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Executive summary






A large and long-lasting drought is affecting North America, mainly the western part
(southern British Columbia and Alberta, Washington, Oregon, Idaho, Montana, California,
southern Nevada, western Arizona, Utah) and the continental High Plains region (southern
Saskatchewan and Manitoba, North and South Dakota, Iowa). Drought conditions, i.e. lowerthan-average rainfall and hot temperatures, are seriously affecting crops and increasing wild
and forest fire danger. Forest fire impact is growing, with more than 2.000.000 hectares
already burnt until 25 July 2021. The impact is relevant also in terms of air pollution. The
Colorado River system is under poor and declining hydrological condi tions. Most of the
western US counties have declared a drought emergency in the last six months.
A very high temperature anomaly and heatwave, combined with a wide and prolonged
precipitation deficit produced the severe dry conditions that are now affecting soil moisture,
river flow, groundwater and surface reservoirs levels and vegetation health.
Even considering the rising temperature trend due to climate change, this summer appears
significantly warmer and drier than the previous ones. Despite a slight precipitation
improvement foreseen for the next month in California, drought conditions are expected to
continue over wide areas of the western US, while it could slowly extend northwards as well.

Global Drought Observatory: http://edo.jrc.ec.europa.eu/gdo
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Risk of Drought Impact for Agriculture (RDrI-Agri)
The GDO indicator RDrI-Agri shows the risk of having impacts from a drought, by taking into
account the exposure and socio-economic vulnerability of the area, with particular focus on
agricultural impacts.
Meteorological conditions, better detailed in the following sections, drive large USA and
Canadian regions to low and medium level Risk of Drought Impact for Agriculture (RDrI-Agri). As
shown in Figure 1, the most affected states of the USA are Montana, North- and South Dakota
and Minnesota and with different features the whole western part of the USA. Canada shows a
low level risk mainly in the southern regions. The relatively low levels of risk are defined primarily
by the high coping capacity of both countries, where vulnerability is relatively low.
The extent of the involved area is extremely wide, and it is worth to investigate how these
conditions have been reached. Looking at the evolution of RDrI-Agri during the last year, a large
event during the whole autumn 2020 is evident (see October and November panels in Figure 2).
This situation improved partially, thanks to winter precipitation, only to further worsen after the
intense and enduring heatwave at the end of June and early July 2021.

Figure 1: Risk of Drought Impact for Agriculture (RDrI-Agri) – first ten days of July 2021.

Global Drought Observatory: http://edo.jrc.ec.europa.eu/gdo
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Figure 2: Risk of Drought Impact for Agriculture (RDrI-Agri) – first ten days of each month from
August 2020 to July 2021

Considering geographical and climatological differences, we proceed analyzing more in detail two
of the main affected regions: West Coast (California) and High Plains (North Dakota). These two
selected states are analyzed also in the next sections for each indicator.
The bar-chart (Figure 3) features a sharp and quick rise of the RDrI-Agri in spring 2021 and
remains constant in terms of extent almost over whole North Dakota. In California instead a
fluctuating pattern and a smaller extent are featured.

Global Drought Observatory: http://edo.jrc.ec.europa.eu/gdo
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Figure 3: Risk of Drought Impact for Agriculture (RDrI-Agri) - evolution over time for North Dakota
State (USA) from the first ten days of August 2020 to the first ten days of July 2021

Figure 4: Risk of Drought Impact for Agriculture (RDrI-Agri) - evolution over time for California
State (USA) from the first ten days of August 2020 to the first ten days of July 2021

Precipitation
Precipitation is measured by total monthly rainfall and snow and is the main component to
understand drought events. The affected area is large enough to feature different climatic
patterns, here well represented by the two selected examples. In North Dakota precipitation is
distributed with a peak in summer and with almost dry winter conditions (Figure 5, top). On the
west coast (California) it is the opposite: rainfall is concentrated in winter, and summer features
dry conditions (Figure 6, top).
Therefore, a summer drought event, driven by a heatwave and a lack of precipitation in the
preceding rainfall season, will have greater impact in terms of cumulative deficit in regions where
summer is already normally dry and preceding wet seasons have been poor, preventing groundwater recharge. This is the case for California (Figure 6) where, two previous dry years were
combined with only a couple of months with near-average precipitation (December 2019 and
January 2021). Hence, the cumulative deficit in terms of precipitation was remarkable having
less than half of the average precipitation in two years. On the contrary, in the High Plains (North
Dakota – Figure 5), thanks to a previous wetter period and to the presence of summer
precipitation, even if below average, the cumulative deficit is small. Approaching autumn 2021,

Global Drought Observatory: http://edo.jrc.ec.europa.eu/gdo
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such deficit can be expected to increase, as the balancing effect of the very wet second half of
2019 will fade.

Global Drought Observatory: http://edo.jrc.ec.europa.eu/gdo
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Figure 5: Monthly total (upper) and cumulative (lower) precipitation - evolution over time North
Dakota State (USA) (47.7N, -100.2E) from July 2019 to June 2021

Global Drought Observatory: http://edo.jrc.ec.europa.eu/gdo
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Figure 6: Monthly total (upper) and cumulative (lower) precipitation - evolution over time
California State (USA) (37.8N, -121.7E) from July 2019 to June 2021

Standardized Precipitation Index (SPI)
The GDO indicator SPI1, as one of the driving components of the RDrI-Agri, provides information
concerning the intensity and duration of the precipitation deficit (or surplus). Analyzing data for
different accumulation periods, the current dry conditions over the High Plains and western
states can be attributed to a whole year of constant below-average precipitation.

SPI-03

SPI-06

SPI-12
Figure 7: Standardized Precipitation Index (SPI-03; SPI-06; SPI-12) June 2021

1

SPI is used to monitor the occurrence of drought. The lower (i.e. more negative) the SPI, the more intense is the
drought. SPI can be computed for different accumulation periods: the 3 months period is often used to evaluate
agricultural drought and the 12 month accumulation period can be used for hydrological drought, when rivers fall
dry and groundwater tables lower.

Global Drought Observatory: http://edo.jrc.ec.europa.eu/gdo
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Comparing the SPI-03 maps computed for each month, shows that the onset of this prolonged
drought can be identified in autumn 2020 (Figure 8), when the first relevant precipitation deficit
became evident.

Figure 8: Standardized Precipitation Index (SPI-03) monthly maps from July 2020 to June 2021

Looking at the SPI evolution over the last two years in the selected regions, the origin and the
timing of the extensive present drought is quite well defined.

Global Drought Observatory: http://edo.jrc.ec.europa.eu/gdo
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In North Dakota (Figure 9), even coming from a significantly wetter than normal autumn in 2019,
the subsequent seasons were very poor in terms of precipitation, so to produce an extremely dry
sequence, with the lowest SPI values found late in spring 2021. In California (Figure 10), even if
the magnitude of deficit appears to be smaller, the prolonged duration with almost no respite
over the last two years leads the low SPI values.

Figure 9: Standardized Precipitation Index (SPI-03, 06, 12) evolution over time North Dakota State
(USA) from July 2019 to June 2021

Global Drought Observatory: http://edo.jrc.ec.europa.eu/gdo
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Figure 10: Standardized Precipitation Index (SPI-03, 06, 12) evolution over time California State
(USA) from July 2019 to June 2021

Indicator for forecasting unusually wet and dry conditions
According to the modeled Indicator for forecasting unusually wet and dry conditions from July to
September 2021 (see Figure 11), slightly wetter than normal weather is expected in the western
coast of the USA. Considering that those are three out of the four driest months on average across
California, it may not change significantly the drought situation.
In the High Plains area, forecasts show the continuation of scant precipitation conditions, with
an expansion of the affected region into Central and Northern Canada. A severe lack of
precipitation during the summer will likely determine prolonged dry conditions throughout the
winter and spring 2022.

Global Drought Observatory: http://edo.jrc.ec.europa.eu/gdo
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Figure 11: Indicator for forecasting unusually wet and dry conditions for 3 months, July to
September 2021.

Soil moisture and groundwater anomaly
Because of the prolonged lack of precipitation, the main effect is the reduction of the water
content in the soil. The aim of the GDO soil moisture indicator is to provide an assessment of the
topsoil water content, which is a direct measure of drought conditions, specifically regarding the
difficulty for plants to extract water from the soil.
At the first ten-days period of July the drier conditions (Figure 12) are observed approximately in
the same regions where SPI-12 reaches the lowest values (Figure 7), confirming that this drought
event is mainly due to precipitation scarcity for an extended period.
Checking the time evolution of the soil moisture anomaly maps, a significantly drier than normal
autumn 2020 is confirmed (Figure 13), and winter precipitation did not recharge enough soil
moisture to withstand the following dry months, giving an unfavorable starting point at the
beginning of summer 2021, worsening even more the final impact on soil moisture.

Global Drought Observatory: http://edo.jrc.ec.europa.eu/gdo
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Figure 12: Soil Moisture Anomaly - 1st ten-day period of July 2021

Figure 13: Soil Moisture Anomaly - 1st ten-day period of each month from June 2020 to July 2021

Global Drought Observatory: http://edo.jrc.ec.europa.eu/gdo
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Looking more in detail at the selected areas in Figure 14, an abrupt rise of areas under drier than
normal soil conditions in North Dakota started from March 2021. In California, instead, dry
conditions are much more constant and prolonged in time but involving a smaller region (Figure
15).

Figure 14: Soil moisture anomaly evolution over time in North Dakota (USA), from the first ten
days of August 2020 to the first ten days of July 2021

Figure 15: Soil moisture anomaly evolution over time in California (USA), from the first ten days
of August 2020 to the first ten days of July 2021
The Total Water Storage (TWS) Anomaly indicator is used for determining the occurrence of longterm hydrological drought conditions and it is often used as a proxy of groundwater drought. It
is computed as anomalies of GRACE-derived TWS data.2 TWS features good correlation with longterm SPI (12, 24 and 48 months). 3

2

Landerer, F.W.; Swenson, S.C. Accuracy of scaled GRACE terrestrial water storage estimates. Water
Resour.Res. 2012, 48, W04531
3

Cammalleri, C., Barbosa, P., Vogt, J.V. 2019. Analysing the Relationship between Multiple-Timescale SPI and
GRACE Terrestrial Water Storage in the Framework of Drought Monitoring. Water 11(8), 1672.
https://doi.org/10.3390/w11081672.

Global Drought Observatory: http://edo.jrc.ec.europa.eu/gdo
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The TWS anomaly represents a reliable indicator in terms of groundwater availability anomaly
and hence is a proxy for detecting anomalies in river flow levels. Considering lower winter
precipitation and early melt for temperature anomaly, also the lower snow water equivalent
available from the snowpack may influence the dry anomaly. In May 2021 (Figure 16) almost the
whole south-west of USA was already suffering of negative anomalies, anticipating the severe
drought of this summer.

Figure 16: Gravity Recovery and Climate Experiment (GRACE) Total Water Storage (TWS)
Anomaly, May 2021

fAPAR anomaly
The satellite based GDO indicator fraction of Absorbed Photosynthetically Active Radiation
(fAPAR) represents the fraction of the solar energy absorbed by leaves. fAPAR anomalies,
specifically the negative deviations from the long-term average over the same period, are a good
indicator of drought impact on vegetation.
In accordance with the other indicators, a significant impact on vegetation photosynthetic
activity is mainly detected in the High Plains regions and on the western coast. Impacts on
vegetation and soil moisture/groundwater are not always in phase and coherent due to delays in
vegetation development and, in general, different timing of the two processes. In agreement
with the previous analysis, a preceding precipitation deficit in October 2020 hit vegetation in the
wheat producing regions (Figure 18), particularly in the south of Canada and Central USA.

Global Drought Observatory: http://edo.jrc.ec.europa.eu/gdo
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Figure 17: fAPAR Anomaly - 2021-07 1st ten-day period

Figure 18: fAPAR Anomaly - 2020-06 to 2021-07, 1st ten-day period of each month

Global Drought Observatory: http://edo.jrc.ec.europa.eu/gdo
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Time evolution of the vegetation conditions in the two selected regions confirm the previous
analysis showing a strong impact in North Dakota starting in May 2021, and to a lesser extent a
constant impact in California (Figure 19 and Figure 20). In particular, in North Dakota a warmer
than normal early spring favored premature vegetation development and subsequent early
drying.

Figure 19: fAPAR evolution over time in North Dakota (USA), from the first ten days of August
2020 to the first ten days of July 2021

Figure 20: fAPAR evolution over time in California (USA), from the first ten days of August 2020
to the first ten days of July 2021

Temperature anomaly4
North America has been widely affected by heatwaves and high temperatures in the past few
months. Temperature is a major driver for drought, together with precipitation deficit.
Temperature, together with wind, is the main driver of evapotranspiration, which is the loss of
water from soil and vegetation through air. A severe heatwave occurred during June and the first
half of July and spread over larger extent than the areas withstanding drought impacts, as in

Source: JRC’s Monitoring of Agricultural Resources (MARS) – Anomaly Hotspots of Agricultural Production (ASAP)
service https://mars.jrc.ec.europa.eu/asap/index.php
4

Global Drought Observatory: http://edo.jrc.ec.europa.eu/gdo
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some regions the effect of higher temperature has been at least partially compensated by rainfall
support to soil moisture and groundwater (e.g. southeastern USA).

Figure 21: Temperature Anomaly for four 10-days intervals (form beginning of June to beginning
of July). Source: JRC’s Monitoring of Agricultural Resources (MARS) – Anomaly Hotspots of
Agricultural Production (ASAP)

Global Drought Observatory: http://edo.jrc.ec.europa.eu/gdo
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Fire Danger Forecast5
The wildfire hazard is a direct consequence of elevated temperature anomalies and surface
dryness, in combination with the availability of fuel (dry litter and wood).
The Global Wildfire Information System (GWIS) provides mapping services of the fire danger
forecast all over the world (Figure 22). A large part of North America and the whole western half
of USA are seriously at risk of fires and in particular the western states are under extreme danger
conditions. This effect is a vicious cycle because wildfire increases local temperature, accelerating
moisture loss which feeds back to increased vulnerability to drought. Conversely, drought
conditions are also a driver for the ignition of wildfires.

Figure 22: Fire danger forecast for 30th of July 2021 expressed by the Fire Weather Index issued
on the same day. Source: Global Wildfire Information System, GWIS

North American Drought Monitor6
A significant amount of data and analysis tools are available for the regions of interest in the
North American Drought Monitor (NADM), produced by the National Drought Mitigation Center

5

Source: JRC Global Wildfire Information System - https://gwis.jrc.ec.europa.eu/apps/gwis_current_situation/

6

https://droughtmonitor.unl.edu/NADM/Home.aspx

Global Drought Observatory: http://edo.jrc.ec.europa.eu/gdo
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- University of Nebraska-Lincoln, being the most reliable and up to date information on drought
conditions in North America.
The area shown as affected by drought in the NADM coincides well with the area highlighted by
RDrI-Agri described above, but expands further southwards than for the RDri-Agri, most likely for
current soil moisture improved values in the southern area (influencing RDrI -Agri). Some
differences can be observed in terms of magnitude, most likely related to exposure and
vulnerability, not explicitly included in drought intensity Palmer Drought Severity Index 7 and
differently considered in NADM approach and RDrI-Agri approach.
In general, considering the exceptional drought over these regions, impacts appear to be
mitigated thanks to the high coping capacity of the involved countries.

Figure 23: North American Drought Monitor - Drought Intensity on June 30, 2021 (Source:
https://www.ncdc.noaa.gov/temp-and-precip/drought/nadm/).

7

https://www.ncdc.noaa.gov/temp-and-precip/drought/nadm/indices/palmer/div#select-form

Global Drought Observatory: http://edo.jrc.ec.europa.eu/gdo
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An interesting map produced by the North American Drought Monitor 8 is the change map
compared to the same date one year before. A strong degradation is visible in the southwestern
States and in the High Plains region, showing large areas getting much drier than a year before.
(Figure 24). This highlights the relevance of the present drought event, outstanding even in a
warmer and dryer period driven by climate change trends.

Figure 24: North American Drought Monitor – Class change comparison on June 30, year 2021
against year 2020 (Source: droughtmonitor.unl.edu/nadm/).

8

Source: National Drought Mitigation Center - University of Nebraska-Lincoln

Global Drought Observatory: http://edo.jrc.ec.europa.eu/gdo
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Reported impacts
Most of the western US counties have declared a drought emergency in the last six months and
most impacts are reported in relation to water supply and quality, followed by agriculture and
damages to ecosystems9.
Fires are widely reported, with drought exacerbating fire hazard: more than 2.000.000 hectares
have already been burnt until 25 July 2021 requiring many population evacuations10. The impact
is relevant also in terms of air pollution. Reportedly, the magnitude and extent of forest fire is
influencing the weather itself in some states.11 The fire risk is more and more impacting in the
human settlement in California, since wildfires not only compel people to be evacuated during
an actual fire, but also affect real estate values and are forcing people to abandon fire-prone
areas.12
Federal Bureau of Reclamation is confirming the bad and declining hydrological conditions for
the Colorado River system. As the current forecast for predicted unregulated inflow volume is 30
% below the average, a plan of drought operation has been implemented. The additional releases
do not change the annual volume of water released. Reclamation remains committed to reduce
collective risks of reservoirs in order to guarantee their functionality, balancing all the water
needs of the basins (municipal, agricultural, hydropower).13
California might establish water restrictions to thousands of farmers in August as drought dries
up rivers, giving priority to drinking water and other human needs.14 Low flow is affecting salmon
habitats and their migration.15 In South Dakota, spring wheat was adversely affected by drought:
wheat matured too fast and the harvest is producing below-average yields.16 The severe drought

9

Source: https://droughtreporter.unl.edu/map/

10

https://www.nifc.gov/nicc/sitreprt.pdf

11

https://www.nytimes.com/2021/07/19/climate/bootleg-wildfire-weather.html

12

https://www.newschannel5.com/news/national/wildfires-can-force-temporary-evacuations-now-they-areforcing-permanent-moves
13

https://www.usbr.gov/newsroom/#/news-release/3917

14

https://www.courthousenews.com/newsom-urges-residents-businesses-and-farmers-to-cut-water-use-amiddrought/
15

https://www.reuters.com/business/environment/drought-dries-california-rivers-salmon-take-truck-rides-sea2021-05-13/
16

https://droughtreporter.unl.edu/map/

Global Drought Observatory: http://edo.jrc.ec.europa.eu/gdo
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is already forcing cattle farmers to sell-off livestock they cannot feed. 17 To face the situation of
farmers and livestock producers of Minnesota, South Dakota and North Dakota a bipartisan
legislation was introduced to authorize emergency haying in Conservation Reserve Program
(CRP) lands in response to drought and other weather-related disasters also before the period
allowed by the current statute. 18
In British Columbia, full supply for different water uses is not guaranteed. For instance, milling
industries ask for a reduction of rivers minimum flow, but this could threaten fish ecological
needs.19 In the Gulf Islands water shortages in -private wells are reported and water preservation
is now crucial for many activities, from agriculture to tourism; visitors are required to bring their
own water and residents to preserve wells, aquifers and natural bodies of water. 20
Beyond exacerbating drought, the severe heatwave of June in western Canada and USA may have
been the reason for hundreds of sudden and unexpected deaths. 21 22 23
According to the U.S. Drought Monitor, “in the driest areas of the northern and western United
States, drought’s impact on water supplies, as well as rangeland, pastures, and a variety of crops,
was further amplified by ongoing heat”. In the High Plains “agricultural drought impacts across
the northern High Plains remained widespread and severe, despite spotty showers”.
In the west “drought generally worsened across the northern Rockies and interior Northwest.
The Western drought continued to act on multiple time scales, ranging from a few weeks (mostly
agricultural impacts) to two decades (ecological and hydrological effects). Dozens of wildfires,
primarily across northern California and the Northwest, continued to burn through hundreds of
thousands of acres of timber, brush, and grass, aided by hot, dry conditions, dry soils, and ample

17

https://www.newsweek.com/drought-wildfires-forcing-cattle-ranchers-sell-off-cows-they-can-no-longer-feed1613237
18

http://www.publicnow.com/view/82DEBA71ED32B87D165DE1689E0EE5439A0DEFF1

19

https://www.timescolonist.com/news/local/catalyst-wants-required-minimum-water-flows-into-cowichan-riverreduced-1.24346392
20

https://www.princegeorgecitizen.com/bc-news/bc-farmers-fight-to-save-crops-tourists-urged-to-bring-waterwith-them-4165062
21

https://www.reuters.com/world/americas/dire-fire-warnings-issued-wake-record-heatwave-canada-us-2021-0630/
22

https://www.theguardian.com/world/2021/jul/02/canada-heatwave-500-deaths

23

https://www.forbes.com/sites/nicholasreimann/2021/07/06/hundreds-likely-dead-after-historic-heatwave-hitspacific-northwest-and-canada/

Global Drought Observatory: http://edo.jrc.ec.europa.eu/gdo
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fuels. Wildfire smoke continued to degrade air quality in many areas of the country, well outside
the West”.
In California, 154 primary intrastate reservoirs, during the 2021 melt season, gained just 20% of
the historical average recharge. At the end of June, the reservoirs held just 62% of their typical
volume for this time of the year.
“Nationally, the U.S. spring wheat crop was rated just 11% good to excellent and 63% very poor
to poor on July 18, the lowest overall condition at this time of year since July 18, 1988, when the
crop was categorized as 7% good to excellent and 73% very poor to poor. Initial estimates
released by USDA on July 12 indicated that the 2021 U.S. spring wheat production will be down
41% from last year, while yield will be down 37%. If realized, the 2021 U.S. spring wheat yield of
30.7 bushels per acre would be the lowest since 2002”24

24

https://droughtmonitor.unl.edu/

Global Drought Observatory: http://edo.jrc.ec.europa.eu/gdo
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Annexes
GDO indicators versioning:
The versions of GDO indicators present in this report are listed in the following table.
Indicator
Ensemble Soil Moisture Anomaly

Version
2.2.0

Valid to
Present date

1.1.0

Valid from
1st monthly
moving window
of May 2021
1st monthly
moving window
of November
2020
1st monthly
moving window
of January 2001
1st ten-day
period of
January 2019
April 2021

1.0.0

January 2017

Present date

1.2.0
1.1.0
2.3.0

January 2021
April 2018
1st ten-day
period of
January 2013
January 2021
April 2018

Present date
December 2020
Present date

2.1.0

2.0.0

fAPAR (fraction of Absorbed
Photosynthetically Active Radiation)
Anomaly
Gravity Recovery and Climate
Experiment (GRACE) Total Water
Storage (TWS) Anomaly
Indicator for forecasting unusually wet
and dry conditions
Precipitation (GPCC)
Risk of Drought Impact for Agriculture
(RDrI-Agri)
Standardized Precipitation Index (SPI,
GPCC)

1.3.1

1.2.0
1.1.0

3rd monthly
moving window
of April 2021
3rd monthly
moving window
of October 2020
Present date

Present date

Present date
December 2020

Check https://edo.jrc.ec.europa.eu/download for more details on indicator versions.

Distribution:
For use by the ERCC and related partners, and publicly available for download at GDO website:
https://edo.jrc.ec.europa.eu/reports

Global Drought Observatory: http://edo.jrc.ec.europa.eu/gdo
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