declined by 5% to 415 g 
DM/m2, and CALF dropped to 11% (-6%). The VCIx value was 0.23. The NDVI graph showed that conditions were 
below the average and below those of the previous year. 

In the Mixed dry farming and grazing region, RAIN was 3 mm. It decreased by 64% compared to the 15YA. TEMP 
stood at 20.7°C, marking an increase of 0.4°C. RADPAR was measured at 1456 MJ/m2, closely aligning with 
average levels. CALF was extremely low at 0.3%, indicating a decrease of 22%. The VCIx value was 0.09. BIOMSS 
was down by 8% to 337 g DM/m2. According to the NDVI-based crop condition development graph, the NDVI 
values were notably lower than the five-year average, pointing to unfavorable conditions. 

Figure 3.5 !ŦƎƘŀƴƛǎǘŀƴΩǎ crop condition, July - October 2023 
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(a) Phenology of major crops 

 

 

 

 

(b) Crop condition development graph based on NDVI                                                              (c)  Maximum VCI 

 
(d) Spatial NDVI patterns compared to 5YA                                                                                    (e) NDVI profiles 

  
(f) Rainfall profiles                                                                                                                              (g) Temperature profiles 

  
(h) Crop condition development graph based on NDVI (central_Sparse_Veg Region (left) and Mixed_Farming_Graze Region (right)) 










































































































































































































































































































































































































































