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1 Introduction

Mexico has been experiencing intense and frequent drought in recent times due to intensifying
climate change. In 2002 the National Commission of Water (CONAGUA) and the National
Meteorological Service (SMN) created the “Mexico Drought Monitor” (MSM for its initials in
Spanish) to identify, quantify, and map the areas under drought conditions by the
implementation of the Standardized Precipitation Index (SPI) using radar and rain gauges data.
However, it was not until 2014 that fortnightly and monthly reports on drought conditions began
for the country [CONAGUA & SMN, 2024].

The Mexico Drought Monitor (MSM) and the Annual Climate Report identified the years 2011,
2012, 2020, 2021, and 2023 as among the driest, marked by extensive drought conditions. The
drought event spanning 2011-2012 is noted as the most severe in recent Mexico’s history,
affecting 85% of the country's territory, with 47% of the area experiencing exceptionally severe
conditions. The second most severe drought occurred in 2020 — 2021 and lasted eleven
consecutive months, affecting 65% of the national territory and with a 2.7% deficit in annual
cumulative precipitation. The most recent event is the one that started in June 2023, and that
apparently persisted till May 2024. 2023 was the driest year in the last 80 years in which 30% of
the national territory present extreme and exceptional extreme drought conditions during
September.

In Mexico, the monitoring and analysis of drought are predominantly focused on precipitation
deficits, often overlooking other critical factors such as soil moisture, streamflow in both surface
and groundwater, and reservoir water levels. This narrow focus has lead to an incomplete
understanding of the drought phenomenon and its short- and long-term impacts. Reports
typically conclude that drought is over when a significant portion of the territory experiences its
first rainfall event, without accounting for the low soil moisture levels and their implications for
agriculture.

Additionally, Mexico lacks a comprehensive network of in-situ soil moisture stations, relying
primarily on limited streamflow and meteorological stations for drought monitoring. To address
this gap, recent research projects have focused on evaluating satellite-derived soil moisture
products such the NASA Soil Moisture Active Passive (SMAP) in specific regions. Given the
limitations of official in-situ observations, these projects often conduct their own measurements
over short periods to assess the accuracy of soil moisture estimates provided by satellite soil
moisture products [A. Monsivdis-Huertero et al., 2022].

In 2015, the Mexican Institute of Water Technology (IMTA, by its initials in Spanish) conducted
an analysis of SMOS (Soil Moisture and Ocean Salinity) for potential national coverage
applications. However, the study concluded that the satellite data required further calibration
and post-processing to align with in-situ observations. Despite the promising potential, IMTA
lacks the necessary resources and support to implement this calibration effectively. This
limitation constrains the evaluation and calibration of soil moisture satellite products across
Mexico, particularly in relation to precipitation data and cross-validation with other soil moisture
products [Lobato-Sanchez, R., 2015].
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Building on this premise, the current study presents an analysis of the Advanced Scatterometer
(ASCAT) Surface Soil Moisture (SSM) at 6.25 km sampling product across various climate and
agricultural zones in Mexico. The objective is to evaluate the performance of ASCAT SSM in
assessing soil moisture conditions by cross-validating its results with ERA5-Land and ESA CCI
datasets. Additionally, this study examines the potential of ASCAT SSM derived drought
indicators such has soil moisture anomaly percentage index (SMAPI) and soil moisture anomaly
z-scores to detect drought conditions by comparing against conventional precopotaton based
drought indices such as the Standardized Precipitation Index (SPI) by [CONAGUA & SMN, 2024]
and the Standardized Precipitation Evapotranspiration Index (SPEI) by [Peng et al., 2023].

Following is the brief outline of this report:

Section 2: provides an overview of Mexico's physiographic characteristics and geographic
location, with a particular emphasis on its climatic zones, land cover classes and rainfall
patterns during the wet season

Section 3: highlights the challenges associated with subsurface scattering effects on soil
moisture measurements. Additionally, it evaluates the temporal quality of ASCAT soil
moisture dataset by comparing it with other established soil moisture products, to
evaluate its consistency and reliability over time.

Section 4: details the similarities between the anomalies delivered by ASCAT dataset and
precipitation anomalies from the MDM. Also evaluate the spatial similarity in drought

severity classification by the comparison from SMAPI and ZScore from ASCAT, SPEI from
CEDA, and SPI by the Mexico Drought Monitor.

Section 5: summarizes the findings of the report.
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2 Study Area: Mexico

Mexico is located in North America between the latitudes 142 N to 322 N, and longitudes 862 W
to 1172 W. The country is primarily composed of mountain ranges, valleys, and plateaus, which
cover 85% of the territory. The remaining 15% consists of coastal plains and the Yucatan
Peninsula.
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Figure 1. Physiographic Regions and Elevations of Mexico

The territory is formed by 14 physiographic provinces, the principal composed by the largest
mountain ranges known as “Sierra Madre” (Mother Mountain Range). Mexico has five major
mountain ranges that cross the country predominantly from north to south, these are the
Eastern Sierra Madre, Western Sierra Madre, South Sierra Madre, and Chiapas and Guatemala
Mountain Range. Additionally, the Trans-Mexican Volcanic Belt or the Neovolcanic Axis encircles
Central Mexico.

2.1 Climate
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According to Koppen Climates, Mexico has 16 types of climates across the country as shown in
Figure 2. The Tropic of Cancer divides the country into temperate arid zones and tropical zones,
in which climate varies in function of the elevation. The arid region of Mexico is situated between
the Western Sierra Madre and Eastern Sierra Madre in northern Mexico, with mostly temperate
climates over mountains. Central and South Mexico have more temperate climate mostly in high
elevations and tropical climates over coastal areas and over the Chiapas and Guatemala
Mountain Range.

Képpen-Geiger climate classification map for Mexico (1980-2016)

W Tropical, rainforest (Af)
W Tropical, monsoon (Am)
W Tropical, savannah (Aw)
B Arid, desert, hot (BWh)
Arid, desert, cold (BWk)
Arid, steppe, hot (BSh)
Arid, steppe, cold (BSk)
Temperate, dry summer, hot summer (Csa)
Temperate, dry summer, warm summer (Csb)
Temperate, dry winter, hot summer (Cwa)
W Temperate, dry winter, warm summer (Cwb)
W Temperate, dry winter, cold summer (Cwc)
Temperate, no dry season, hot summer (Cfa)
Temperate, no dry season, warm summer (Cfb)
BN Temperate, no dry season, cold summer (Cfc)
Polar, tundra (ET)

Source: Beck et al.: Present and future Képpen-Geiger climate classification maps at 1-km resolution, Scientific Data 5:180214, doi:10.1038/sdata.2018.214 (2018)

Figure 2 Koppen Climate classification of Mexico (1980 - 2016)

Mexico has pronounced wet and dry seasons. Figure 3 shows that the country experiences a rainy
season from June to October and significantly less rain during the remainder of the year. February
and July generally are the driest and wettest months, respectively. According to the climatology
of the last 30 years, July, August and September presents the higher presences of precipitation,
while February, March and April are the driest months of the year (with less than 20 mm of
accumulative precipitation).
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Figure 3 2023 Monthly Precipitation vs Climatology from 1991 -2020
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In addition, Figure 4 shows the annual precipitation percentages since 1940. The figure shows
that the wettest years are 2008, 2010, 2013, and 2015. On the other hand, years with deficit of
precipitation or driest years are 2011, 2019, 2020, 2021, and 2023.

¢ CONAGUA | (@R SMN 2023 (%)

1940 1950 1960 1970 1980 1990 2000 2010 2020

Figure 4 National Annual Precipitation Percentages (blue bars) and Five-Year Moving Average (red line) from 1940 to 2023.
(Data from CONAGUA and SMN)

2.2 Land Cover and Vegetation

The physiographic and climatic conditions of Mexico play a crucial role in shaping the distribution
and development of vegetation and land cover across the country. The National Institute of
Statistics and Geography (INEGI) has produced a national map of land cover and vegetation
(Figure 5). This map highlights that central Mexico's land cover is primarily a mix of rainforest and
rainfed agriculture, while irrigated agriculture is predominant in the northern regions of the
country.
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Figure 5. Land cover, use and vegetation in Mexico by INEGI 2018
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Figure 5 illustrates that forested areas dominate the mountainous regions in northern Mexico,
while the southern mountain ranges are characterized by a combination of forest and tropical

rainforest. In contrast, the arid and semi-arid regions are predominantly covered by shrubland,
pastureland, and desert vegetation, including sand dunes.
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3 HSAF Surface Soil Moisture 6.25 km Analysis

The analysis aims to evaluate the quality of HSAF surface soil moisture by comparing it with other
soil moisture datasets like ERA5 and ESA CCI SM (passive). To achieve this, time series data from
2007 to 2022 are examined for correlations to understand the temporal quality and underlying
effects of subsurface scattering in arid and semi-arid climatic zones. Furthermore, to ensure
consistency for the analysis, the SM datasets of ERA5 and ESA CCI passive are harmonized with
the HSAF SSM data (both spatially and temporally).

3.1 Overview of products

Following is the overview on the data products used for HSAF soil moisture analysis:

3.1.1 HSAF Surface Soil Moisture 6.25km [Wagner et al, 2013]

HSAF Surface Soil Moisture (SSM) 6.25km data is derived from the backscatter observations of
the Advanced SCATterometer (ASCAT) onboard Metop A, B, and C satellites. The generation of
ASCAT SSM data relies on the TU Wien change detection algorithm, which assumes a linear
relationship between scatterometer backscatter and soil moisture. Even though the algorithm
accounts for factors such as surface roughness, topography, and vegetation as invariant over the
years, seasonal variations in vegetation are corrected through the multi-angle viewing
capabilities of ASCAT. The soil moisture data is organized on a fixed Earth Fibonacci grid,
consisting of 5° x 5° cells with grid points evenly distributed at a sampling interval of 6.25 km.
Each grid point corresponds to a spatial resolution of approximately 10-15 km x 10-15 km.

3.1.2 ERA5-Land [Hersbach et al., 2020]

ERA5-Land is a global climate and weather reanalysis dataset released by the European Centre
for Medium-Range Weather Forecasts (ECMWF) as part of the Copernicus Climate Change
Service (C3S). The dataset contains over 50 surface parameters at a 9 km Gaussian grid scale,
with hourly temporal frequency, available from 1950 and up to 5 days behind real-time. The data
is derived from various satellite measurements and meteorological observations, using advanced
data assimilation techniques to produce accurate and reliable estimates.

3.1.3 ESA CCI SM (passive) [Dorigo et al. 2017]

The data has been developed as part of the ESA's program to monitor essential climate variables
worldwide, known as the Climate Change Initiative (CCl). The ESA CClI SM data is obtained from
brightness temperature observations collected by various passive microwave sensors using the
microwave radiative transfer model called the Land Parameter Retrieval Model (LPRM). The soil
moisture data has a spatial resolution of 0.25 degrees and is provided with daily temporal
resolution in NetCDF global images. The available data spans 40 years, from 1978 to 2022.

Page 11 of 26
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3.2 Correlation Analysis

The Pearson Correlation test results, as shown in Figure 6, reveal the correlation values for the
entire time series. It is evident that a significant portion of the Mexican territory exhibited
Pearson correlation coefficients above 0.6 with ERA5, while correlations with ESA CCl were
generally above 0.4. These lower correlations are due to data gaps in the ESA CCl passive product
which leads to alesser number of valid observations for computing Pearson correlation
coefficient with ASCAT data.

Additionally, negative correlations are particularly evident in the arid and semiarid regions in
north Mexico, as well as in the southeastern wetlands of the Yucatan Peninsula. It is well-
established that these climatic zones are susceptible to backscattering issues, as documented in
[Wagner et al., 2022] and [Wagner et al. 2024].

In contrast, the western part of the country demonstrated the highest correlation values with
ERAS, otherwise ESA CCl exhibited the lowest correlation values in the region, likely due to data

gaps.

115 110°E -105°E -100°E -95°E 90°E 115°E 110°E -105°E -100°E -95°E 90°E

2000 1000

1 0.8 0.6 0.4 0.2 0
Pearson R Pearson R

Figure 6. Pearson Correlations for entire time series

Arid and semiarid regions examples can be appreciated in Figure 7 to Figure 10. Figures 7 and 8
present bare land areas, while figures 9 and 10 show irrigated agricultural zones. The
performance in arid and semiarid bare land zones illustrated in Figure 7, shows an arid desert
zone situated between mountainous regions. On the other hand, Figure 8 depicts an arid desert
along the coast of the Baja California Gulf. Both regions are primarily composed of leptosols and
regosols.
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ASCAT Surface Soil Moisture time-series lon, lat = (-102.54340362548828, 26.843185424804688)
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___________________ - o %3 1
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1 0.9 0.8-07 060504030201 0 0102 03 04 05 06 07 08 09 1 ,_\E 02 :;
Pearson R 3 q:
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Time
ESA CCI Soil Moisture time-series lon, lat = (-102.54 26.8431
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Pearson R

Figure 7. Pearson correlations and time series in arid region in bare land.

The correlations obtained in both points are notably low and negative, ranging from -0.1 to -0.5.
Additionally, the time series reveals consistently high soil moisture values, with %Saturation
frequently exceeding 40% as measured by ASCAT SSM. The issue of subsurface scattering in these
soil types, particularly under arid climatic conditions, has been previously documented in
[Wagner et al., 2022].

1D = 3380011 ERA 5

ASCAT Surface Soil Moisture time-series lon, lat = (-115.07453155517578, 30.97492790222168)

%Saturation

2008 2010 2012 2014 2016 2018 2020 2022
Time
ESA CCI Soil Moisture time-series lon, lat = (-115.07453155517578, 30.97492790222168)

2008 2010 2012 2014 2016 2018 2020 2022
Time

1 09 0.8-07 0.6 0.5-04 030201 0 01 02 04 05 06 07 08 09 1
Pearson R

Figure 8. Pearson correlations and times series over bare land arid region in northwest Mexico
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As previously mentioned, irrigated areas in arid climates demonstrated low positive correlations.
This behavior is evident in Figure 9 and Figure 10, where correlations range between 0.3 and 0.5.
The time series in these examples show soil moisture values between 20% and 40% saturation
by ASCAT SSM.

Moreover, ERA5 and ESA CCl exhibit soil moisture values ranging from 0.05 to 0.4 m3/m3. This
performance appears to be tentatively linked to irrigation, as all three products—ERA5, ESA CCl,
and ASCAT SSM—display similar patterns in the time series. This suggests that irrigation may
significantly influence the soil moisture values recorded by ASCAT SSM in arid and semiarid
regions.
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Figure 9 Pearson correlations and times series over irrigated agriculture region in arid climate
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Figure 10 Pearson correlations and times series over arid climate region with irrigation agriculture in north Mexico

Following this analysis of semiarid regions, Northeast Mexico was also examined. Figure 11
shows that correlations in the region generally exceed 0.6, regardless of agricultural activity. This
indicates that the Northeast Mexico region is better correlated compared to the semiarid areas
in the northwest.
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Figure 11 Pearson correlations and times series over semiarid climate region with irrigation agriculture in northeast Mexico

In contrast, central and southern Mexico exhibited strong correlations (0.7 to 0.9) in regions
characterized by tropical savanna (Aw) and temperate climates with dry winters (Cwa and Cwb).
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The central region, predominantly comprising croplands reliant on rainfall, demonstrated
consistent performance. However, as illustrated in Figure 12, certain sectors displayed lower
correlations with ESA CCl, primarily due to data gaps within the time series.

Furthermore ERAS5, showed high correlations within both bare lands (Figure 12) and croplands
areas (Figure 13). Dense forest regions and high-altitude areas also demonstrated robust
correlations, with soil moisture values in the time series showing consistent alignment across the
various products. Additionally, the time series effectively captured the seasonal variability,

representing both dry and wet periods, and showed promise in accurately identifying drought
conditions.
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Figure 12 Pearson correlations and times series over central Mexico
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Figure 13 Pearson correlation and time series over agriculture zone in central Mexico
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4 Drought indicator assessment

4.1 Introduction

The anomaly approach is ideal for utilizing HSAF SSM data to derive drought indicators. The
extended data record of 17 years makes it possible to calculate reliable soil moisture climatology
(long-term mean and standard deviations). This, in turn, allows us to determine deviations in soil
moisture from normal conditions, representing anomalies in the soil moisture. When anomalies
are close to 0, it indicates normal conditions, while negative anomalies indicate drier-than-usual
conditions. Positive anomalies, on the other hand, show a surplus of soil moisture in the events
of strong precipitation [Vreugdenhil, M., et.al.,2022].

4.2 Comparison of Anomalies

A comparison of Monthly Precipitation Anomalies (MPA), produced by CONAGUA and SMN using
rain gauge data, is conducted alongside Soil Moisture Anomalies (SMA) derived from ASCAT
surface soil moisture (SSM). This analysis aims to evaluate the consistency between precipitation
deficits and soil moisture patterns during the drought years of 2015, 2018, and 2021.

In most months, soil moisture and precipitation anomalies exhibited similar patterns, as shown
in Figure 14, Figure 15, and Figure 16. Notably, discrepancies were found only in March 2015 and
July 2021. However, exceptions were observed in arid and semi-arid regions, likely due to
subsurface scattering issues.

March 2015 exhibited a positive precipitation anomaly across the country (+20 mm); however,
Soil Moisture Anomalies (SMA) displayed low values in central and southern Mexico (Figure 14).
During the same year, September, February, and August showed the best agreement between
SMA and the Monthly Precipitation Anomaly (MPA). Conversely, April and June 2015
demonstrated lower correspondence, with discrepancies primarily occurring in arid and semi-
arid regions.

ANe
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1snony
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APRIL
Y39W31d3S

4. 0. 20 0. 6 . 20 WM N LD NE S 0D 0B MWW o o o 0 6 b o2 % e AN I NDONRUN
Monthly Precipitation Anomaly Soil Moisture Anomaly Monthly Precipitation Anomaly
(mm) (mm)

Soil Moisture Anomaly

Figure 14 Soil Moisture and Monthly Precipitation Anomalies for dry and wet months, year 2015
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Figure 15 illustrates the anomalies for the year 2018, which generally displayed a high degree of
similarity, except in April and August. In these months, the SMA did not appear to reflect the
presence of precipitation near coastal regions. February and September showed the closest
similarity, even in arid and semi-arid areas.
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Figure 15 Dry and wet months of 2018 showing Soil Moisture and Monthly Precipitation Anomalies

In 2021, the first five months faced drought conditions, as reported by the Mexico Drought
Monitor (MSM). Figure 16, illustrates the dry and wet months of the year. Notably, July exhibits
the greatest pattern discrepancies, likely due to the onset of the initial rains following the
drought period. Additionally, persistent issues are evident in the arid and semi-arid regions.
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Figure 16 Soil Moisture Anomalies and Monthly Precipitation Anomaly for dry and wet month in year 2021
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4.3 Drought Indicators

Droughts are a complex phenomenon, due to their slow onset and slow recovery, the several
different drought categories, and their different causes and complex impacts, make droughts
events difficult to define quantitatively, giving rise to a multitude of indices.

Drought indices are essential tools for identifying and quantifying drought events. They are
typically categorized into standardized indices and threshold-based indices. Among the most
used indices are those based on meteorological and soil moisture droughts [Van Loon, A.F.,
2015]. The selection and application of a specific index are critical, as these choices can
significantly influence the interpretation of drought conditions and may lead to varying
conclusions.

The most common standardized drought indices based on meteorological drought monitoring
are the Standardized Precipitation Index (SPl) and the Standardized Precipitation and
Evapotranspiration Index (SPEl). Both methods use precipitation as their main statistical
indicator, based on comparing the total amount of precipitation (mm) during a specific period
(months), with a long-term precipitation distribution [Sepulcre-Canto, G..et al. 2012].

On the other hand, the standardized indices for soil moisture drought, use the soil moisture
anomalies to standardize them either by calculating the percentage using the long-term means
(SMAPI) or by calculating Z-scores using the long-term standard deviations and then thresholding
them to categorize the severity of droughts.

To evaluate ASCAT SM as a drought detection tool in Mexico, four drought indicators were
selected: two precipitation-based and two soil moisture-based indicators. Table 1 provides a
summary of the methods and classification used for each drought indicator.

Table 1. Drought Indicators

Standardized Normal 0.99 to -0.99
Precipitation epr P~ p” Moderate -1.0to -1.49
Index (SPI) ap Severe -1.5t0-1.99
Extreme <-2.0
Standardized Normal 0.99 to -0.99
Precipitation Moderate -1.0to-1.49
and _ D, = P,— PET, Severe -1.5t0-1.99
Evapotranspir Extreme <-2.0
ation Index
(SPEI)
Z-scores _— Mild More than -1
Zy; = u Moderate -2to-1

i Severe Lower than -2
Soil Moisture No drought -5% or more
Anomaly Mild -15% to -5%
Percentage Moderate -30% to -15%
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Index SMAPI ; Severe -50% to -30%
(SMAPI) SM,; — SM; Extreme More than -50%
=——"100%
SM;

Where P represents precipitation, p* mean precipitation, and op standard deviation of precipitation

Where SM,. ; represents monthly soil moisture values and SM; and o; represents long-term monthly means
and standard deviations respectively.
For SPE| see [Vicente-Serrano et al., 2010]

4.4 Assessment

The assessment of the quality and effectiveness of drought indicators derived from HSAF SSM
data involved a comparative analysis with the Standardized Precipitation and Evapotranspiration
Index (SPEI), and the Standardized Precipitation Index (SPI) generated by the Mexico Drought
Monitor (MSM). This comparison analysis aimed to evaluate the ability of HSAF SSM-derived
indicators to reflect drought severity and duration in a manner consistent with established
meteorological indices. Below is an overview of the data products used for the drought indicator
assessment.

4.4.1 Overview of products

4.4.1.1 Standardized Precipitation and Evapotranspiration Index (SPEI) [Peng et al., 2023]

SPEI is a multi-scalar drought indicator derived using precipitation and temperature data
[Vicente-Serrano et al., 2010] calculated over different accumulation timescales: 1, 3, 6, 12, 18,
and 24. The UK Centre for Environmental Data Analysis (CEDA) provides high-resolution SPEI
datasets for Africa, which are based on CHIRPS precipitation data and potential evaporation
estimates from the Global Land Evaporation Amsterdam Model (GLEAM). These datasets have a
spatial resolution of 5km and monthly temporal resolution.

4.4.1.2 Standardized Precipitation Index (SPI): Drought Severity Classification

The Mexico Drought Monitor (MSM, by its Spanish initials) is a monthly report that assesses
drought severity across the country using the Standardized Precipitation Index (SPI) [CONAGUA
& SMN, 2024]. This report provides a comprehensive overview of drought conditions,
supplemented with tables and graphical representations illustrating the percentage of affected
areas at the municipal, state, and national levels. It is produced by the National Meteorological
Service (SMN) in collaboration with the National Water Commission (CONAGUA), utilizing data
from the National Rain Gauge Network, the National Automatic Meteorological Stations
Network, and radar observations.

4.4.2 Comparative Analysis

Between 2020 and 2021, Mexico experienced the second most severe drought in recent years.
This event spanned from July to December 2020 and continued from January to May 2021. During
this period, the country recorded an average precipitation deficit of 2.7%, marking the third
(2020) and fourth (2021) consecutive years of below-average precipitation. According to the
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Mexico Drought Monitor (MSM), at least 75% of the national territory experienced some grade
of drought severity during this time.

Figure 17 illustrates the onset of the drought, as captured by the SMAPI, Z-Scores, SPEI, and SPI
indices. During the first three months, both precipitation-based indices showed agreement in
several regions. Notably, September exhibited the highest degree of dissimilarity, particularly in
northern Mexico. However, Z-Scores demonstrated a stronger resemblance to the SPlI compared
to the SMAPI.

Juy

AUGUST

SEPTEMBER

©
No Drought -
No Drought

No Drought -

Figure 17.Drought anomalies from July to September 2020

Figure 18 presents the second trimester of the drought, where the alignment of drought-affected
areas becomes more evident, particularly in October and November. However, arid and semi-
arid regions appear to indicate 'no drought' conditions, likely due to subsurface scattering issues
in the ASCAT SSM data.

December appears to exhibit the greatest divergence among the drought indices. The SPEI
indicates 'no drought' in most of northern Mexico, similar to certain areas in central and southern
Mexico. This contrasts with the MSM's characterization using the SPI, where these regions were
identified as experiencing 'severe drought’.

SMAPI and Z-Scores generally exhibited similar patterns to SPI across most of the country,

excluding the arid and semi-arid regions. However, discrepancies between the indices persist in
western Mexico.
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Figure 18. Drought anomalies for the second trimester of drought, from october to december 2020

The third trimester of the drought, as illustrated in Figure 19, revealed moderate to severe SPI
indices in the central and northwest regions. Discrepancies between SPEIl and SPI were evident
in these areas, particularly during January and February. Additionally, SMAPI and Z-Scores are
generally aligned with SPI. However, issues in arid regions, notably in the northern central states
of Chihuahua and Coahuila, persisted as expected.

JANUARY

FEBRUARY

MARCH

No Drought -
No Drought

Figure 19. 2021 drought anomalies from January to March

According to the MSM, the drought was reported to have ended in June 2021. However, as shown
in Figure 20, northwest Mexico continued to experience 'extreme drought conditions' during
June. In contrast, the SPEl indicated 'no drought' conditions, as reported by CONAGUA and SMN.
Additionally, SMAPI and Z-Scores indicated mild to moderate drought conditions in areas like
those identified by SPIl. Conversely, April displayed greater discrepancies among the indices
compared to the other two months, with variations not limited to arid and semi-arid regions.
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Figure 20. 2021 drought anomalies from April to June

5 Conclusion

This report evaluated the potential of the ASCAT SSM 6.25 km product for agricultural drought
monitoring across Mexico. Correlation analyses with other soil moisture datasets confirmed the
product's quality while highlighting the impact of subsurface scattering, particularly in the arid
regions of Northern Mexico.

Using the ASCAT SSM 6.25 km product, two anomaly-based drought indicators were generated
and evaluated for their alignment with precipitation anomalies during historically significant
drought events. Additionally, a comparative analysis with the Standardized Precipitation and
Evapotranspiration Index (SPEI) and Standardized Precipitation Index (SPI) showed a generally
strong correspondence in spatial drought patterns.

Furthermore, SMAPI and SMA Z-score drought indicators effectively captured precipitation
deficits and drought conditions, closely mirroring the patterns observed in the MSM SPI. While
challenges remain in arid and semi-arid regions, the indicators showed a strong potential for use
in central and northeastern Mexico.
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