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Abstract

Drought has severe impacts on the structure and functionality of terrestrial and riverine ecosystems. The mechanism and
duration of drought recovery are critical subjects that can have crucial ramifications for ecology, crop yield, carbon uptake,
and ecosystem services, and it has not been thoroughly investigated. This study assesses drought recovery of terrestrial and
riverine ecosystems for agricultural and hydrological droughts, respectively. Soil moisture simulations from Phase 2 of the North
American Land Data Assimilation System (NLDAS-2) are employed to characterize agricultural drought, and streamflow data
from the United States Geological Survey (USGS) are utilized for assessing hydrological droughts. Drought recovery for riverine
ecosystems is studied considering both quantity and quality of streamflow. Water temperature, dissolved oxygen, and turbidity
are the water quality variables considered in this study. Riverine drought recovery is assessed using a multi-stage framework
that is applied to 400 streamflow stations across the CONUS for the study period of 1950-2016. On the other hand, terrestrial
drought recovery is investigated utilizing ecosystem Gross Primary Productivity (GPP), a metric of photosynthetic activity, for
the regions impacted by agricultural drought. GPP data is acquired from the Moderate resolution Imaging Spectroradiometer
(MODIS) sensor onboard Terra satellite at 1km spatial resolution and 8-day temporal resolution across the CONUS during 2000
to 2015. The drought affected regions are assumed to be recovered when the post-drought GPP reverts to its regional average
value. Results show that in general, riverine drought recovery takes about two months when considering water quality variables,
whereas terrestrial drought recovery duration varies between 1 to 4 months depending on drought severity. Additionally, results

indicate that drought recovery duration is positively correlated with drought severity.



Drought recovery In terrestrial and riverine ecosystems of the CONUS: Considering vegetation productivity and water quality

INIVERSITY « Behzad Ahmadi! (bahmadi@pdx.edu), Ali Ahmadalipour? (aahmada@ua.edu), and Hamid Moradkhani? (hmoradkhani@ua.edu) (H51F-1588)
AL AB AM A@ 1 Water Resources and Remote Sensing Lab, Department of Civil and Environmental Engineering, Portland State University

2 Center for Complex Hydrosystems Research, Department of Civil, Construction and Environmental Engineering, University of Alabama

Portland State

UNIVERSITY

Background and Objectives Methodology

Discussion

_ _ _ e Persistence: the period that streamflow remains below the normal threshold level for at An inverse relation between hydrological drought severity and
d Drought has severe impacts on the structure and functionality of : : - : .. _ [ . e - . : . .
least 30 consecutive days. If there are more than one period fulfilling this condition —Streamflow Threshold frequency In areas located in the Pacific Northwest, California, Great
terrestrial and riverine ecosystems. during a drought episode, the longest period is considered as the drought persistence | — Observed Streamflow | Basin, Upper Colorado, Texas, Arkansas, Ohio, New England, Upper
3 The mechanism and duration of drought recovery are critical stage. I 5 | Mississippi, and Mid-Atlantic river basins.
) _ o _ i : .. . . Drought Onset . Drought Termination
subjects that can have crucial ramifications for ecology, crop yield, o Growth: moving backwards from the beginning of drought persistence, drought onset is z ) Drought Duration 5 \ .
carbon uptake, and ecosystem services, and it has not been th_e point when streamflow falls below the threshold level for I_ess than 1_5 d_ays In a T-day E \\
. . window. Drought growth stage starts from drought onset until the beginning of drought 2 - <“Drought Recovery» :
thoroughly investigated. _ % | .l ]
persistence. | ‘\ | | M
) . - - _ ) - - 1 . . I 7
1 Analyzing hydrological drought recovery considering both water e Retreat: moving forward from the end of drought persistence stage, drought termination ’ T-day < 3OlzlerSISte111ce »<Retrea> ﬁ-da,\'f\
- : T : : : AR >3() days or longest . i
quality and quantity criteria. is the time when streamflow falls below the threshold level for less than 15 days ina T- g W\\J )\ | = =
0 Assessing terrestrial drought recovery duration for various drought day wmdow._Drc_)ught retreat stage starts following the end of drought persistence until e ., =: s
events with diverse intensities 2O eI e =" e e | |
' _* === \: Figure 2 — A conceptual diagram of drought growth, persistence, retreat, and E “ - |
e 3| oot R 174 recovery stages.
Stlldy Area and Data o Spatl iswrbuionof | Figure 7- Spatial distribution of normalized drought severity and drought frequency over the
] i L _ _ _ CONUS during 1950-2016.
Table 1- Summary of the data used for terrestrial and Hydrological drought analysis - | » The sensitivity of GPP to drought is well documented, and its spatiotemporal patterns _ _ _ _
_ S e | _ _ A more severe agricultural drought episode Is expected to result iIn
Data Spatial  Temporal . Type S S can be estimated in several ways. longer recovery time compared to moderate droughts, which is approved
Resolution Resolution B { [ s > First, the normal GPP threshold, which is the average of GPP over the study period, is by the results of Figure 8. Additionally, a longer drought episode
Gross Primary Remotely S L ____________ o | IR — : culated  orid at 8-day Increases the likelihood of protracted drought recovery.
= . A o calculated for each grid at 8-day time step.
S Productivity (GPP) 1 km 8 days gC/kg H,O sensed by doL 1) S ; J y ¥ N N
= L - . | o e e maane | > Then. th ¢ f q t episate fe dlartioed] wian (i i i ¥ oo ‘ ° e
S (MOD17A3) MODIS B[] | 5 en, the ecosystem recovery from a drought episode iIs defined when the pos 3S0aed SEN
D : ! | Recovery Duration Detecti E . . . . z2 AR NN NN NN ’ z KRN NN °
= Evapotranspiration Remotely [ drought GPP within one-month (4 consecutive 8-day period) reverts and stays above : - sececcececc ll £ EETTI B
= 1 km 8 days mm/m?  sensed by » S - 2. oo :
@ (ET) (MOD16A3) o the normal condition (GPP normal threshold).
&L MODIS Figure 3 - The framework for analyzing terrestrial drought recovery considering g ° I, g |,
- . = ~
O Soil Moisture Simulated Gross Primary Production (GPP), and assessing Water Use Efficiency (WUE) & &
= 1/8° 8 days cm/cm response to drought and decomposing the influential factors. | 2 ; : g . . L, | . 4.1 é g " . L
(N LDAS-Z) by VI C Drought Duration (Months) Drought Duration (Months)
o Streamflow 400 _ _ Results
%) - dal Iy Cfs I n Sltu X 4 2011 Drought ° a5 4- 2012 Drought °
- (U SG S) stations b 2002 Drought Severity 2002 Drought Recovery c0e0e oo -
O a) ) J b4 e wew | wew | wew | e e o oar e e e e 3.5 L ’ 3.5 eo0e0cceoe 3
5 Water Temperature 400 . . 2z X XXX . z XXX LXK ’
_ da”y OC In S|tu *g 3t o0 0000 oee e *g 3t I XN R NN NN 25
C_U (USGS) Statlons 7 525 .ooooo:::ooo:o ) :%25 ooo:o:::oo::o )
o . : : E‘ . 1.5 ;:.a‘ | . ® 115
5 Dissolved Oxygen 287 dail mg/L ity 3 P |
O (USGS) stations 4 — E s 18
S Turbidity 234 . =: 1 i A= i , Lo
> d c . ‘ | _ 0 2 4 6 8 10 12 0 2 4 6 8 10 12
. all FNU In SItU stardlic ¢ [ ] Watershed ‘ %*%i e R ) Drought Duration (Months) Drought Duration (Months)
= (USGS) stations Y — el \ ) aterhed e =
rovehe Growth (Davs) w<¢—ﬁ Drought Persistence (Days) - I Figure 8 - The relation between drought recovery time, drought duration, and drought
l | 1 — l —Fi S — ~ 5550 2008 Drought Recovery intensity for 2002, 2008, 2011, and 2012 drought episodes.
:\' » g 390 - 150 o ——— — Miles == 90 - 150 o ——— — Miles [ 50 - 150 e —— — Miles | P | | | |
. B 150 - 210 0 250 500 750 1,000 150 -210 0 250 500 750 1,000 B 150 - 210 0 250 500 750 1,000
- - B 210 - 260 °
o : ;gifg : iégifg . 260 - 310 COHCluSIOH
&s '2.-1.31’* ) I 310 - 360 I 310 - 360 I 310 - 360
$%) 4 : : : :
g e » Terrestrial drought recovery analysis reveals that, required time
lSe ' - ion (i - ' - in the historical period of 1950-20186. : ] e ..
: 33; Figure 4- Mean duration (in days) of a) drought growth; b) persistence; and c) recovery in the historical period of 1950-2016 for each region to revert to its pre-drought condition is posmvely
\ N ; . . .
I TSN _ correlated with drought severity and when a region experienced
. more severe drought, a longer drought recovery is more likely.
i W<¢>’ » Additionally, a longer drought episode increases the likelihood
| T of protracted drought recovery.
> CaiorminBasin & ArkamsasWhneRod Basin 14 Tonnessce Busin- » Hydrological drought frequency Is negatively correlated with
U Comnin 11 Sty b 17\ drought severity and duration, whereas drought duration and
Figure 2- Study area, river basin boundaries, and location of the selected recovery time are positively correlated.
streamflow/water quality stations. . | _ o
—asins —IBasin IBasins » Average recovery time for water temperature, turbidity and
Table 1: USDM il moisture dr ht cat i Temsgtae:ure recovery (day) W¢;E Dissitla\l/t:z oxygen recoverydays) ' W¢E S.tSFeS d 2012 Drought RGCOVGI'y . .
able 1: soil moisture drought categories empera v e R ’g'l;lo l_t;fsrecovery( ays) T S S e & dissolved oXygen Wwere 52, 42 and 51 dayS fOIIOW|ng
25-35 ——— il . R TRy i Ty : S :
Category Desctiption Percentiles (%) —TH N T T — T | e ’ hydrological drought termination, respectively.
B 45 - 55 Bl 45 - 55 —
M55 - 60 55 - 60 55 - 60
G0 - 75 W60 - 75 ]
DO Abnormally dry 21 to 30 -0 - 75 - Reference
D1 Moderate drought 11 to 20 ; o . . - = N
Figure 5 - Spatial distribution of average time needed for; a) water temperature, b) dissolved oxygen, and c¢) turbidity to [ s | : b : : : :
D2 Severe drought 6to 10 recover from drought after the hydrological drought termination (i.e. after the streamflow has reached normal conditions). % i » Ahmadi, B., Ahmadallpour, A. Morac!khanl, H., (2019). Hydro!oglcal
— | | = | | Drought Persistence and Recovery in the CONUS: a Multi-stage
D3 Extreme drought 5to5 Figure 6 - Spatial distribution of agricultural drought severity Framework Considering Water Quantity and Quality, Water Research,
D E tional droucht to 2 (left) and drought recovery duration (right) for 2002, 2008, 150(1), 97-110.
. xeeptiona d oug Ao 2011, and 2012 drought episodes. ( )



mailto:bahmadi@pdx.edu
mailto:aahmada@eng.ua.edu
mailto:hmoradkhani@ua.edu

